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Foreword

+DGRRS�JRW�LWV�VWDUW�LQ�1XWFK��$�IHZ�RI�XV�ZHUH�DWWHPSWLQJ�WR�EXLOG�DQ�RSHQ�VRXUFH
ZHE� VHDUFK� HQJLQH� DQG� KDYLQJ� WURXEOH�PDQDJLQJ� FRPSXWDWLRQV� UXQQLQJ� RQ� HYHQ� D
KDQGIXO�RI�FRPSXWHUV��2QFH�*RRJOH�SXEOLVKHG�LWV�*)6�DQG�0DS5HGXFH�SDSHUV��WKH
URXWH�EHFDPH�FOHDU��7KH\¦G�GHYLVHG�V\VWHPV�WR�VROYH�SUHFLVHO\�WKH�SUREOHPV�ZH�ZHUH
KDYLQJ�ZLWK�1XWFK��6R�ZH�VWDUWHG��WZR�RI�XV��KDOI�WLPH��WR�WU\�WR�UH�FUHDWH�WKHVH�V\VWHPV
DV�D�SDUW�RI�1XWFK�

:H�PDQDJHG�WR�JHW�1XWFK�OLPSLQJ�DORQJ�RQ����PDFKLQHV��EXW�LW�VRRQ�EHFDPH�FOHDU�WKDW
WR�KDQGOH�WKH�:HE¦V�PDVVLYH�VFDOH��ZH¦G�QHHG�WR�UXQ�LW�RQ�WKRXVDQGV�RI�PDFKLQHV�DQG�
PRUHRYHU��WKDW�WKH�MRE�ZDV�ELJJHU�WKDQ�WZR�KDOI�WLPH�GHYHORSHUV�FRXOG�KDQGOH�

$URXQG�WKDW�WLPH��<DKRR��JRW�LQWHUHVWHG��DQG�TXLFNO\�SXW�WRJHWKHU�D�WHDP�WKDW�,�MRLQHG�
:H�VSOLW�RII�WKH�GLVWULEXWHG�FRPSXWLQJ�SDUW�RI�1XWFK��QDPLQJ�LW�+DGRRS��:LWK�WKH�KHOS
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,Q�������7RP�:KLWH�VWDUWHG�FRQWULEXWLQJ�WR�+DGRRS��,�DOUHDG\�NQHZ�7RP�WKURXJK�DQ
H[FHOOHQW�DUWLFOH�KH¦G�ZULWWHQ�DERXW�1XWFK��VR�,�NQHZ�KH�FRXOG�SUHVHQW�FRPSOH[�LGHDV
LQ�FOHDU�SURVH��,�VRRQ�OHDUQHG�WKDW�KH�FRXOG�DOVR�GHYHORS�VRIWZDUH�WKDW�ZDV�DV�SOHDVDQW
WR�UHDG�DV�KLV�SURVH�

)URP�WKH�EHJLQQLQJ��7RP¦V�FRQWULEXWLRQV�WR�+DGRRS�VKRZHG�KLV�FRQFHUQ�IRU�XVHUV�DQG
IRU�WKH�SURMHFW��8QOLNH�PRVW�RSHQ�VRXUFH�FRQWULEXWRUV��7RP�LV�QRW�SULPDULO\�LQWHUHVWHG
LQ�WZHDNLQJ�WKH�V\VWHP�WR�EHWWHU�PHHW�KLV�RZQ�QHHGV��EXW�UDWKHU�LQ�PDNLQJ�LW�HDVLHU�IRU
DQ\RQH�WR�XVH�
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UROH�RI�+DGRRS�FRPPLWWHU�DQG�VRRQ�WKHUHDIWHU�EHFDPH�D�PHPEHU�RI�WKH�+DGRRS�3URMHFW
0DQDJHPHQW�&RPPLWWHH�

7RP�LV�QRZ�D�UHVSHFWHG�VHQLRU�PHPEHU�RI�WKH�+DGRRS�GHYHORSHU�FRPPXQLW\��7KRXJK
KH¦V�DQ�H[SHUW�LQ�PDQ\�WHFKQLFDO�FRUQHUV�RI�WKH�SURMHFW��KLV�VSHFLDOW\�LV�PDNLQJ�+DGRRS
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Preface

0DUWLQ�*DUGQHU��WKH�PDWKHPDWLFV�DQG�VFLHQFH�ZULWHU��RQFH�VDLG�LQ�DQ�LQWHUYLHZ�

%H\RQG�FDOFXOXV��,�DP�ORVW��7KDW�ZDV�WKH�VHFUHW�RI�P\�FROXPQ¦V�VXFFHVV��,W�WRRN�PH�VR
ORQJ�WR�XQGHUVWDQG�ZKDW�,�ZDV�ZULWLQJ�DERXW�WKDW�,�NQHZ�KRZ�WR�ZULWH�LQ�D�ZD\�PRVW
UHDGHUV�ZRXOG�XQGHUVWDQG��

,Q�PDQ\�ZD\V��WKLV�LV�KRZ�,�IHHO�DERXW�+DGRRS��,WV�LQQHU�ZRUNLQJV�DUH�FRPSOH[��UHVWLQJ
DV�WKH\�GR�RQ�D�PL[WXUH�RI�GLVWULEXWHG�V\VWHPV�WKHRU\��SUDFWLFDO�HQJLQHHULQJ��DQG�FRP�
PRQ�VHQVH��$QG�WR�WKH�XQLQLWLDWHG��+DGRRS�FDQ�DSSHDU�DOLHQ�

%XW�LW�GRHVQ¦W�QHHG�WR�EH�OLNH�WKLV��6WULSSHG�WR�LWV�FRUH��WKH�WRROV�WKDW�+DGRRS�SURYLGHV
IRU�EXLOGLQJ�GLVWULEXWHG�V\VWHPV¢IRU�GDWD�VWRUDJH��GDWD�DQDO\VLV��DQG�FRRUGLQDWLRQ¢
DUH�VLPSOH��,I�WKHUH¦V�D�FRPPRQ�WKHPH��LW�LV�DERXW�UDLVLQJ�WKH�OHYHO�RI�DEVWUDFWLRQ¢WR
FUHDWH�EXLOGLQJ�EORFNV�IRU�SURJUDPPHUV�ZKR�MXVW�KDSSHQ�WR�KDYH�ORWV�RI�GDWD�WR�VWRUH�
RU�ORWV�RI�GDWD�WR�DQDO\]H��RU�ORWV�RI�PDFKLQHV�WR�FRRUGLQDWH��DQG�ZKR�GRQ¦W�KDYH�WKH
WLPH��WKH�VNLOO��RU�WKH�LQFOLQDWLRQ�WR�EHFRPH�GLVWULEXWHG�V\VWHPV�H[SHUWV�WR�EXLOG�WKH
LQIUDVWUXFWXUH�WR�KDQGOH�LW�

:LWK�VXFK�D�VLPSOH�DQG�JHQHUDOO\�DSSOLFDEOH�IHDWXUH�VHW��LW�VHHPHG�REYLRXV�WR�PH�ZKHQ
,�VWDUWHG�XVLQJ�LW�WKDW�+DGRRS�GHVHUYHG�WR�EH�ZLGHO\�XVHG��+RZHYHU��DW�WKH�WLPH��LQ
HDUO\��������VHWWLQJ�XS��FRQILJXULQJ��DQG�ZULWLQJ�SURJUDPV�WR�XVH�+DGRRS�ZDV�DQ�DUW�
7KLQJV�KDYH�FHUWDLQO\� LPSURYHG�VLQFH� WKHQ�� WKHUH� LV�PRUH�GRFXPHQWDWLRQ�� WKHUH�DUH
PRUH�H[DPSOHV��DQG�WKHUH�DUH�WKULYLQJ�PDLOLQJ�OLVWV�WR�JR�WR�ZKHQ�\RX�KDYH�TXHVWLRQV�
$QG�\HW�WKH�ELJJHVW�KXUGOH�IRU�QHZFRPHUV� LV�XQGHUVWDQGLQJ�ZKDW�WKLV�WHFKQRORJ\�LV
FDSDEOH�RI��ZKHUH�LW�H[FHOV��DQG�KRZ�WR�XVH�LW��7KDW�LV�ZK\�,�ZURWH�WKLV�ERRN�

7KH�$SDFKH�+DGRRS�FRPPXQLW\�KDV�FRPH�D�ORQJ�ZD\��2YHU�WKH�FRXUVH�RI�WKUHH�\HDUV�
WKH�+DGRRS�SURMHFW�KDV�EORVVRPHG�DQG�VSXQ�RII�KDOI�D�GR]HQ�VXESURMHFWV��,Q�WKLV�WLPH�
WKH�VRIWZDUH�KDV�PDGH�JUHDW�OHDSV�LQ�SHUIRUPDQFH��UHOLDELOLW\��VFDODELOLW\��DQG�PDQDJH�
DELOLW\��7R�JDLQ�HYHQ�ZLGHU�DGRSWLRQ��KRZHYHU��,�EHOLHYH�ZH�QHHG�WR�PDNH�+DGRRS�HYHQ
HDVLHU�WR�XVH��7KLV�ZLOO�LQYROYH�ZULWLQJ�PRUH�WRROV��LQWHJUDWLQJ�ZLWK�PRUH�V\VWHPV��DQG

�� £7KH�VFLHQFH�RI�IXQ�¤�$OH[�%HOORV��7KH�*XDUGLDQ��0D\�����������KWWS���ZZZ�JXDUGLDQ�FR�XN�VFLHQFH�
�����PD\����PDWKV�VFLHQFH�
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ZULWLQJ�QHZ��LPSURYHG�$3,V��,¦P�ORRNLQJ�IRUZDUG�WR�EHLQJ�D�SDUW�RI�WKLV��DQG�,�KRSH
WKLV�ERRN�ZLOO�HQFRXUDJH�DQG�HQDEOH�RWKHUV�WR�GR�VR��WRR�

Administrative Notes
'XULQJ�GLVFXVVLRQ�RI�D�SDUWLFXODU�-DYD�FODVV�LQ�WKH�WH[W��,�RIWHQ�RPLW�LWV�SDFNDJH�QDPH
WR�UHGXFH�FOXWWHU��,I�\RX�QHHG�WR�NQRZ�ZKLFK�SDFNDJH�D�FODVV�LV�LQ��\RX�FDQ�HDVLO\�ORRN
LW�XS�LQ�+DGRRS¦V�-DYD�$3,�GRFXPHQWDWLRQ�IRU�WKH�UHOHYDQW�VXESURMHFW��OLQNHG�WR�IURP
WKH�$SDFKH�+DGRRS�KRPH�SDJH�DW�KWWS���KDGRRS�DSDFKH�RUJ���2U�LI�\RX¦UH�XVLQJ�DQ�,'(�
LW�FDQ�KHOS�XVLQJ�LWV�DXWR�FRPSOHWH�PHFKDQLVP�

6LPLODUO\��DOWKRXJK�LW�GHYLDWHV�IURP�XVXDO�VW\OH�JXLGHOLQHV��SURJUDP�OLVWLQJV�WKDW�LPSRUW
PXOWLSOH�FODVVHV�IURP�WKH�VDPH�SDFNDJH�PD\�XVH�WKH�DVWHULVN�ZLOGFDUG�FKDUDFWHU�WR�VDYH
VSDFH��IRU�H[DPSOH��import org.apache.hadoop.io.*��

7KH�VDPSOH�SURJUDPV�LQ�WKLV�ERRN�DUH�DYDLODEOH�IRU�GRZQORDG�IURP�WKH�ZHEVLWH�WKDW
DFFRPSDQLHV�WKLV�ERRN��KWWS���ZZZ�KDGRRSERRN�FRP���<RX�ZLOO�DOVR�ILQG�LQVWUXFWLRQV
WKHUH�IRU�REWDLQLQJ�WKH�GDWDVHWV�WKDW�DUH�XVHG�LQ�H[DPSOHV�WKURXJKRXW�WKH�ERRN��DV�ZHOO
DV�IXUWKHU�QRWHV�IRU�UXQQLQJ�WKH�SURJUDPV�LQ�WKH�ERRN��DQG�OLQNV�WR�XSGDWHV��DGGLWLRQDO
UHVRXUFHV��DQG�P\�EORJ�

What’s in This Book?
7KH�UHVW�RI�WKLV�ERRN�LV�RUJDQL]HG�DV�IROORZV��&KDSWHU���HPSKDVL]HV�WKH�QHHG�IRU�+DGRRS
DQG� VNHWFKHV� WKH� KLVWRU\� RI� WKH� SURMHFW�� &KDSWHU� �� SURYLGHV� DQ� LQWURGXFWLRQ� WR
0DS5HGXFH��&KDSWHU���ORRNV�DW�+DGRRS�ILOHV\VWHPV��DQG�LQ�SDUWLFXODU�+')6��LQ�GHSWK�
&KDSWHU���FRYHUV� WKH� IXQGDPHQWDOV�RI� ,�2� LQ�+DGRRS��GDWD� LQWHJULW\�� FRPSUHVVLRQ�
VHULDOL]DWLRQ��DQG�ILOH�EDVHG�GDWD�VWUXFWXUHV�

7KH�QH[W�IRXU�FKDSWHUV�FRYHU�0DS5HGXFH�LQ�GHSWK��&KDSWHU���JRHV�WKURXJK�WKH�SUDFWLFDO
VWHSV�QHHGHG�WR�GHYHORS�D�0DS5HGXFH�DSSOLFDWLRQ��&KDSWHU���ORRNV�DW�KRZ�0DS5HGXFH
LV�LPSOHPHQWHG�LQ�+DGRRS��IURP�WKH�SRLQW�RI�YLHZ�RI�D�XVHU��&KDSWHU���LV�DERXW�WKH
0DS5HGXFH�SURJUDPPLQJ�PRGHO�DQG�WKH�YDULRXV�GDWD�IRUPDWV�WKDW�0DS5HGXFH�FDQ
ZRUN�ZLWK��&KDSWHU���LV�RQ�DGYDQFHG�0DS5HGXFH�WRSLFV��LQFOXGLQJ�VRUWLQJ�DQG�MRLQLQJ
GDWD�

&KDSWHUV��� DQG����DUH� IRU�+DGRRS�DGPLQLVWUDWRUV� DQG�GHVFULEH�KRZ� WR� VHW�XS�DQG
PDLQWDLQ�D�+DGRRS�FOXVWHU�UXQQLQJ�+')6�DQG�0DS5HGXFH�

/DWHU� FKDSWHUV� DUH�GHGLFDWHG� WR�SURMHFWV� WKDW�EXLOG�RQ�+DGRRS�RU� DUH� UHODWHG� WR� LW�
&KDSWHUV����DQG����SUHVHQW�3LJ�DQG�+LYH��ZKLFK�DUH�DQDO\WLFV�SODWIRUPV�EXLOW�RQ�+')6
DQG�0DS5HGXFH�� ZKHUHDV� &KDSWHUV� ���� ���� DQG� ��� FRYHU� +%DVH�� =RR.HHSHU�� DQG
6TRRS��UHVSHFWLYHO\�

)LQDOO\��&KDSWHU����LV�D�FROOHFWLRQ�RI�FDVH�VWXGLHV�FRQWULEXWHG�E\�PHPEHUV�RI�WKH�$SDFKH
+DGRRS�FRPPXQLW\�
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What’s New in the Second Edition?
7KH�VHFRQG�HGLWLRQ�KDV�WZR�QHZ�FKDSWHUV�RQ�+LYH�DQG�6TRRS��&KDSWHUV����DQG������D
QHZ�VHFWLRQ�FRYHULQJ�$YUR��LQ�&KDSWHU�����DQ�LQWURGXFWLRQ�WR�WKH�QHZ�VHFXULW\�IHDWXUHV
LQ�+DGRRS��LQ�&KDSWHU�����DQG�D�QHZ�FDVH�VWXG\�RQ�DQDO\]LQJ�PDVVLYH�QHWZRUN�JUDSKV
XVLQJ�+DGRRS��LQ�&KDSWHU�����

7KLV�HGLWLRQ�FRQWLQXHV�WR�GHVFULEH�WKH������UHOHDVH�VHULHV�RI�$SDFKH�+DGRRS�EHFDXVH
WKLV�ZDV�WKH�ODWHVW�VWDEOH�UHOHDVH�DW�WKH�WLPH�RI�ZULWLQJ��1HZ�IHDWXUHV�IURP�ODWHU�UHOHDVHV
DUH�RFFDVLRQDOO\�PHQWLRQHG�LQ�WKH�WH[W��KRZHYHU��ZLWK�UHIHUHQFH�WR�WKH�YHUVLRQ�WKDW�WKH\
ZHUH�LQWURGXFHG�LQ�

What’s New in the Third Edition?
7KH�WKLUG�HGLWLRQ�FRYHUV�WKH���[��IRUPHUO\�������UHOHDVH�VHULHV�RI�$SDFKH�+DGRRS��DV
ZHOO�DV�WKH�QHZHU������DQG���[��IRUPHUO\�������VHULHV��:LWK�D�IHZ�H[FHSWLRQV��ZKLFK�DUH
QRWHG�LQ�WKH�WH[W��DOO�WKH�H[DPSOHV�LQ�WKLV�ERRN�UXQ�DJDLQVW�WKHVH�YHUVLRQV��7KH�IHDWXUHV
LQ� HDFK� UHOHDVH� VHULHV� DUH� GHVFULEHG� DW� D� KLJK� OHYHO� LQ� £+DGRRS� 5HOHDVHV¤
RQ�SDJH����

7KLV�HGLWLRQ�XVHV�WKH�QHZ�0DS5HGXFH�$3,�IRU�PRVW�RI�WKH�H[DPSOHV��%HFDXVH�WKH�ROG
$3,�LV�VWLOO�LQ�ZLGHVSUHDG�XVH��LW�FRQWLQXHV�WR�EH�GLVFXVVHG�LQ�WKH�WH[W�DORQJVLGH�WKH�QHZ
$3,��DQG�WKH�HTXLYDOHQW�FRGH�XVLQJ�WKH�ROG�$3,�FDQ�EH�IRXQG�RQ�WKH�ERRN¦V�ZHEVLWH�

7KH�PDMRU�FKDQJH�LQ�+DGRRS�����LV�WKH�QHZ�0DS5HGXFH�UXQWLPH��0DS5HGXFH����ZKLFK
LV�EXLOW�RQ�D�QHZ�GLVWULEXWHG�UHVRXUFH�PDQDJHPHQW�V\VWHP�FDOOHG�<$51��7KLV�HGLWLRQ
LQFOXGHV�QHZ�VHFWLRQV�FRYHULQJ�0DS5HGXFH�RQ�<$51��KRZ�LW�ZRUNV��&KDSWHU����DQG
KRZ�WR�UXQ�LW��&KDSWHU����

7KHUH� LV�PRUH�0DS5HGXFH�PDWHULDO�� WRR�� LQFOXGLQJ� GHYHORSPHQW� SUDFWLFHV� VXFK� DV
SDFNDJLQJ�0DS5HGXFH�MREV�ZLWK�0DYHQ��VHWWLQJ�WKH�XVHU¦V�-DYD�FODVVSDWK��DQG�ZULWLQJ
WHVWV�ZLWK�058QLW��DOO�LQ�&KDSWHU�����DQG�PRUH�GHSWK�RQ�IHDWXUHV�VXFK�DV�RXWSXW�FRP�
PLWWHUV��WKH�GLVWULEXWHG�FDFKH��ERWK�LQ�&KDSWHU�����DQG�WDVN�PHPRU\�PRQLWRULQJ��&KDS�
WHU�����7KHUH�LV�D�QHZ�VHFWLRQ�RQ�ZULWLQJ�0DS5HGXFH�MREV�WR�SURFHVV�$YUR�GDWD��&KDSWHU
����DQG�RQH�RQ�UXQQLQJ�D�VLPSOH�0DS5HGXFH�ZRUNIORZ�LQ�2R]LH��&KDSWHU����

7KH�FKDSWHU�RQ�+')6��&KDSWHU����QRZ�KDV�LQWURGXFWLRQV�WR�KLJK�DYDLODELOLW\��IHGHUD�
WLRQ��DQG�WKH�QHZ�:HE+')6�DQG�+WWS)6�ILOHV\VWHPV�

7KH�FKDSWHUV�RQ�3LJ��+LYH��6TRRS��DQG�=RR.HHSHU�KDYH�DOO�EHHQ�H[SDQGHG�WR�FRYHU�WKH
QHZ�IHDWXUHV�DQG�FKDQJHV�LQ�WKHLU�ODWHVW�UHOHDVHV�

,Q�DGGLWLRQ��QXPHURXV�FRUUHFWLRQV�DQG�LPSURYHPHQWV�KDYH�EHHQ�PDGH�WKURXJKRXW�WKH
ERRN�
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Conventions Used in This Book
7KH�IROORZLQJ�W\SRJUDSKLFDO�FRQYHQWLRQV�DUH�XVHG�LQ�WKLV�ERRN�

,WDOLF
,QGLFDWHV�QHZ�WHUPV��85/V��HPDLO�DGGUHVVHV��ILOHQDPHV��DQG�ILOH�H[WHQVLRQV�

Constant width
8VHG�IRU�SURJUDP�OLVWLQJV��DV�ZHOO�DV�ZLWKLQ�SDUDJUDSKV�WR�UHIHU�WR�SURJUDP�HOHPHQWV
VXFK�DV�YDULDEOH�RU�IXQFWLRQ�QDPHV��GDWDEDVHV��GDWD�W\SHV��HQYLURQPHQW�YDULDEOHV�
VWDWHPHQWV��DQG�NH\ZRUGV�

Constant width bold
6KRZV�FRPPDQGV�RU�RWKHU�WH[W�WKDW�VKRXOG�EH�W\SHG�OLWHUDOO\�E\�WKH�XVHU�

Constant width italic
6KRZV�WH[W�WKDW�VKRXOG�EH�UHSODFHG�ZLWK�XVHU�VXSSOLHG�YDOXHV�RU�E\�YDOXHV�GHWHU�
PLQHG�E\�FRQWH[W�

7KLV�LFRQ�VLJQLILHV�D�WLS��VXJJHVWLRQ��RU�JHQHUDO�QRWH�

7KLV�LFRQ�LQGLFDWHV�D�ZDUQLQJ�RU�FDXWLRQ�

Using Code Examples
7KLV�ERRN�LV�KHUH�WR�KHOS�\RX�JHW�\RXU�MRE�GRQH��,Q�JHQHUDO��\RX�PD\�XVH�WKH�FRGH�LQ
WKLV�ERRN�LQ�\RXU�SURJUDPV�DQG�GRFXPHQWDWLRQ��<RX�GR�QRW�QHHG�WR�FRQWDFW�XV�IRU
SHUPLVVLRQ�XQOHVV�\RX¦UH�UHSURGXFLQJ�D�VLJQLILFDQW�SRUWLRQ�RI�WKH�FRGH��)RU�H[DPSOH�
ZULWLQJ�D�SURJUDP�WKDW�XVHV�VHYHUDO�FKXQNV�RI�FRGH�IURP�WKLV�ERRN�GRHV�QRW�UHTXLUH
SHUPLVVLRQ��6HOOLQJ�RU�GLVWULEXWLQJ�D�&'�520�RI�H[DPSOHV�IURP�2¦5HLOO\�ERRNV�GRHV
UHTXLUH�SHUPLVVLRQ��$QVZHULQJ�D�TXHVWLRQ�E\�FLWLQJ�WKLV�ERRN�DQG�TXRWLQJ�H[DPSOH
FRGH�GRHV�QRW�UHTXLUH�SHUPLVVLRQ��,QFRUSRUDWLQJ�D�VLJQLILFDQW�DPRXQW�RI�H[DPSOH�FRGH
IURP�WKLV�ERRN�LQWR�\RXU�SURGXFW¦V�GRFXPHQWDWLRQ�GRHV�UHTXLUH�SHUPLVVLRQ�

:H�DSSUHFLDWH��EXW�GR�QRW�UHTXLUH��DWWULEXWLRQ��$Q�DWWULEXWLRQ�XVXDOO\�LQFOXGHV�WKH�WLWOH�
DXWKRU��SXEOLVKHU��DQG�,6%1��)RU�H[DPSOH��£+DGRRS��7KH�'HILQLWLYH�*XLGH��7KLUG�(G�
LWLRQ��E\�7RP�:KLWH��&RS\ULJKW������7RP�:KLWH��������������������¤

,I�\RX�IHHO�\RXU�XVH�RI�FRGH�H[DPSOHV�IDOOV�RXWVLGH�IDLU�XVH�RU�WKH�SHUPLVVLRQ�JLYHQ�KHUH�
IHHO�IUHH�WR�FRQWDFW�XV�DW�SHUPLVVLRQV#RUHLOO\�FRP�
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CHAPTER 1

Meet Hadoop

,Q�SLRQHHU�GD\V�WKH\�XVHG�R[HQ�IRU�KHDY\�SXOOLQJ��DQG�ZKHQ�RQH�R[�FRXOGQ¦W�EXGJH�D�ORJ�
WKH\�GLGQ¦W�WU\�WR�JURZ�D�ODUJHU�R[��:H�VKRXOGQ¦W�EH�WU\LQJ�IRU�ELJJHU�FRPSXWHUV��EXW�IRU
PRUH�V\VWHPV�RI�FRPSXWHUV�

¢*UDFH�+RSSHU

Data!
:H�OLYH�LQ�WKH�GDWD�DJH��,W¦V�QRW�HDV\�WR�PHDVXUH�WKH�WRWDO�YROXPH�RI�GDWD�VWRUHG�HOHF�
WURQLFDOO\��EXW�DQ�,'&�HVWLPDWH�SXW�WKH�VL]H�RI�WKH�£GLJLWDO�XQLYHUVH¤�DW������]HWWDE\WHV
LQ������DQG�LV�IRUHFDVWLQJ�D�WHQIROG�JURZWK�E\������WR�����]HWWDE\WHV���$�]HWWDE\WH�LV
�����E\WHV��RU�HTXLYDOHQWO\�RQH�WKRXVDQG�H[DE\WHV��RQH�PLOOLRQ�SHWDE\WHV��RU�RQH�ELOOLRQ
WHUDE\WHV��7KDW¦V�URXJKO\�WKH�VDPH�RUGHU�RI�PDJQLWXGH�DV�RQH�GLVN�GULYH�IRU�HYHU\�SHUVRQ
LQ�WKH�ZRUOG�

7KLV�IORRG�RI�GDWD�LV�FRPLQJ�IURP�PDQ\�VRXUFHV��&RQVLGHU�WKH�IROORZLQJ��

� 7KH�1HZ�<RUN�6WRFN�([FKDQJH�JHQHUDWHV�DERXW�RQH�WHUDE\WH�RI�QHZ�WUDGH�GDWD�SHU
GD\�

� )DFHERRN�KRVWV�DSSUR[LPDWHO\����ELOOLRQ�SKRWRV��WDNLQJ�XS�RQH�SHWDE\WH�RI�VWRUDJH�

� $QFHVWU\�FRP��WKH�JHQHDORJ\�VLWH��VWRUHV�DURXQG�����SHWDE\WHV�RI�GDWD�

� 7KH�,QWHUQHW�$UFKLYH�VWRUHV�DURXQG���SHWDE\WHV�RI�GDWD�DQG�LV�JURZLQJ�DW�D�UDWH�RI
���WHUDE\WHV�SHU�PRQWK�

� 7KH� /DUJH� +DGURQ� &ROOLGHU� QHDU� *HQHYD�� 6ZLW]HUODQG�� ZLOO� SURGXFH� DERXW� ��
SHWDE\WHV�RI�GDWD�SHU�\HDU�

�� )URP�*DQW]�HW�DO���£7KH�'LYHUVH�DQG�([SORGLQJ�'LJLWDO�8QLYHUVH�¤�0DUFK�������KWWS���ZZZ�HPF�FRP�
FROODWHUDO�DQDO\VW�UHSRUWV�GLYHUVH�H[SORGLQJ�GLJLWDO�XQLYHUVH�SGI��

�� KWWS���ZZZ�LQWHOOLJHQWHQWHUSULVH�FRP�VKRZ$UWLFOH�MKWPO"DUWLFOH,' ����������� KWWS���PDVKDEOH�FRP�
�����������IDFHERRN����ELOOLRQ�SKRWRV��� KWWS���EORJ�IDPLO\WUHHPDJD]LQH�FRP�LQVLGHU�,QVLGH
�$QFHVWU\FRPV�7RS6HFUHW�'DWD�&HQWHU�DVS[�� KWWS���ZZZ�DUFKLYH�RUJ�DERXW�IDTV�SKS�� DQG� KWWS���ZZZ
�LQWHUDFWLRQV�RUJ�FPV�"SLG �������

1
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6R�WKHUH¦V�D�ORW�RI�GDWD�RXW�WKHUH��%XW�\RX�DUH�SUREDEO\�ZRQGHULQJ�KRZ�LW�DIIHFWV�\RX�
0RVW�RI�WKH�GDWD�LV�ORFNHG�XS�LQ�WKH�ODUJHVW�ZHE�SURSHUWLHV��OLNH�VHDUFK�HQJLQHV��RU�LQ
VFLHQWLILF�RU�ILQDQFLDO�LQVWLWXWLRQV��LVQ¦W�LW"�'RHV�WKH�DGYHQW�RI�£%LJ�'DWD�¤�DV�LW�LV�EHLQJ
FDOOHG��DIIHFW�VPDOOHU�RUJDQL]DWLRQV�RU�LQGLYLGXDOV"

,� DUJXH� WKDW� LW�GRHV��7DNH�SKRWRV�� IRU� H[DPSOH��0\�ZLIH¦V� JUDQGIDWKHU�ZDV� DQ�DYLG
SKRWRJUDSKHU�DQG�WRRN�SKRWRJUDSKV� WKURXJKRXW�KLV�DGXOW� OLIH��+LV�HQWLUH�FRUSXV�RI
PHGLXP�IRUPDW��VOLGH��DQG���PP�ILOP��ZKHQ�VFDQQHG�LQ�DW�KLJK�UHVROXWLRQ��RFFXSLHV
DURXQG����JLJDE\WHV��&RPSDUH�WKLV�WR�WKH�GLJLWDO�SKRWRV�WKDW�P\�IDPLO\�WRRN�LQ������
ZKLFK�WDNH�XS�DERXW���JLJDE\WHV�RI�VSDFH��0\�IDPLO\�LV�SURGXFLQJ�SKRWRJUDSKLF�GDWD
DW����WLPHV�WKH�UDWH�P\�ZLIH¦V�JUDQGIDWKHU¦V�GLG��DQG�WKH�UDWH�LV�LQFUHDVLQJ�HYHU\�\HDU�DV
LW�EHFRPHV�HDVLHU�WR�WDNH�PRUH�DQG�PRUH�SKRWRV�

0RUH�JHQHUDOO\��WKH�GLJLWDO�VWUHDPV�WKDW�LQGLYLGXDOV�DUH�SURGXFLQJ�DUH�JURZLQJ�DSDFH�
0LFURVRIW�5HVHDUFK¦V�0\/LIH%LWV�SURMHFW�JLYHV�D�JOLPSVH�RI�WKH�DUFKLYLQJ�RI�SHUVRQDO
LQIRUPDWLRQ� WKDW�PD\�EHFRPH�FRPPRQSODFH� LQ� WKH�QHDU� IXWXUH��0\/LIH%LWV�ZDV� DQ
H[SHULPHQW�ZKHUH�DQ�LQGLYLGXDO¦V�LQWHUDFWLRQV¢SKRQH�FDOOV��HPDLOV��GRFXPHQWV¢ZHUH
FDSWXUHG�HOHFWURQLFDOO\�DQG�VWRUHG�IRU�ODWHU�DFFHVV��7KH�GDWD�JDWKHUHG�LQFOXGHG�D�SKRWR
WDNHQ�HYHU\�PLQXWH��ZKLFK�UHVXOWHG�LQ�DQ�RYHUDOO�GDWD�YROXPH�RI�RQH�JLJDE\WH�SHU�PRQWK�
:KHQ�VWRUDJH�FRVWV�FRPH�GRZQ�HQRXJK�WR�PDNH�LW�IHDVLEOH�WR�VWRUH�FRQWLQXRXV�DXGLR
DQG�YLGHR��WKH�GDWD�YROXPH�IRU�D�IXWXUH�0\/LIH%LWV�VHUYLFH�ZLOO�EH�PDQ\�WLPHV�WKDW�

7KH�WUHQG�LV�IRU�HYHU\�LQGLYLGXDO¦V�GDWD�IRRWSULQW�WR�JURZ��EXW�SHUKDSV�PRUH�LPSRUWDQW�
WKH�DPRXQW�RI�GDWD�JHQHUDWHG�E\�PDFKLQHV�ZLOO�EH�HYHQ�JUHDWHU�WKDQ�WKDW�JHQHUDWHG�E\
SHRSOH�� 0DFKLQH� ORJV�� 5),'� UHDGHUV�� VHQVRU� QHWZRUNV�� YHKLFOH� *36� WUDFHV�� UHWDLO
WUDQVDFWLRQV¢DOO�RI�WKHVH�FRQWULEXWH�WR�WKH�JURZLQJ�PRXQWDLQ�RI�GDWD�

7KH�YROXPH�RI�GDWD�EHLQJ�PDGH�SXEOLFO\�DYDLODEOH�LQFUHDVHV�HYHU\�\HDU��WRR��2UJDQL]D�
WLRQV�QR�ORQJHU�KDYH�WR�PHUHO\�PDQDJH�WKHLU�RZQ�GDWD��VXFFHVV�LQ�WKH�IXWXUH�ZLOO�EH
GLFWDWHG�WR�D�ODUJH�H[WHQW�E\�WKHLU�DELOLW\�WR�H[WUDFW�YDOXH�IURP�RWKHU�RUJDQL]DWLRQV¦�GDWD�

,QLWLDWLYHV� VXFK�DV�3XEOLF�'DWD�6HWV�RQ�$PD]RQ�:HE�6HUYLFHV�� ,QIRFKLPSV�RUJ��DQG
WKHLQIR�RUJ�H[LVW�WR�IRVWHU�WKH�£LQIRUPDWLRQ�FRPPRQV�¤�ZKHUH�GDWD�FDQ�EH�IUHHO\��RU�LQ
WKH�FDVH�RI�$:6�� IRU�D�PRGHVW�SULFH�� VKDUHG� IRU�DQ\RQH� WR�GRZQORDG�DQG�DQDO\]H�
0DVKXSV�EHWZHHQ�GLIIHUHQW� LQIRUPDWLRQ� VRXUFHV�PDNH� IRU�XQH[SHFWHG� DQG�KLWKHUWR
XQLPDJLQDEOH�DSSOLFDWLRQV�

7DNH��IRU�H[DPSOH��WKH�$VWURPHWU\�QHW�SURMHFW��ZKLFK�ZDWFKHV�WKH�$VWURPHWU\�JURXS
RQ�)OLFNU�IRU�QHZ�SKRWRV�RI�WKH�QLJKW�VN\��,W�DQDO\]HV�HDFK�LPDJH�DQG�LGHQWLILHV�ZKLFK
SDUW�RI�WKH�VN\�LW�LV�IURP��DV�ZHOO�DV�DQ\�LQWHUHVWLQJ�FHOHVWLDO�ERGLHV��VXFK�DV�VWDUV�RU
JDOD[LHV��7KLV�SURMHFW�VKRZV�WKH�NLQG�RI�WKLQJV�WKDW�DUH�SRVVLEOH�ZKHQ�GDWD��LQ�WKLV�FDVH�
WDJJHG�SKRWRJUDSKLF�LPDJHV��LV�PDGH�DYDLODEOH�DQG�XVHG�IRU�VRPHWKLQJ��LPDJH�DQDO\VLV�
WKDW�ZDV�QRW�DQWLFLSDWHG�E\�WKH�FUHDWRU�

,W�KDV�EHHQ�VDLG�WKDW�£PRUH�GDWD�XVXDOO\�EHDWV�EHWWHU�DOJRULWKPV�¤�ZKLFK�LV�WR�VD\�WKDW
IRU�VRPH�SUREOHPV��VXFK�DV�UHFRPPHQGLQJ�PRYLHV�RU�PXVLF�EDVHG�RQ�SDVW�SUHIHUHQFHV��
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DQG�DQDO\]H�LW�

Data Storage and Analysis
7KH�SUREOHP�LV�VLPSOH��DOWKRXJK�WKH�VWRUDJH�FDSDFLWLHV�RI�KDUG�GULYHV�KDYH�LQFUHDVHG
PDVVLYHO\�RYHU�WKH�\HDUV��DFFHVV�VSHHGV¢WKH�UDWH�DW�ZKLFK�GDWD�FDQ�EH�UHDG�IURP�GULYHV
¢KDYH�QRW�NHSW�XS��2QH�W\SLFDO�GULYH�IURP������FRXOG�VWRUH�������0%�RI�GDWD�DQG�KDG
D�WUDQVIHU�VSHHG�RI�����0%�V���VR�\RX�FRXOG�UHDG�DOO�WKH�GDWD�IURP�D�IXOO�GULYH�LQ�DURXQG
ILYH�PLQXWHV��2YHU����\HDUV�ODWHU��RQH�WHUDE\WH�GULYHV�DUH�WKH�QRUP��EXW�WKH�WUDQVIHU
VSHHG�LV�DURXQG�����0%�V��VR�LW�WDNHV�PRUH�WKDQ�WZR�DQG�D�KDOI�KRXUV�WR�UHDG�DOO�WKH
GDWD�RII�WKH�GLVN�

7KLV�LV�D�ORQJ�WLPH�WR�UHDG�DOO�GDWD�RQ�D�VLQJOH�GULYH¢DQG�ZULWLQJ�LV�HYHQ�VORZHU��7KH
REYLRXV�ZD\�WR�UHGXFH�WKH�WLPH�LV�WR�UHDG�IURP�PXOWLSOH�GLVNV�DW�RQFH��,PDJLQH�LI�ZH
KDG�����GULYHV��HDFK�KROGLQJ�RQH�KXQGUHGWK�RI�WKH�GDWD��:RUNLQJ�LQ�SDUDOOHO��ZH�FRXOG
UHDG�WKH�GDWD�LQ�XQGHU�WZR�PLQXWHV�

8VLQJ�RQO\�RQH�KXQGUHGWK�RI�D�GLVN�PD\�VHHP�ZDVWHIXO��%XW�ZH�FDQ�VWRUH�RQH�KXQGUHG
GDWDVHWV��HDFK�RI�ZKLFK�LV�RQH�WHUDE\WH��DQG�SURYLGH�VKDUHG�DFFHVV�WR�WKHP��:H�FDQ
LPDJLQH�WKDW�WKH�XVHUV�RI�VXFK�D�V\VWHP�ZRXOG�EH�KDSS\�WR�VKDUH�DFFHVV�LQ�UHWXUQ�IRU
VKRUWHU�DQDO\VLV�WLPHV��DQG��VWDWLVWLFDOO\��WKDW�WKHLU�DQDO\VLV�MREV�ZRXOG�EH�OLNHO\�WR�EH
VSUHDG�RYHU�WLPH��VR�WKH\�ZRXOGQ¦W�LQWHUIHUH�ZLWK�HDFK�RWKHU�WRR�PXFK�

7KHUH¦V�PRUH�WR�EHLQJ�DEOH�WR�UHDG�DQG�ZULWH�GDWD�LQ�SDUDOOHO�WR�RU�IURP�PXOWLSOH�GLVNV�
WKRXJK�

7KH�ILUVW�SUREOHP�WR�VROYH�LV�KDUGZDUH�IDLOXUH��DV�VRRQ�DV�\RX�VWDUW�XVLQJ�PDQ\�SLHFHV
RI�KDUGZDUH��WKH�FKDQFH�WKDW�RQH�ZLOO�IDLO�LV�IDLUO\�KLJK��$�FRPPRQ�ZD\�RI�DYRLGLQJ�GDWD
ORVV�LV�WKURXJK�UHSOLFDWLRQ��UHGXQGDQW�FRSLHV�RI�WKH�GDWD�DUH�NHSW�E\�WKH�V\VWHP�VR�WKDW
LQ�WKH�HYHQW�RI�IDLOXUH��WKHUH�LV�DQRWKHU�FRS\�DYDLODEOH��7KLV�LV�KRZ�5$,'�ZRUNV��IRU
LQVWDQFH��DOWKRXJK�+DGRRS¦V�ILOHV\VWHP��WKH�+DGRRS�'LVWULEXWHG�)LOHV\VWHP��+')6��
WDNHV�D�VOLJKWO\�GLIIHUHQW�DSSURDFK��DV�\RX�VKDOO�VHH�ODWHU�

7KH�VHFRQG�SUREOHP�LV�WKDW�PRVW�DQDO\VLV�WDVNV�QHHG�WR�EH�DEOH�WR�FRPELQH�WKH�GDWD�LQ
VRPH�ZD\��DQG�GDWD�UHDG�IURP�RQH�GLVN�PD\�QHHG�WR�EH�FRPELQHG�ZLWK�WKH�GDWD�IURP
DQ\�RI�WKH�RWKHU����GLVNV��9DULRXV�GLVWULEXWHG�V\VWHPV�DOORZ�GDWD�WR�EH�FRPELQHG�IURP
PXOWLSOH�VRXUFHV��EXW�GRLQJ�WKLV�FRUUHFWO\�LV�QRWRULRXVO\�FKDOOHQJLQJ��0DS5HGXFH�SUR�
YLGHV�D�SURJUDPPLQJ�PRGHO�WKDW�DEVWUDFWV�WKH�SUREOHP�IURP�GLVN�UHDGV�DQG�ZULWHV�

�� 7KH�TXRWH� LV� IURP�$QDQG�5DMDUDPDQ�ZULWLQJ� DERXW� WKH�1HWIOL[�&KDOOHQJH� �KWWS���DQDQG�W\SHSDG�FRP�
GDWDZRFN\���������PRUH�GDWD�XVXDO�KWPO���$ORQ�+DOHY\��3HWHU�1RUYLJ��DQG�)HUQDQGR�3HUHLUD�PDNH�WKH
VDPH�SRLQW�LQ�£7KH�8QUHDVRQDEOH�(IIHFWLYHQHVV�RI�'DWD�¤�,(((�,QWHOOLJHQW�6\VWHPV��0DUFK�$SULO������

�� 7KHVH�VSHFLILFDWLRQV�DUH�IRU�WKH�6HDJDWH�67������Q�
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WUDQVIRUPLQJ�LW�LQWR�D�FRPSXWDWLRQ�RYHU�VHWV�RI�NH\V�DQG�YDOXHV��:H�ORRN�DW�WKH�GHWDLOV
RI�WKLV�PRGHO�LQ�ODWHU�FKDSWHUV��EXW�WKH�LPSRUWDQW�SRLQW�IRU�WKH�SUHVHQW�GLVFXVVLRQ�LV
WKDW�WKHUH�DUH�WZR�SDUWV�WR�WKH�FRPSXWDWLRQ��WKH�PDS�DQG�WKH�UHGXFH��DQG�LW¦V�WKH�LQ�
WHUIDFH�EHWZHHQ�WKH�WZR�ZKHUH�WKH�£PL[LQJ¤�RFFXUV��/LNH�+')6��0DS5HGXFH�KDV�EXLOW�
LQ�UHOLDELOLW\�

7KLV�� LQ�D�QXWVKHOO�� LV�ZKDW�+DGRRS�SURYLGHV��D�UHOLDEOH�VKDUHG�VWRUDJH�DQG�DQDO\VLV
V\VWHP��7KH�VWRUDJH�LV�SURYLGHG�E\�+')6�DQG�DQDO\VLV�E\�0DS5HGXFH��7KHUH�DUH�RWKHU
SDUWV�WR�+DGRRS��EXW�WKHVH�FDSDELOLWLHV�DUH�LWV�NHUQHO�

Comparison with Other Systems
7KH�DSSURDFK�WDNHQ�E\�0DS5HGXFH�PD\�VHHP�OLNH�D�EUXWH�IRUFH�DSSURDFK��7KH�SUHPLVH
LV�WKDW�WKH�HQWLUH�GDWDVHW¢RU�DW�OHDVW�D�JRRG�SRUWLRQ�RI�LW¢LV�SURFHVVHG�IRU�HDFK�TXHU\�
%XW�WKLV�LV�LWV�SRZHU��0DS5HGXFH�LV�D�EDWFK�TXHU\�SURFHVVRU��DQG�WKH�DELOLW\�WR�UXQ�DQ
DG�KRF�TXHU\�DJDLQVW�\RXU�ZKROH�GDWDVHW�DQG�JHW�WKH�UHVXOWV� LQ�D�UHDVRQDEOH�WLPH�LV
WUDQVIRUPDWLYH��,W�FKDQJHV�WKH�ZD\�\RX�WKLQN�DERXW�GDWD�DQG�XQORFNV�GDWD�WKDW�ZDV
SUHYLRXVO\�DUFKLYHG�RQ�WDSH�RU�GLVN��,W�JLYHV�SHRSOH�WKH�RSSRUWXQLW\�WR�LQQRYDWH�ZLWK
GDWD��4XHVWLRQV�WKDW�WRRN�WRR�ORQJ�WR�JHW�DQVZHUHG�EHIRUH�FDQ�QRZ�EH�DQVZHUHG��ZKLFK
LQ�WXUQ�OHDGV�WR�QHZ�TXHVWLRQV�DQG�QHZ�LQVLJKWV�

)RU�H[DPSOH��0DLOWUXVW��5DFNVSDFH¦V�PDLO�GLYLVLRQ��XVHG�+DGRRS�IRU�SURFHVVLQJ�HPDLO
ORJV��2QH�DG�KRF�TXHU\�WKH\�ZURWH�ZDV�WR�ILQG�WKH�JHRJUDSKLF�GLVWULEXWLRQ�RI�WKHLU�XVHUV�
,Q�WKHLU�ZRUGV�

7KLV�GDWD�ZDV�VR�XVHIXO�WKDW�ZH¦YH�VFKHGXOHG�WKH�0DS5HGXFH�MRE�WR�UXQ�PRQWKO\�DQG�ZH
ZLOO�EH�XVLQJ�WKLV�GDWD�WR�KHOS�XV�GHFLGH�ZKLFK�5DFNVSDFH�GDWD�FHQWHUV�WR�SODFH�QHZ�PDLO
VHUYHUV�LQ�DV�ZH�JURZ�

%\�EULQJLQJ�VHYHUDO�KXQGUHG�JLJDE\WHV�RI�GDWD�WRJHWKHU�DQG�KDYLQJ�WKH�WRROV�WR�DQDO\]H
LW��WKH�5DFNVSDFH�HQJLQHHUV�ZHUH�DEOH�WR�JDLQ�DQ�XQGHUVWDQGLQJ�RI�WKH�GDWD�WKDW�WKH\
RWKHUZLVH�ZRXOG�QHYHU�KDYH�KDG��DQG��IXUWKHUPRUH��WKH\�ZHUH�DEOH�WR�XVH�ZKDW�WKH\
KDG�OHDUQHG�WR�LPSURYH�WKH�VHUYLFH�IRU�WKHLU�FXVWRPHUV��<RX�FDQ�UHDG�PRUH�DERXW�KRZ
5DFNVSDFH�XVHV�+DGRRS�LQ�&KDSWHU����

Rational Database Management System
:K\�FDQ¦W�ZH�XVH�GDWDEDVHV�ZLWK�ORWV�RI�GLVNV�WR�GR�ODUJH�VFDOH�EDWFK�DQDO\VLV"�:K\�LV
0DS5HGXFH�QHHGHG"
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7KH�DQVZHU�WR�WKHVH�TXHVWLRQV�FRPHV�IURP�DQRWKHU�WUHQG�LQ�GLVN�GULYHV��VHHN�WLPH�LV
LPSURYLQJ�PRUH�VORZO\�WKDQ�WUDQVIHU�UDWH��6HHNLQJ�LV�WKH�SURFHVV�RI�PRYLQJ�WKH�GLVN¦V
KHDG�WR�D�SDUWLFXODU�SODFH�RQ�WKH�GLVN�WR�UHDG�RU�ZULWH�GDWD��,W�FKDUDFWHUL]HV�WKH�ODWHQF\
RI�D�GLVN�RSHUDWLRQ��ZKHUHDV�WKH�WUDQVIHU�UDWH�FRUUHVSRQGV�WR�D�GLVN¦V�EDQGZLGWK�

,I�WKH�GDWD�DFFHVV�SDWWHUQ�LV�GRPLQDWHG�E\�VHHNV��LW�ZLOO�WDNH�ORQJHU�WR�UHDG�RU�ZULWH�ODUJH
SRUWLRQV�RI�WKH�GDWDVHW�WKDQ�VWUHDPLQJ�WKURXJK�LW��ZKLFK�RSHUDWHV�DW�WKH�WUDQVIHU�UDWH�
2Q�WKH�RWKHU�KDQG��IRU�XSGDWLQJ�D�VPDOO�SURSRUWLRQ�RI�UHFRUGV�LQ�D�GDWDEDVH��D�WUDGL�
WLRQDO�%�7UHH��WKH�GDWD�VWUXFWXUH�XVHG�LQ�UHODWLRQDO�GDWDEDVHV��ZKLFK�LV�OLPLWHG�E\�WKH
UDWH�LW�FDQ�SHUIRUP�VHHNV��ZRUNV�ZHOO��)RU�XSGDWLQJ�WKH�PDMRULW\�RI�D�GDWDEDVH��D�%�7UHH
LV�OHVV�HIILFLHQW�WKDQ�0DS5HGXFH��ZKLFK�XVHV�6RUW�0HUJH�WR�UHEXLOG�WKH�GDWDEDVH�

,Q�PDQ\�ZD\V��0DS5HGXFH�FDQ�EH�VHHQ�DV�D�FRPSOHPHQW�WR�D�5DWLRQDO�'DWDEDVH�0DQ�
DJHPHQW�6\VWHP��5'%06����7KH�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�V\VWHPV�DUH�VKRZQ�LQ
7DEOH�������0DS5HGXFH�LV�D�JRRG�ILW�IRU�SUREOHPV�WKDW�QHHG�WR�DQDO\]H�WKH�ZKROH�GDWDVHW
LQ�D�EDWFK�IDVKLRQ��SDUWLFXODUO\�IRU�DG�KRF�DQDO\VLV��$Q�5'%06�LV�JRRG�IRU�SRLQW�TXHULHV
RU�XSGDWHV��ZKHUH�WKH�GDWDVHW�KDV�EHHQ�LQGH[HG�WR�GHOLYHU� ORZ�ODWHQF\�UHWULHYDO�DQG
XSGDWH�WLPHV�RI�D�UHODWLYHO\�VPDOO�DPRXQW�RI�GDWD��0DS5HGXFH�VXLWV�DSSOLFDWLRQV�ZKHUH
WKH�GDWD�LV�ZULWWHQ�RQFH�DQG�UHDG�PDQ\�WLPHV��ZKHUHDV�D�UHODWLRQDO�GDWDEDVH�LV�JRRG�IRU
GDWDVHWV�WKDW�DUH�FRQWLQXDOO\�XSGDWHG�

7DEOH������5'%06�FRPSDUHG�WR�0DS5HGXFH

 Traditional RDBMS MapReduce

Data size Gigabytes Petabytes

Access Interactive and batch Batch

Updates Read and write many times Write once, read many times

Structure Static schema Dynamic schema

Integrity High Low

Scaling Nonlinear Linear

$QRWKHU�GLIIHUHQFH�EHWZHHQ�0DS5HGXFH�DQG�DQ�5'%06�LV�WKH�DPRXQW�RI�VWUXFWXUH�LQ
WKH�GDWDVHWV�RQ�ZKLFK�WKH\�RSHUDWH��6WUXFWXUHG�GDWD�LV�GDWD�WKDW�LV�RUJDQL]HG�LQWR�HQWLWLHV
WKDW�KDYH�D�GHILQHG�IRUPDW��VXFK�DV�;0/�GRFXPHQWV�RU�GDWDEDVH�WDEOHV�WKDW�FRQIRUP
WR�D�SDUWLFXODU�SUHGHILQHG�VFKHPD��7KLV�LV�WKH�UHDOP�RI�WKH�5'%06��6HPL�VWUXFWXUHG
GDWD��RQ�WKH�RWKHU�KDQG��LV�ORRVHU��DQG�WKRXJK�WKHUH�PD\�EH�D�VFKHPD��LW�LV�RIWHQ�LJQRUHG�
VR�LW�PD\�EH�XVHG�RQO\�DV�D�JXLGH�WR�WKH�VWUXFWXUH�RI�WKH�GDWD��IRU�H[DPSOH��D�VSUHDGVKHHW�
LQ�ZKLFK�WKH�VWUXFWXUH�LV�WKH�JULG�RI�FHOOV��DOWKRXJK�WKH�FHOOV�WKHPVHOYHV�PD\�KROG�DQ\
IRUP�RI�GDWD��8QVWUXFWXUHG�GDWD�GRHV�QRW�KDYH�DQ\�SDUWLFXODU� LQWHUQDO�VWUXFWXUH�� IRU
H[DPSOH��SODLQ�WH[W�RU�LPDJH�GDWD��0DS5HGXFH�ZRUNV�ZHOO�RQ�XQVWUXFWXUHG�RU�VHPL�
VWUXFWXUHG�GDWD�EHFDXVH�LW�LV�GHVLJQHG�WR�LQWHUSUHW�WKH�GDWD�DW�SURFHVVLQJ�WLPH��,Q�RWKHU
ZRUGV��WKH�LQSXW�NH\V�DQG�YDOXHV�IRU�0DS5HGXFH�DUH�QRW�LQWULQVLF�SURSHUWLHV�RI�WKH�GDWD�
EXW�WKH\�DUH�FKRVHQ�E\�WKH�SHUVRQ�DQDO\]LQJ�WKH�GDWD�
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5HODWLRQDO� GDWD� LV� RIWHQ� QRUPDOL]HG� WR� UHWDLQ� LWV� LQWHJULW\� DQG� UHPRYH� UHGXQGDQF\�
1RUPDOL]DWLRQ�SRVHV�SUREOHPV�IRU�0DS5HGXFH�EHFDXVH� LW�PDNHV�UHDGLQJ�D�UHFRUG�D
QRQORFDO�RSHUDWLRQ��DQG�RQH�RI�WKH�FHQWUDO�DVVXPSWLRQV�WKDW�0DS5HGXFH�PDNHV�LV�WKDW
LW�LV�SRVVLEOH�WR�SHUIRUP��KLJK�VSHHG��VWUHDPLQJ�UHDGV�DQG�ZULWHV�

$�ZHE�VHUYHU�ORJ�LV�D�JRRG�H[DPSOH�RI�D�VHW�RI�UHFRUGV�WKDW�LV�QRW�QRUPDOL]HG��IRU�H[�
DPSOH��WKH�FOLHQW�KRVWQDPHV�DUH�VSHFLILHG�LQ�IXOO�HDFK�WLPH��HYHQ�WKRXJK�WKH�VDPH�FOLHQW
PD\�DSSHDU�PDQ\�WLPHV���DQG�WKLV�LV�RQH�UHDVRQ�WKDW�ORJILOHV�RI�DOO�NLQGV�DUH�SDUWLFXODUO\
ZHOO�VXLWHG�WR�DQDO\VLV�ZLWK�0DS5HGXFH�

0DS5HGXFH� LV�D� OLQHDUO\�VFDODEOH�SURJUDPPLQJ�PRGHO��7KH�SURJUDPPHU�ZULWHV�WZR
IXQFWLRQV¢D�PDS�IXQFWLRQ�DQG�D�UHGXFH�IXQFWLRQ¢HDFK�RI�ZKLFK�GHILQHV�D�PDSSLQJ
IURP�RQH�VHW�RI�NH\�YDOXH�SDLUV�WR�DQRWKHU��7KHVH�IXQFWLRQV�DUH�REOLYLRXV�WR�WKH�VL]H�RI
WKH�GDWD�RU�WKH�FOXVWHU�WKDW�WKH\�DUH�RSHUDWLQJ�RQ��VR�WKH\�FDQ�EH�XVHG�XQFKDQJHG�IRU�D
VPDOO�GDWDVHW�DQG�IRU�D�PDVVLYH�RQH��0RUH�LPSRUWDQW��LI�\RX�GRXEOH�WKH�VL]H�RI�WKH�LQSXW
GDWD��D�MRE�ZLOO�UXQ�WZLFH�DV�VORZ��%XW�LI�\RX�DOVR�GRXEOH�WKH�VL]H�RI�WKH�FOXVWHU��D�MRE
ZLOO�UXQ�DV�IDVW�DV�WKH�RULJLQDO�RQH��7KLV�LV�QRW�JHQHUDOO\�WUXH�RI�64/�TXHULHV�

2YHU�WLPH��KRZHYHU��WKH�GLIIHUHQFHV�EHWZHHQ�UHODWLRQDO�GDWDEDVHV�DQG�0DS5HGXFH�V\V�
WHPV�DUH�OLNHO\�WR�EOXU¢ERWK�DV�UHODWLRQDO�GDWDEDVHV�VWDUW�LQFRUSRUDWLQJ�VRPH�RI�WKH
LGHDV�IURP�0DS5HGXFH��VXFK�DV�$VWHU�'DWD¦V�DQG�*UHHQSOXP¦V�GDWDEDVHV��DQG��IURP
WKH�RWKHU�GLUHFWLRQ��DV�KLJKHU�OHYHO�TXHU\�ODQJXDJHV�EXLOW�RQ�0DS5HGXFH��VXFK�DV�3LJ
DQG� +LYH�� PDNH� 0DS5HGXFH� V\VWHPV� PRUH� DSSURDFKDEOH� IRU� WUDGLWLRQDO� GDWDEDVH
SURJUDPPHUV��

Grid Computing
7KH�+LJK�3HUIRUPDQFH�&RPSXWLQJ� �+3&�� DQG�*ULG�&RPSXWLQJ� FRPPXQLWLHV�KDYH
EHHQ�GRLQJ�ODUJH�VFDOH�GDWD�SURFHVVLQJ�IRU�\HDUV��XVLQJ�VXFK�$SSOLFDWLRQ�3URJUDP�,Q�
WHUIDFHV��$3,V��DV�0HVVDJH�3DVVLQJ�,QWHUIDFH��03,���%URDGO\��WKH�DSSURDFK�LQ�+3&�LV�WR
GLVWULEXWH� WKH�ZRUN�DFURVV�D� FOXVWHU�RI�PDFKLQHV��ZKLFK�DFFHVV� D� VKDUHG� ILOHV\VWHP�
KRVWHG�E\�D�6WRUDJH�$UHD�1HWZRUN��6$1���7KLV�ZRUNV�ZHOO�IRU�SUHGRPLQDQWO\�FRPSXWH�
LQWHQVLYH�MREV��EXW�LW�EHFRPHV�D�SUREOHP�ZKHQ�QRGHV�QHHG�WR�DFFHVV�ODUJHU�GDWD�YROXPHV
�KXQGUHGV�RI�JLJDE\WHV��WKH�SRLQW�DW�ZKLFK�0DS5HGXFH�UHDOO\�VWDUWV�WR�VKLQH���VLQFH�WKH
QHWZRUN�EDQGZLGWK�LV�WKH�ERWWOHQHFN�DQG�FRPSXWH�QRGHV�EHFRPH�LGOH�

�� ,Q�-DQXDU\�������'DYLG�-��'H:LWW�DQG�0LFKDHO�6WRQHEUDNHU�FDXVHG�D�VWLU�E\�SXEOLVKLQJ�£0DS5HGXFH��$
PDMRU�VWHS�EDFNZDUGV�¤�LQ�ZKLFK�WKH\�FULWLFL]HG�0DS5HGXFH�IRU�EHLQJ�D�SRRU�VXEVWLWXWH�IRU�UHODWLRQDO
GDWDEDVHV��0DQ\�FRPPHQWDWRUV�DUJXHG�WKDW�LW�ZDV�D�IDOVH�FRPSDULVRQ��VHH��IRU�H[DPSOH��0DUN�&��&KX�
&DUUROO¦V�£'DWDEDVHV�DUH�KDPPHUV��0DS5HGXFH�LV�D�VFUHZGULYHU�¤�DQG�'H:LWW�DQG�6WRQHEUDNHU�IROORZHG
XS�ZLWK�£0DS5HGXFH�,,�¤�ZKHUH�WKH\�DGGUHVVHG�WKH�PDLQ�WRSLFV�EURXJKW�XS�E\�RWKHUV�
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0DS5HGXFH�WULHV�WR�FROORFDWH�WKH�GDWD�ZLWK�WKH�FRPSXWH�QRGH��VR�GDWD�DFFHVV�LV�IDVW
EHFDXVH�LW�LV�ORFDO���7KLV�IHDWXUH��NQRZQ�DV�GDWD�ORFDOLW\��LV�DW�WKH�KHDUW�RI�0DS5HGXFH
DQG�LV�WKH�UHDVRQ�IRU�LWV�JRRG�SHUIRUPDQFH��5HFRJQL]LQJ�WKDW�QHWZRUN�EDQGZLGWK�LV�WKH
PRVW�SUHFLRXV�UHVRXUFH�LQ�D�GDWD�FHQWHU�HQYLURQPHQW��LW�LV�HDV\�WR�VDWXUDWH�QHWZRUN�OLQNV
E\�FRS\LQJ�GDWD�DURXQG���0DS5HGXFH�LPSOHPHQWDWLRQV�JR�WR�JUHDW�OHQJWKV�WR�FRQVHUYH
LW�E\�H[SOLFLWO\�PRGHOOLQJ�QHWZRUN�WRSRORJ\��1RWLFH� WKDW� WKLV�DUUDQJHPHQW�GRHV�QRW
SUHFOXGH�KLJK�&38�DQDO\VHV�LQ�0DS5HGXFH�

03,�JLYHV�JUHDW�FRQWURO�WR�WKH�SURJUDPPHU��EXW�UHTXLUHV�WKDW�KH�H[SOLFLWO\�KDQGOH�WKH
PHFKDQLFV�RI�WKH�GDWD�IORZ��H[SRVHG�YLD�ORZ�OHYHO�&�URXWLQHV�DQG�FRQVWUXFWV�VXFK�DV
VRFNHWV��DV�ZHOO�DV�WKH�KLJKHU�OHYHO�DOJRULWKP�IRU�WKH�DQDO\VLV��0DS5HGXFH�RSHUDWHV�RQO\
DW�WKH�KLJKHU�OHYHO��WKH�SURJUDPPHU�WKLQNV�LQ�WHUPV�RI�IXQFWLRQV�RI�NH\�DQG�YDOXH�SDLUV�
DQG�WKH�GDWD�IORZ�LV�LPSOLFLW�

&RRUGLQDWLQJ�WKH�SURFHVVHV�LQ�D�ODUJH�VFDOH�GLVWULEXWHG�FRPSXWDWLRQ�LV�D�FKDOOHQJH��7KH
KDUGHVW�DVSHFW�LV�JUDFHIXOO\�KDQGOLQJ�SDUWLDO�IDLOXUH¢ZKHQ�\RX�GRQ¦W�NQRZ�ZKHWKHU�RU
QRW�D�UHPRWH�SURFHVV�KDV�IDLOHG¢DQG�VWLOO�PDNLQJ�SURJUHVV�ZLWK�WKH�RYHUDOO�FRPSXWD�
WLRQ��0DS5HGXFH�VSDUHV�WKH�SURJUDPPHU�IURP�KDYLQJ�WR�WKLQN�DERXW�IDLOXUH��VLQFH�WKH
LPSOHPHQWDWLRQ�GHWHFWV�IDLOHG�PDS�RU�UHGXFH�WDVNV�DQG�UHVFKHGXOHV�UHSODFHPHQWV�RQ
PDFKLQHV�WKDW�DUH�KHDOWK\��0DS5HGXFH�LV�DEOH�WR�GR�WKLV�EHFDXVH�LW�LV�D�VKDUHG�QRWK�
LQJ�DUFKLWHFWXUH��PHDQLQJ�WKDW�WDVNV�KDYH�QR�GHSHQGHQFH�RQ�RQH�RWKHU���7KLV�LV�D�VOLJKW
RYHUVLPSOLILFDWLRQ��VLQFH�WKH�RXWSXW�IURP�PDSSHUV�LV�IHG�WR�WKH�UHGXFHUV��EXW�WKLV�LV
XQGHU�WKH�FRQWURO�RI�WKH�0DS5HGXFH�V\VWHP��LQ�WKLV�FDVH��LW�QHHGV�WR�WDNH�PRUH�FDUH
UHUXQQLQJ�D�IDLOHG�UHGXFHU�WKDQ�UHUXQQLQJ�D�IDLOHG�PDS�EHFDXVH�LW�KDV�WR�PDNH�VXUH�LW
FDQ�UHWULHYH�WKH�QHFHVVDU\�PDS�RXWSXWV��DQG�LI�QRW��UHJHQHUDWH�WKHP�E\�UXQQLQJ�WKH
UHOHYDQW�PDSV�DJDLQ���6R�IURP�WKH�SURJUDPPHU¦V�SRLQW�RI�YLHZ��WKH�RUGHU�LQ�ZKLFK�WKH
WDVNV�UXQ�GRHVQ¦W�PDWWHU��%\�FRQWUDVW��03,�SURJUDPV�KDYH�WR�H[SOLFLWO\�PDQDJH�WKHLU
RZQ�FKHFNSRLQWLQJ�DQG�UHFRYHU\��ZKLFK�JLYHV�PRUH�FRQWURO� WR�WKH�SURJUDPPHU�EXW
PDNHV�WKHP�PRUH�GLIILFXOW�WR�ZULWH�

0DS5HGXFH�PLJKW�VRXQG�OLNH�TXLWH�D�UHVWULFWLYH�SURJUDPPLQJ�PRGHO��DQG�LQ�D�VHQVH�LW
LV��\RX�DUH�OLPLWHG�WR�NH\�DQG�YDOXH�W\SHV�WKDW�DUH�UHODWHG�LQ�VSHFLILHG�ZD\V��DQG�PDSSHUV
DQG�UHGXFHUV�UXQ�ZLWK�YHU\�OLPLWHG�FRRUGLQDWLRQ�EHWZHHQ�RQH�DQRWKHU��WKH�PDSSHUV
SDVV�NH\V�DQG�YDOXHV�WR�UHGXFHUV���$�QDWXUDO�TXHVWLRQ�WR�DVN�LV��FDQ�\RX�GR�DQ\WKLQJ
XVHIXO�RU�QRQWULYLDO�ZLWK�LW"

7KH�DQVZHU�LV�\HV��0DS5HGXFH�ZDV�LQYHQWHG�E\�HQJLQHHUV�DW�*RRJOH�DV�D�V\VWHP�IRU
EXLOGLQJ�SURGXFWLRQ�VHDUFK�LQGH[HV�EHFDXVH�WKH\�IRXQG�WKHPVHOYHV�VROYLQJ�WKH�VDPH
SUREOHP�RYHU�DQG�RYHU�DJDLQ��DQG�0DS5HGXFH�ZDV�LQVSLUHG�E\�ROGHU�LGHDV�IURP�WKH
IXQFWLRQDO�SURJUDPPLQJ��GLVWULEXWHG�FRPSXWLQJ��DQG�GDWDEDVH�FRPPXQLWLHV���EXW�LW
KDV�VLQFH�EHHQ�XVHG�IRU�PDQ\�RWKHU�DSSOLFDWLRQV�LQ�PDQ\�RWKHU�LQGXVWULHV��,W�LV�SOHDVDQWO\
VXUSULVLQJ�WR�VHH�WKH�UDQJH�RI�DOJRULWKPV�WKDW�FDQ�EH�H[SUHVVHG�LQ�0DS5HGXFH��IURP

�� -LP�*UD\�ZDV�DQ�HDUO\�DGYRFDWH�RI�SXWWLQJ�WKH�FRPSXWDWLRQ�QHDU�WKH�GDWD��6HH�£'LVWULEXWHG�&RPSXWLQJ
(FRQRPLFV�¤�0DUFK�������KWWS���UHVHDUFK�PLFURVRIW�FRP�DSSV�SXEV�GHIDXOW�DVS["LG ������
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LPDJH�DQDO\VLV�� WR� JUDSK�EDVHG�SUREOHPV�� WR�PDFKLQH� OHDUQLQJ�DOJRULWKPV��� ,W� FDQ¦W
VROYH�HYHU\�SUREOHP��RI�FRXUVH��EXW�LW�LV�D�JHQHUDO�GDWD�SURFHVVLQJ�WRRO�

<RX�FDQ�VHH�D�VDPSOH�RI�VRPH�RI�WKH�DSSOLFDWLRQV�WKDW�+DGRRS�KDV�EHHQ�XVHG�IRU�LQ
&KDSWHU����

Volunteer Computing
:KHQ�SHRSOH� ILUVW�KHDU�DERXW�+DGRRS�DQG�0DS5HGXFH�� WKH\�RIWHQ�DVN��£+RZ� LV� LW
GLIIHUHQW�IURP�6(7,#KRPH"¤�6(7,��WKH�6HDUFK�IRU�([WUD�7HUUHVWULDO�,QWHOOLJHQFH��UXQV
D�SURMHFW�FDOOHG�6(7,#KRPH�LQ�ZKLFK�YROXQWHHUV�GRQDWH�&38�WLPH�IURP�WKHLU�RWKHUZLVH
LGOH�FRPSXWHUV�WR�DQDO\]H�UDGLR�WHOHVFRSH�GDWD�IRU�VLJQV�RI�LQWHOOLJHQW�OLIH�RXWVLGH�HDUWK�
6(7,#KRPH�LV�WKH�PRVW�ZHOO�NQRZQ�RI�PDQ\�YROXQWHHU�FRPSXWLQJ�SURMHFWV��RWKHUV�LQ�
FOXGH�WKH�*UHDW�,QWHUQHW�0HUVHQQH�3ULPH�6HDUFK��WR�VHDUFK�IRU�ODUJH�SULPH�QXPEHUV�
DQG�)ROGLQJ#KRPH��WR�XQGHUVWDQG�SURWHLQ�IROGLQJ�DQG�KRZ�LW�UHODWHV�WR�GLVHDVH��

9ROXQWHHU� FRPSXWLQJ� SURMHFWV� ZRUN� E\� EUHDNLQJ� WKH� SUREOHP� WKH\� DUH� WU\LQJ� WR
VROYH�LQWR�FKXQNV�FDOOHG�ZRUN�XQLWV��ZKLFK�DUH�VHQW�WR�FRPSXWHUV�DURXQG�WKH�ZRUOG�WR
EH�DQDO\]HG��)RU�H[DPSOH��D�6(7,#KRPH�ZRUN�XQLW�LV�DERXW������0%�RI�UDGLR�WHOHVFRSH
GDWD��DQG�WDNHV�KRXUV�RU�GD\V�WR�DQDO\]H�RQ�D�W\SLFDO�KRPH�FRPSXWHU��:KHQ�WKH�DQDO\VLV
LV�FRPSOHWHG��WKH�UHVXOWV�DUH�VHQW�EDFN�WR�WKH�VHUYHU��DQG�WKH�FOLHQW�JHWV�DQRWKHU�ZRUN
XQLW��$V�D�SUHFDXWLRQ� WR�FRPEDW�FKHDWLQJ�� HDFK�ZRUN�XQLW� LV� VHQW� WR� WKUHH�GLIIHUHQW
PDFKLQHV�DQG�QHHGV�DW�OHDVW�WZR�UHVXOWV�WR�DJUHH�WR�EH�DFFHSWHG�

$OWKRXJK�6(7,#KRPH�PD\�EH�VXSHUILFLDOO\�VLPLODU�WR�0DS5HGXFH��EUHDNLQJ�D�SUREOHP
LQWR�LQGHSHQGHQW�SLHFHV�WR�EH�ZRUNHG�RQ�LQ�SDUDOOHO���WKHUH�DUH�VRPH�VLJQLILFDQW�GLIIHU�
HQFHV��7KH�6(7,#KRPH�SUREOHP�LV�YHU\�&38�LQWHQVLYH��ZKLFK�PDNHV�LW�VXLWDEOH�IRU
UXQQLQJ�RQ�KXQGUHGV�RI�WKRXVDQGV�RI�FRPSXWHUV�DFURVV�WKH�ZRUOG��EHFDXVH�WKH�WLPH�WR
WUDQVIHU�WKH�ZRUN�XQLW�LV�GZDUIHG�E\�WKH�WLPH�WR�UXQ�WKH�FRPSXWDWLRQ�RQ�LW��9ROXQWHHUV
DUH�GRQDWLQJ�&38�F\FOHV��QRW�EDQGZLGWK�

0DS5HGXFH�LV�GHVLJQHG�WR�UXQ�MREV�WKDW�ODVW�PLQXWHV�RU�KRXUV�RQ�WUXVWHG��GHGLFDWHG
KDUGZDUH�UXQQLQJ�LQ�D�VLQJOH�GDWD�FHQWHU�ZLWK�YHU\�KLJK�DJJUHJDWH�EDQGZLGWK�LQWHU�
FRQQHFWV�� %\� FRQWUDVW�� 6(7,#KRPH� UXQV� D� SHUSHWXDO� FRPSXWDWLRQ� RQ� XQWUXVWHG
PDFKLQHV�RQ�WKH�,QWHUQHW�ZLWK�KLJKO\�YDULDEOH�FRQQHFWLRQ�VSHHGV�DQG�QR�GDWD�ORFDOLW\�

�� $SDFKH�0DKRXW� �KWWS���PDKRXW�DSDFKH�RUJ��� LV� D� SURMHFW� WR� EXLOG�PDFKLQH�OHDUQLQJ� OLEUDULHV� �VXFK� DV
FODVVLILFDWLRQ�DQG�FOXVWHULQJ�DOJRULWKPV��WKDW�UXQ�RQ�+DGRRS�

�� ,Q�-DQXDU\�������6(7,#KRPH�ZDV�UHSRUWHG�DW�KWWS���ZZZ�SODQHWDU\�RUJ�SURJUDPV�SURMHFWV�VHWLDWKRPH�
VHWLDWKRPHB���������KWPO�WR�EH�SURFHVVLQJ�����JLJDE\WHV�D�GD\��XVLQJ���������FRPSXWHUV��PRVW�RI�ZKLFK
DUH�QRW�GHGLFDWHG�WR�6(7,#KRPH��WKH\�DUH�XVHG�IRU�RWKHU�WKLQJV��WRR��
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A Brief History of Hadoop
+DGRRS�ZDV�FUHDWHG�E\�'RXJ�&XWWLQJ��WKH�FUHDWRU�RI�$SDFKH�/XFHQH��WKH�ZLGHO\�XVHG
WH[W�VHDUFK�OLEUDU\��+DGRRS�KDV�LWV�RULJLQV�LQ�$SDFKH�1XWFK��DQ�RSHQ�VRXUFH�ZHE�VHDUFK
HQJLQH��LWVHOI�D�SDUW�RI�WKH�/XFHQH�SURMHFW�

The Origin of the Name “Hadoop”
7KH�QDPH�+DGRRS�LV�QRW�DQ�DFURQ\P��LW¦V�D�PDGH�XS�QDPH��7KH�SURMHFW¦V�FUHDWRU��'RXJ
&XWWLQJ��H[SODLQV�KRZ�WKH�QDPH�FDPH�DERXW�

7KH�QDPH�P\�NLG�JDYH�D�VWXIIHG�\HOORZ�HOHSKDQW��6KRUW��UHODWLYHO\�HDV\�WR�VSHOO�DQG
SURQRXQFH��PHDQLQJOHVV��DQG�QRW�XVHG�HOVHZKHUH��WKRVH�DUH�P\�QDPLQJ�FULWHULD�
.LGV�DUH�JRRG�DW�JHQHUDWLQJ�VXFK��*RRJRO�LV�D�NLG¦V�WHUP�

6XESURMHFWV�DQG�£FRQWULE¤�PRGXOHV�LQ�+DGRRS�DOVR�WHQG�WR�KDYH�QDPHV�WKDW�DUH�XQUH�
ODWHG� WR� WKHLU� IXQFWLRQ�� RIWHQ� ZLWK� DQ� HOHSKDQW� RU� RWKHU� DQLPDO� WKHPH� �£3LJ�¤� IRU
H[DPSOH���6PDOOHU�FRPSRQHQWV�DUH�JLYHQ�PRUH�GHVFULSWLYH��DQG�WKHUHIRUH�PRUH�PXQ�
GDQH��QDPHV��7KLV�LV�D�JRRG�SULQFLSOH��DV�LW�PHDQV�\RX�FDQ�JHQHUDOO\�ZRUN�RXW�ZKDW
VRPHWKLQJ�GRHV�IURP�LWV�QDPH��)RU�H[DPSOH��WKH�MREWUDFNHU��NHHSV�WUDFN�RI�0DS5HGXFH
MREV�

%XLOGLQJ�D�ZHE�VHDUFK�HQJLQH�IURP�VFUDWFK�ZDV�DQ�DPELWLRXV�JRDO��IRU�QRW�RQO\�LV�WKH
VRIWZDUH�UHTXLUHG�WR�FUDZO�DQG�LQGH[�ZHEVLWHV�FRPSOH[�WR�ZULWH��EXW�LW�LV�DOVR�D�FKDOOHQJH
WR�UXQ�ZLWKRXW�D�GHGLFDWHG�RSHUDWLRQV�WHDP��VLQFH�WKHUH�DUH�VR�PDQ\�PRYLQJ�SDUWV��,W¦V
H[SHQVLYH�� WRR��0LNH�&DIDUHOOD� DQG�'RXJ�&XWWLQJ� HVWLPDWHG� D� V\VWHP� VXSSRUWLQJ� D
RQH�ELOOLRQ�SDJH�LQGH[�ZRXOG�FRVW�DURXQG�KDOI�D�PLOOLRQ�GROODUV�LQ�KDUGZDUH��ZLWK�D
PRQWKO\�UXQQLQJ�FRVW�RI������������1HYHUWKHOHVV��WKH\�EHOLHYHG�LW�ZDV�D�ZRUWK\�JRDO�
DV�LW�ZRXOG�RSHQ�XS�DQG�XOWLPDWHO\�GHPRFUDWL]H�VHDUFK�HQJLQH�DOJRULWKPV�

1XWFK�ZDV�VWDUWHG�LQ�������DQG�D�ZRUNLQJ�FUDZOHU�DQG�VHDUFK�V\VWHP�TXLFNO\�HPHUJHG�
+RZHYHU��WKH\�UHDOL]HG�WKDW�WKHLU�DUFKLWHFWXUH�ZRXOGQ¦W�VFDOH�WR�WKH�ELOOLRQV�RI�SDJHV�RQ
WKH�:HE��+HOS�ZDV�DW�KDQG�ZLWK�WKH�SXEOLFDWLRQ�RI�D�SDSHU�LQ������WKDW�GHVFULEHG�WKH
DUFKLWHFWXUH�RI�*RRJOH¦V�GLVWULEXWHG�ILOHV\VWHP��FDOOHG�*)6��ZKLFK�ZDV�EHLQJ�XVHG�LQ
SURGXFWLRQ�DW�*RRJOH����*)6��RU�VRPHWKLQJ�OLNH�LW��ZRXOG�VROYH�WKHLU�VWRUDJH�QHHGV�IRU
WKH�YHU\�ODUJH�ILOHV�JHQHUDWHG�DV�D�SDUW�RI�WKH�ZHE�FUDZO�DQG�LQGH[LQJ�SURFHVV��,Q�SDU�
WLFXODU��*)6�ZRXOG�IUHH�XS�WLPH�EHLQJ�VSHQW�RQ�DGPLQLVWUDWLYH�WDVNV�VXFK�DV�PDQDJLQJ
VWRUDJH�QRGHV��,Q�������WKH\�VHW�DERXW�ZULWLQJ�DQ�RSHQ�VRXUFH�LPSOHPHQWDWLRQ��WKH�
1XWFK�'LVWULEXWHG�)LOHV\VWHP��1')6��

�� ,Q�WKLV�ERRN��ZH�XVH�WKH�ORZHUFDVH�IRUP��£MREWUDFNHU�¤�WR�GHQRWH�WKH�HQWLW\�ZKHQ�LW¦V�EHLQJ�UHIHUUHG
WR�JHQHUDOO\��DQG�WKH�&DPHO&DVH�IRUP�JobTracker�WR�GHQRWH�WKH�-DYD�FODVV�WKDW�LPSOHPHQWV�LW�

��� 6HH�0LNH�&DIDUHOOD�DQG�'RXJ�&XWWLQJ��£%XLOGLQJ�1XWFK��2SHQ�6RXUFH�6HDUFK�¤�$&0�4XHXH��$SULO������
KWWS���TXHXH�DFP�RUJ�GHWDLO�FIP"LG �������

��� 6DQMD\�*KHPDZDW��+RZDUG�*RELRII��DQG�6KXQ�7DN�/HXQJ��£7KH�*RRJOH�)LOH�6\VWHP�¤�2FWREHU������
KWWS���ODEV�JRRJOH�FRP�SDSHUV�JIV�KWPO�
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,Q�������*RRJOH�SXEOLVKHG�WKH�SDSHU�WKDW�LQWURGXFHG�0DS5HGXFH�WR�WKH�ZRUOG����(DUO\
LQ�������WKH�1XWFK�GHYHORSHUV�KDG�D�ZRUNLQJ�0DS5HGXFH�LPSOHPHQWDWLRQ�LQ�1XWFK�
DQG�E\�WKH�PLGGOH�RI�WKDW�\HDU��$OO�WKH�PDMRU�1XWFK�DOJRULWKPV�KDG�EHHQ�SRUWHG�WR�UXQ
XVLQJ�0DS5HGXFH�DQG�1')6�

1')6�DQG�WKH�0DS5HGXFH�LPSOHPHQWDWLRQ�LQ�1XWFK�ZHUH�DSSOLFDEOH�EH\RQG�WKH�UHDOP
RI�VHDUFK��DQG� LQ�)HEUXDU\������WKH\�PRYHG�RXW�RI�1XWFK�WR� IRUP�DQ� LQGHSHQGHQW
VXESURMHFW�RI�/XFHQH�FDOOHG�+DGRRS��$W�DURXQG�WKH�VDPH�WLPH��'RXJ�&XWWLQJ�MRLQHG
<DKRR���ZKLFK�SURYLGHG�D�GHGLFDWHG�WHDP�DQG�WKH�UHVRXUFHV�WR�WXUQ�+DGRRS�LQWR�D
V\VWHP�WKDW�UDQ�DW�ZHE�VFDOH��VHH�WKH�VLGHEDU�£+DGRRS�DW�<DKRR�¤�RQ�SDJH������7KLV
ZDV�GHPRQVWUDWHG�LQ�)HEUXDU\������ZKHQ�<DKRR��DQQRXQFHG�WKDW�LWV�SURGXFWLRQ�VHDUFK
LQGH[�ZDV�EHLQJ�JHQHUDWHG�E\�D��������FRUH�+DGRRS�FOXVWHU���

,Q�-DQXDU\�������+DGRRS�ZDV�PDGH�LWV�RZQ�WRS�OHYHO�SURMHFW�DW�$SDFKH��FRQILUPLQJ�LWV
VXFFHVV�DQG�LWV�GLYHUVH��DFWLYH�FRPPXQLW\��%\�WKLV�WLPH��+DGRRS�ZDV�EHLQJ�XVHG�E\
PDQ\�RWKHU�FRPSDQLHV�EHVLGHV�<DKRR���VXFK�DV�/DVW�IP��)DFHERRN��DQG�WKH�1HZ�<RUN
7LPHV��6RPH�DSSOLFDWLRQV�DUH�FRYHUHG� LQ� WKH�FDVH�VWXGLHV� LQ�&KDSWHU����DQG�RQ�WKH
+DGRRS�ZLNL�

,Q�RQH�ZHOO�SXEOLFL]HG�IHDW��WKH�1HZ�<RUN�7LPHV�XVHG�$PD]RQ¦V�(&��FRPSXWH�FORXG
WR�FUXQFK�WKURXJK�IRXU�WHUDE\WHV�RI�VFDQQHG�DUFKLYHV�IURP�WKH�SDSHU��FRQYHUWLQJ�WKHP
WR�3')V�IRU�WKH�:HE����7KH�SURFHVVLQJ�WRRN�OHVV�WKDQ����KRXUV�WR�UXQ�XVLQJ�����PD�
FKLQHV��DQG�WKH�SURMHFW�SUREDEO\�ZRXOGQ¦W�KDYH�EHHQ�HPEDUNHG�XSRQ�ZLWKRXW�WKH�FRP�
ELQDWLRQ�RI�$PD]RQ¦V�SD\�E\�WKH�KRXU�PRGHO��ZKLFK�DOORZHG�WKH�1<7�WR�DFFHVV�D�ODUJH
QXPEHU�RI�PDFKLQHV�IRU�D�VKRUW�SHULRG��DQG�+DGRRS¦V�HDV\�WR�XVH�SDUDOOHO�SURJUDP�
PLQJ�PRGHO�

,Q�$SULO�������+DGRRS�EURNH�D�ZRUOG�UHFRUG�WR�EHFRPH�WKH�IDVWHVW�V\VWHP�WR�VRUW�D
WHUDE\WH�RI�GDWD��5XQQLQJ�RQ�D�����QRGH�FOXVWHU��+DGRRS�VRUWHG�RQH�WHUDE\WH�LQ����
VHFRQGV��MXVW�XQGHU��à�PLQXWHV���EHDWLQJ�WKH�SUHYLRXV�\HDU¦V�ZLQQHU�RI�����VHFRQGV
�GHVFULEHG�LQ�GHWDLO�LQ�£7HUD%\WH�6RUW�RQ�$SDFKH�+DGRRS¤�RQ�SDJH�������,Q�1RYHPEHU
RI�WKH�VDPH�\HDU��*RRJOH�UHSRUWHG�WKDW�LWV�0DS5HGXFH�LPSOHPHQWDWLRQ�VRUWHG�RQH�WHU�
DE\WH�LQ����VHFRQGV����$V�WKH�ILUVW�HGLWLRQ�RI�WKLV�ERRN�ZDV�JRLQJ�WR�SUHVV��0D\�������
LW�ZDV�DQQRXQFHG�WKDW�D�WHDP�DW�<DKRR��XVHG�+DGRRS�WR�VRUW�RQH�WHUDE\WH�LQ����VHFRQGV�

6LQFH�WKHQ��+DGRRS�KDV�VHHQ�UDSLG�PDLQVWUHDP�HQWHUSULVH�DGRSWLRQ��+DGRRS¦V�UROH�DV
D�JHQHUDO�SXUSRVH�VWRUDJH�DQG�DQDO\VLV�SODWIRUP�IRU�ELJ�GDWD�KDV�EHHQ�UHFRJQL]HG�E\

��� -HIIUH\� 'HDQ� DQG� 6DQMD\� *KHPDZDW�� £0DS5HGXFH�� 6LPSOLILHG� 'DWD� 3URFHVVLQJ� RQ� /DUJH� &OXVWHUV� �¤
'HFHPEHU�������KWWS���ODEV�JRRJOH�FRP�SDSHUV�PDSUHGXFH�KWPO�

��� £<DKRR��/DXQFKHV�:RUOG¦V�/DUJHVW�+DGRRS�3URGXFWLRQ�$SSOLFDWLRQ�¤����)HEUXDU\�������KWWS���GHYHORSHU
�\DKRR�QHW�EORJV�KDGRRS���������\DKRR�ZRUOGV�ODUJHVW�SURGXFWLRQ�KDGRRS�KWPO�

��� 'HUHN� *RWWIULG�� £6HOI�VHUYLFH�� 3URUDWHG� 6XSHU� &RPSXWLQJ� )XQ�¤� �� 1RYHPEHU� ������ KWWS���RSHQ�EORJV
�Q\WLPHV�FRP������������VHOI�VHUYLFH�SURUDWHG�VXSHU�FRPSXWLQJ�IXQ��

��� £6RUWLQJ��3%�ZLWK�0DS5HGXFH�¤����1RYHPEHU�������KWWS���JRRJOHEORJ�EORJVSRW�FRP���������VRUWLQJ��SE
�ZLWK�PDSUHGXFH�KWPO�
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WKH�LQGXVWU\��DQG�WKLV�IDFW�LV�UHIOHFWHG�LQ�WKH�QXPEHU�RI�SURGXFWV�WKDW�XVH�RU�LQFRUSRUDWH
+DGRRS�LQ�VRPH�ZD\��7KHUH�DUH�+DGRRS�GLVWULEXWLRQV�IURP�WKH�ODUJH��HVWDEOLVKHG�HQ�
WHUSULVH�YHQGRUV��LQFOXGLQJ�(0&��,%0��0LFURVRIW��DQG�2UDFOH��DV�ZHOO�DV�IURP�VSHFLDOLVW
+DGRRS�FRPSDQLHV�VXFK�DV�&ORXGHUD��+RUWRQZRUNV��DQG�0DS5�

Hadoop at Yahoo!
%XLOGLQJ� ,QWHUQHW�VFDOH� VHDUFK�HQJLQHV� UHTXLUHV�KXJH�DPRXQWV�RI�GDWD�DQG� WKHUHIRUH
ODUJH�QXPEHUV�RI�PDFKLQHV�WR�SURFHVV�LW��<DKRR��6HDUFK�FRQVLVWV�RI�IRXU�SULPDU\�FRP�
SRQHQWV��WKH�&UDZOHU��ZKLFK�GRZQORDGV�SDJHV�IURP�ZHE�VHUYHUV��WKH�:HE0DS��ZKLFK
EXLOGV�D�JUDSK�RI�WKH�NQRZQ�:HE��WKH�,QGH[HU��ZKLFK�EXLOGV�D�UHYHUVH�LQGH[�WR�WKH�EHVW
SDJHV��DQG�WKH�5XQWLPH��ZKLFK�DQVZHUV�XVHUV¦�TXHULHV��7KH�:HE0DS�LV�D�JUDSK�WKDW
FRQVLVWV�RI�URXJKO\���WULOOLRQ��������HGJHV��HDFK�UHSUHVHQWLQJ�D�ZHE�OLQN��DQG�����ELOOLRQ
�������QRGHV�� HDFK� UHSUHVHQWLQJ�GLVWLQFW�85/V��&UHDWLQJ�DQG�DQDO\]LQJ� VXFK�D� ODUJH
JUDSK�UHTXLUHV�D�ODUJH�QXPEHU�RI�FRPSXWHUV�UXQQLQJ�IRU�PDQ\�GD\V��,Q�HDUO\�������WKH
LQIUDVWUXFWXUH�IRU�WKH�:HE0DS��QDPHG�'UHDGQDXJKW��QHHGHG�WR�EH�UHGHVLJQHG�WR�VFDOH
XS�WR�PRUH�QRGHV��'UHDGQDXJKW�KDG�VXFFHVVIXOO\�VFDOHG�IURP����WR�����QRGHV��EXW
UHTXLUHG�D�FRPSOHWH�UHGHVLJQ�WR�VFDOH�RXW�IXUWKHU��'UHDGQDXJKW�LV�VLPLODU�WR�0DS5HGXFH
LQ�PDQ\�ZD\V��EXW�SURYLGHV�PRUH�IOH[LELOLW\�DQG�OHVV�VWUXFWXUH��,Q�SDUWLFXODU��HDFK�IUDJ�
PHQW�LQ�D�'UHDGQDXJKW�MRE�FDQ�VHQG�RXWSXW�WR�HDFK�RI�WKH�IUDJPHQWV�LQ�WKH�QH[W�VWDJH
RI�WKH�MRE��EXW�WKH�VRUW�ZDV�DOO�GRQH�LQ�OLEUDU\�FRGH��,Q�SUDFWLFH��PRVW�RI�WKH�:HE0DS
SKDVHV�ZHUH�SDLUV�WKDW�FRUUHVSRQGHG�WR�0DS5HGXFH��7KHUHIRUH��WKH�:HE0DS�DSSOLFD�
WLRQV�ZRXOG�QRW�UHTXLUH�H[WHQVLYH�UHIDFWRULQJ�WR�ILW�LQWR�0DS5HGXFH�

(ULF� %DOGHVFKZLHOHU� �(ULF���� FUHDWHG� D� VPDOO� WHDP� DQG� ZH� VWDUWHG� GHVLJQLQJ� DQG
SURWRW\SLQJ�D�QHZ�IUDPHZRUN�ZULWWHQ�LQ�&���PRGHOHG�DIWHU�*)6�DQG�0DS5HGXFH�WR
UHSODFH�'UHDGQDXJKW�� $OWKRXJK� WKH� LPPHGLDWH� QHHG�ZDV� IRU� D� QHZ� IUDPHZRUN� IRU
:HE0DS��LW�ZDV�FOHDU�WKDW�VWDQGDUGL]DWLRQ�RI�WKH�EDWFK�SODWIRUP�DFURVV�<DKRR��6HDUFK
ZDV�FULWLFDO�DQG�E\�PDNLQJ�WKH�IUDPHZRUN�JHQHUDO�HQRXJK�WR�VXSSRUW�RWKHU�XVHUV��ZH
FRXOG�EHWWHU�OHYHUDJH�LQYHVWPHQW�LQ�WKH�QHZ�SODWIRUP�

$W�WKH�VDPH�WLPH��ZH�ZHUH�ZDWFKLQJ�+DGRRS��ZKLFK�ZDV�SDUW�RI�1XWFK��DQG�LWV�SURJUHVV�
,Q�-DQXDU\�������<DKRR��KLUHG�'RXJ�&XWWLQJ��DQG�D�PRQWK�ODWHU�ZH�GHFLGHG�WR�DEDQGRQ
RXU�SURWRW\SH�DQG�DGRSW�+DGRRS��7KH�DGYDQWDJH�RI�+DGRRS�RYHU�RXU�SURWRW\SH�DQG
GHVLJQ�ZDV�WKDW�LW�ZDV�DOUHDG\�ZRUNLQJ�ZLWK�D�UHDO�DSSOLFDWLRQ��1XWFK��RQ����QRGHV�
7KDW�DOORZHG�XV�WR�EULQJ�XS�D�UHVHDUFK�FOXVWHU�WZR�PRQWKV�ODWHU�DQG�VWDUW�KHOSLQJ�UHDO
FXVWRPHUV�XVH�WKH�QHZ�IUDPHZRUN�PXFK�VRRQHU�WKDQ�ZH�FRXOG�KDYH�RWKHUZLVH��$QRWKHU
DGYDQWDJH��RI�FRXUVH��ZDV�WKDW�VLQFH�+DGRRS�ZDV�DOUHDG\�RSHQ�VRXUFH��LW�ZDV�HDVLHU
�DOWKRXJK�IDU�IURP�HDV\���WR�JHW�SHUPLVVLRQ�IURP�<DKRR�¦V�OHJDO�GHSDUWPHQW�WR�ZRUN�LQ
RSHQ�VRXUFH��6R�ZH�VHW�XS�D�����QRGH�FOXVWHU�IRU�WKH�UHVHDUFKHUV�LQ�HDUO\������DQG�SXW
WKH�:HE0DS�FRQYHUVLRQ�SODQV�RQ�KROG�ZKLOH�ZH�VXSSRUWHG�DQG�LPSURYHG�+DGRRS�IRU
WKH�UHVHDUFK�XVHUV�

+HUH¦V�D�TXLFN�WLPHOLQH�RI�KRZ�WKLQJV�KDYH�SURJUHVVHG�

� ������,QLWLDO�YHUVLRQV�RI�ZKDW�LV�QRZ�+DGRRS�'LVWULEXWHG�)LOHV\VWHP�DQG�0DS5H�
GXFH�LPSOHPHQWHG�E\�'RXJ�&XWWLQJ�DQG�0LNH�&DIDUHOOD�
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� 'HFHPEHU�������1XWFK�SRUWHG�WR�WKH�QHZ�IUDPHZRUN��+DGRRS�UXQV�UHOLDEO\�RQ���
QRGHV�

� -DQXDU\�������'RXJ�&XWWLQJ�MRLQV�<DKRR��

� )HEUXDU\�������$SDFKH�+DGRRS�SURMHFW�RIILFLDOO\�VWDUWHG�WR�VXSSRUW�WKH�VWDQGDORQH
GHYHORSPHQW�RI�0DS5HGXFH�DQG�+')6�

� )HEUXDU\�������$GRSWLRQ�RI�+DGRRS�E\�<DKRR��*ULG�WHDP�

� $SULO�������6RUW�EHQFKPDUN�����*%�QRGH��UXQ�RQ�����QRGHV�LQ������KRXUV�

� 0D\�������<DKRR��VHW�XS�D�+DGRRS�UHVHDUFK�FOXVWHU¢����QRGHV�

� 0D\�������6RUW�EHQFKPDUN�UXQ�RQ�����QRGHV�LQ����KRXUV��EHWWHU�KDUGZDUH�WKDQ
$SULO�EHQFKPDUN��

� 2FWREHU�������5HVHDUFK�FOXVWHU�UHDFKHV�����QRGHV�

� 'HFHPEHU�������6RUW�EHQFKPDUN�UXQ�RQ����QRGHV�LQ�����KRXUV������QRGHV�LQ����
KRXUV������QRGHV�LQ�����KRXUV������QRGHV�LQ�����KRXUV�

� -DQXDU\�������5HVHDUFK�FOXVWHU�UHDFKHV�����QRGHV�

� $SULO�������5HVHDUFK�FOXVWHUV¢WZR�FOXVWHUV�RI������QRGHV�

� $SULO�������:RQ�WKH���WHUDE\WH�VRUW�EHQFKPDUN�LQ�����VHFRQGV�RQ�����QRGHV�

� 2FWREHU�������/RDGLQJ����WHUDE\WHV�RI�GDWD�SHU�GD\�RQWR�UHVHDUFK�FOXVWHUV�

� 0DUFK����������FOXVWHUV�ZLWK�D�WRWDO�RI��������QRGHV�

� $SULO�������:RQ�WKH�PLQXWH�VRUW�E\�VRUWLQJ�����*%�LQ����VHFRQGV��RQ�������QRGHV�
DQG�WKH�����WHUDE\WH�VRUW�LQ�����PLQXWHV��RQ�������QRGHV��

¢2ZHQ�2¦0DOOH\

Apache Hadoop and the Hadoop Ecosystem
$OWKRXJK�+DGRRS�LV�EHVW�NQRZQ�IRU�0DS5HGXFH�DQG�LWV�GLVWULEXWHG�ILOHV\VWHP��+')6�
UHQDPHG�IURP�1')6���WKH�WHUP�LV�DOVR�XVHG�IRU�D�IDPLO\�RI�UHODWHG�SURMHFWV�WKDW�IDOO
XQGHU� WKH�XPEUHOOD�RI� LQIUDVWUXFWXUH� IRU�GLVWULEXWHG�FRPSXWLQJ�DQG� ODUJH�VFDOH�GDWD
SURFHVVLQJ�

$OO�RI�WKH�FRUH�SURMHFWV�FRYHUHG�LQ�WKLV�ERRN�DUH�KRVWHG�E\�WKH�$SDFKH�6RIWZDUH�)RXQ�
GDWLRQ��ZKLFK�SURYLGHV� VXSSRUW� IRU�D� FRPPXQLW\�RI�RSHQ�VRXUFH� VRIWZDUH�SURMHFWV�
LQFOXGLQJ�WKH�RULJLQDO�+773�6HUYHU�IURP�ZKLFK�LW�JHWV�LWV�QDPH��$V�WKH�+DGRRS�HFR�
V\VWHP�JURZV��PRUH�SURMHFWV�DUH�DSSHDULQJ��QRW�QHFHVVDULO\�KRVWHG�DW�$SDFKH��WKDW�SUR�
YLGH�FRPSOHPHQWDU\�VHUYLFHV�WR�+DGRRS�RU�EXLOG�RQ�WKH�FRUH�WR�DGG�KLJKHU�OHYHO�DE�
VWUDFWLRQV�

7KH�+DGRRS�SURMHFWV�WKDW�DUH�FRYHUHG�LQ�WKLV�ERRN�DUH�GHVFULEHG�EULHIO\�KHUH�

&RPPRQ
$�VHW�RI� FRPSRQHQWV�DQG� LQWHUIDFHV� IRU�GLVWULEXWHG� ILOHV\VWHPV�DQG�JHQHUDO� ,�2
�VHULDOL]DWLRQ��-DYD�53&��SHUVLVWHQW�GDWD�VWUXFWXUHV��
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$YUR
$� VHULDOL]DWLRQ� V\VWHP� IRU� HIILFLHQW�� FURVV�ODQJXDJH� 53&� DQG� SHUVLVWHQW� GDWD
VWRUDJH�

0DS5HGXFH
$�GLVWULEXWHG�GDWD�SURFHVVLQJ�PRGHO�DQG�H[HFXWLRQ�HQYLURQPHQW�WKDW�UXQV�RQ�ODUJH
FOXVWHUV�RI�FRPPRGLW\�PDFKLQHV�

+')6
$�GLVWULEXWHG�ILOHV\VWHP�WKDW�UXQV�RQ�ODUJH�FOXVWHUV�RI�FRPPRGLW\�PDFKLQHV�

3LJ
$�GDWD�IORZ�ODQJXDJH�DQG�H[HFXWLRQ�HQYLURQPHQW�IRU�H[SORULQJ�YHU\�ODUJH�GDWDVHWV�
3LJ�UXQV�RQ�+')6�DQG�0DS5HGXFH�FOXVWHUV�

+LYH
$�GLVWULEXWHG�GDWD�ZDUHKRXVH��+LYH�PDQDJHV�GDWD�VWRUHG�LQ�+')6�DQG�SURYLGHV�D
TXHU\�ODQJXDJH�EDVHG�RQ�64/��DQG�ZKLFK�LV�WUDQVODWHG�E\�WKH�UXQWLPH�HQJLQH�WR
0DS5HGXFH�MREV��IRU�TXHU\LQJ�WKH�GDWD�

+%DVH
$� GLVWULEXWHG�� FROXPQ�RULHQWHG� GDWDEDVH��+%DVH� XVHV�+')6� IRU� LWV� XQGHUO\LQJ
VWRUDJH��DQG�VXSSRUWV�ERWK�EDWFK�VW\OH�FRPSXWDWLRQV�XVLQJ�0DS5HGXFH�DQG�SRLQW
TXHULHV��UDQGRP�UHDGV��

=RR.HHSHU
$�GLVWULEXWHG��KLJKO\�DYDLODEOH�FRRUGLQDWLRQ�VHUYLFH��=RR.HHSHU�SURYLGHV�SULPLWLYHV
VXFK�DV�GLVWULEXWHG�ORFNV�WKDW�FDQ�EH�XVHG�IRU�EXLOGLQJ�GLVWULEXWHG�DSSOLFDWLRQV�

6TRRS
$�WRRO�IRU�HIILFLHQW�EXON�WUDQVIHU�RI�GDWD�EHWZHHQ�VWUXFWXUHG�GDWD�VWRUHV��VXFK�DV
UHODWLRQDO�GDWDEDVHV��DQG�+')6�

2R]LH
$�VHUYLFH�IRU�UXQQLQJ�DQG�VFKHGXOLQJ�ZRUNIORZV�RI�+DGRRS�MREV��LQFOXGLQJ�0DS�
5HGXFH��3LJ��+LYH��DQG�6TRRS�MREV��

Hadoop Releases
:KLFK�YHUVLRQ�RI�+DGRRS�VKRXOG�\RX�XVH"�7KH�DQVZHU�WR�WKLV�TXHVWLRQ�FKDQJHV�RYHU
WLPH�� RI� FRXUVH�� DQG� DOVR� GHSHQGV� RQ� WKH� IHDWXUHV� WKDW� \RX� QHHG�� £+DGRRS�5HOHD�
VHV¤�RQ�SDJH����VXPPDUL]HV�WKH�KLJK�OHYHO�IHDWXUHV�LQ�UHFHQW�+DGRRS�UHOHDVH�VHULHV�

7KHUH�DUH�D�IHZ�DFWLYH�UHOHDVH�VHULHV��7KH���[�UHOHDVH�VHULHV�LV�D�FRQWLQXDWLRQ�RI�WKH�����
UHOHDVH�VHULHV�DQG�FRQWDLQV�WKH�PRVW�VWDEOH�YHUVLRQV�RI�+DGRRS�FXUUHQWO\�DYDLODEOH��7KLV
VHULHV�LQFOXGHV�VHFXUH�.HUEHURV�DXWKHQWLFDWLRQ��ZKLFK�SUHYHQWV�XQDXWKRUL]HG�DFFHVV�WR
+DGRRS�GDWD��VHH�£6HFXULW\¤�RQ�SDJH�������$OPRVW�DOO�SURGXFWLRQ�FOXVWHUV�XVH�WKHVH
UHOHDVHV�RU�GHULYHG�YHUVLRQV��VXFK�DV�FRPPHUFLDO�GLVWULEXWLRQV��

Hadoop Releases | 13



7KH������DQG���[�UHOHDVH�VHULHV���DUH�QRW�FXUUHQWO\�VWDEOH��DV�RI�HDUO\��������EXW�WKLV�LV
OLNHO\� WR�FKDQJH�E\� WKH� WLPH�\RX� UHDG� WKLV�DV� WKH\�XQGHUJR�PRUH� UHDO�ZRUOG� WHVWLQJ
�FRQVXOW�WKH�$SDFKH�+DGRRS�UHOHDVHV�SDJH�IRU�WKH�ODWHVW�VWDWXV�����[�LQFOXGHV�VHYHUDO
PDMRU�QHZ�IHDWXUHV�

� $�QHZ�0DS5HGXFH�UXQWLPH��FDOOHG�0DS5HGXFH����LPSOHPHQWHG�RQ�D�QHZ�V\VWHP
FDOOHG�<$51��<HW�$QRWKHU�5HVRXUFH�1HJRWLDWRU���ZKLFK�LV�D�JHQHUDO�UHVRXUFH�PDQ�
DJHPHQW�V\VWHP�IRU�UXQQLQJ�GLVWULEXWHG�DSSOLFDWLRQV��0DS5HGXFH���UHSODFHV�WKH
£FODVVLF¤� UXQWLPH� LQ�SUHYLRXV�UHOHDVHV�� ,W� LV�GHVFULEHG� LQ�PRUH�GHSWK� LQ�£<$51
�0DS5HGXFH���¤�RQ�SDJH�����

� +')6� IHGHUDWLRQ�� ZKLFK� SDUWLWLRQV� WKH� +')6� QDPHVSDFH� DFURVV
PXOWLSOH� QDPHQRGHV� WR� VXSSRUW� FOXVWHUV� ZLWK� YHU\� ODUJH� QXPEHUV� RI� ILOHV�� 6HH
£+')6�)HGHUDWLRQ¤�RQ�SDJH����

� +')6�KLJK�DYDLODELOLW\��ZKLFK�UHPRYHV�WKH�QDPHQRGH�DV�D�VLQJOH�SRLQW�RI�IDLOXUH
E\� VXSSRUWLQJ� VWDQGE\� QDPHQRGHV� IRU� IDLORYHU�� 6HH� £+')6� +LJK�$YDLODELO�
LW\¤�RQ�SDJH����

7DEOH������)HDWXUHV�VXSSRUWHG�E\�+DGRRS�UHOHDVH�VHULHV

Feature 1.x 0.22 2.x

Secure authentication Yes No Yes

Old configuration names Yes Deprecated Deprecated

New configuration names No Yes Yes

Old MapReduce API Yes Yes Yes

New MapReduce API Yes (with some
missing libraries)

Yes Yes

MapReduce 1 runtime (Classic) Yes Yes No

MapReduce 2 runtime (YARN) No No Yes

HDFS federation No No Yes

HDFS high-availability No No Yes

7DEOH�����RQO\�FRYHUV�IHDWXUHV�LQ�+')6�DQG�0DS5HGXFH��2WKHU�SURMHFWV�LQ�WKH�+DGRRS
HFRV\VWHP�DUH�FRQWLQXDOO\�HYROYLQJ�WRR��DQG�SLFNLQJ�D�FRPELQDWLRQ�RI�FRPSRQHQWV�WKDW
ZRUN�ZHOO� WRJHWKHU�FDQ�EH�D�FKDOOHQJH��7KDQNIXOO\��\RX�GRQ¦W�KDYH�WR�GR�WKLV�ZRUN
\RXUVHOI��7KH�$SDFKH�%LJWRS�SURMHFW��KWWS���LQFXEDWRU�DSDFKH�RUJ�ELJWRS���UXQV�LQWHUR�
SHUDELOLW\�WHVWV�RQ�VWDFNV�RI�+DGRRS�FRPSRQHQWV�DQG�SURYLGHV�/LQX[�SDFNDJHV��530V
DQG�'HELDQ�SDFNDJHV��IRU�HDV\�LQVWDOODWLRQ��7KHUH�DUH�DOVR�FRPPHUFLDO�YHQGRUV�RIIHULQJ
+DGRRS�GLVWULEXWLRQV�FRQWDLQLQJ�VXLWHV�RI�FRPSDWLEOH�FRPSRQHQWV�

��� $V�WKLV�ERRN�ZHQW�WR�SUHVV��WKH�+DGRRS�FRPPXQLW\�YRWHG�IRU�WKH������UHOHDVH�VHULHV�WR�EH�UHQDPHG�DV�WKH
��[�UHOHDVH�VHULHV��7KLV�ERRN�XVHV�WKH�VKRUWKDQG�£UHOHDVHV�DIWHU���[¤�WR�UHIHU�WR�UHOHDVHV�LQ�WKH������DQG���[
�IRUPHUO\�������VHULHV�
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What’s Covered in This Book
7KLV�ERRN�FRYHUV�DOO�WKH�UHOHDVHV�LQ�7DEOH������,Q�WKH�FDVHV�ZKHUH�D�IHDWXUH�LV�DYDLODEOH
RQO\�LQ�D�SDUWLFXODU�UHOHDVH��LW�LV�QRWHG�LQ�WKH�WH[W�

7KH�FRGH�LQ�WKLV�ERRN�LV�ZULWWHQ�WR�ZRUN�DJDLQVW�DOO�WKHVH�UHOHDVH�VHULHV��H[FHSW�LQ�D�VPDOO
QXPEHU�RI�FDVHV��ZKLFK�DUH�FDOOHG�RXW�H[SOLFLWO\��7KH�H[DPSOH�FRGH�DYDLODEOH�RQ�WKH
ZHEVLWH�KDV�D�OLVW�RI�WKH�YHUVLRQV�WKDW�LW�ZDV�WHVWHG�DJDLQVW�

Configuration names
&RQILJXUDWLRQ�SURSHUW\�QDPHV�KDYH�EHHQ�FKDQJHG�LQ�WKH�UHOHDVHV�DIWHU���[��LQ�RUGHU�WR
JLYH�WKHP�D�PRUH�UHJXODU�QDPLQJ�VWUXFWXUH��)RU�H[DPSOH��WKH�+')6�SURSHUWLHV�SHU�
WDLQLQJ� WR� WKH� QDPHQRGH� KDYH� EHHQ� FKDQJHG� WR� KDYH� D� dfs.namenode� SUHIL[�� VR�
dfs.name.dir�KDV�FKDQJHG�WR�dfs.namenode.name.dir��6LPLODUO\��0DS5HGXFH�SURSHUWLHV
KDYH�WKH�mapreduce�SUHIL[��UDWKHU�WKDQ�WKH�ROGHU�mapred�SUHIL[��VR�mapred.job.name�KDV
FKDQJHG�WR�mapreduce.job.name�

)RU�SURSHUWLHV�WKDW�H[LVW�LQ�YHUVLRQ���[��WKH�ROG��GHSUHFDWHG��QDPHV�DUH�XVHG�LQ�WKLV�ERRN
EHFDXVH�WKH\�ZLOO�ZRUN�LQ�DOO�WKH�YHUVLRQV�RI�+DGRRS�OLVWHG�KHUH��,I�\RX�DUH�XVLQJ�D�UHOHDVH
DIWHU���[��\RX�PD\�ZLVK�WR�XVH�WKH�QHZ�SURSHUW\�QDPHV�LQ�\RXU�FRQILJXUDWLRQ�ILOHV�DQG
FRGH�WR�UHPRYH�GHSUHFDWLRQ�ZDUQLQJV��$�WDEOH�OLVWLQJ�WKH�GHSUHFDWHG�SURSHUWLHV�QDPHV
DQG�WKHLU�UHSODFHPHQWV�FDQ�EH�IRXQG�RQ�WKH�+DGRRS�ZHEVLWH�DW�KWWS���KDGRRS�DSDFKH
�RUJ�FRPPRQ�GRFV�U�������KDGRRS�SURMHFW�GLVW�KDGRRS�FRPPRQ�'HSUHFDWHG3URSHUWLHV
�KWPO�

MapReduce APIs
+DGRRS�SURYLGHV�WZR�-DYD�0DS5HGXFH�$3,V��GHVFULEHG�LQ�PRUH�GHWDLO�LQ�£7KH�ROG�DQG
WKH�QHZ�-DYD�0DS5HGXFH�$3,V¤�RQ�SDJH�����7KLV�HGLWLRQ�RI�WKH�ERRN�XVHV�WKH�QHZ
$3,�IRU�WKH�H[DPSOHV��ZKLFK�ZLOO�ZRUN�ZLWK�DOO�YHUVLRQV�OLVWHG�KHUH��H[FHSW�LQ�D�IHZ�FDVHV
ZKHUH�D�0DS5HGXFH�OLEUDU\�XVLQJ�QHZ�$3,�LV�QRW�DYDLODEOH�LQ�WKH���[�UHOHDVHV��$OO�WKH
H[DPSOHV�LQ�WKLV�ERRN�DUH�DYDLODEOH�LQ�WKH�ROG�$3,�YHUVLRQ��LQ�WKH�oldapi�SDFNDJH��IURP
WKH�ERRN¦V�ZHEVLWH�

:KHUH�WKHUH�DUH�PDWHULDO�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�$3,V��WKH\�DUH�GLVFXVVHG�LQ�WKH
WH[W�

Compatibility
:KHQ�PRYLQJ�IURP�RQH�UHOHDVH�WR�DQRWKHU��\RX�QHHG�WR�FRQVLGHU�WKH�XSJUDGH�VWHSV�WKDW
DUH�QHHGHG��7KHUH�DUH�VHYHUDO�DVSHFWV�WR�FRQVLGHU��$3,�FRPSDWLELOLW\��GDWD�FRPSDWLELOLW\�
DQG�ZLUH�FRPSDWLELOLW\�

$3,�FRPSDWLELOLW\�FRQFHUQV�WKH�FRQWUDFW�EHWZHHQ�XVHU�FRGH�DQG�WKH�SXEOLVKHG�+DGRRS
$3,V��VXFK�DV�WKH�-DYD�0DS5HGXFH�$3,V��0DMRU�UHOHDVHV��H�J���IURP���[�\�WR��������DUH
DOORZHG�WR�EUHDN�$3,�FRPSDWLELOLW\��VR�XVHU�SURJUDPV�PD\�QHHG�WR�EH�PRGLILHG�DQG
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UHFRPSLOHG��0LQRU�UHOHDVHV��H�J��� IURP�����[�WR��������DQG�SRLQW�UHOHDVHV��H�J��� IURP
������WR��������VKRXOG�QRW�EUHDN�FRPSDWLELOLW\���

+DGRRS�XVHV�D�FODVVLILFDWLRQ�VFKHPH�IRU�$3,�HOHPHQWV�WR�GHQRWH�WKHLU
VWDELOLW\��7KH�SUHFHGLQJ�UXOHV�IRU�$3,�FRPSDWLELOLW\�FRYHU�WKRVH�HOHPHQWV
WKDW�DUH�PDUNHG�InterfaceStability.Stable��6RPH�HOHPHQWV�RI�WKH�SXE�
OLF� +DGRRS� $3,V�� KRZHYHU�� DUH� PDUNHG� ZLWK� WKH� InterfaceStabil
ity.Evolving�RU�InterfaceStability.Unstable�DQQRWDWLRQV��DOO�WKHVH�DQ�
QRWDWLRQV�DUH�LQ�WKH�org.apache.hadoop.classification�SDFNDJH���ZKLFK
PHDQ�WKH\�DUH�DOORZHG�WR�EUHDN�FRPSDWLELOLW\�RQ�PLQRU�DQG�SRLQW�UH�
OHDVHV��UHVSHFWLYHO\�

'DWD�FRPSDWLELOLW\�FRQFHUQV�SHUVLVWHQW�GDWD�DQG�PHWDGDWD�IRUPDWV��VXFK�DV�WKH�IRUPDW
LQ�ZKLFK�WKH�+')6�QDPHQRGH�VWRUHV�LWV�SHUVLVWHQW�GDWD��7KH�IRUPDWV�FDQ�FKDQJH�DFURVV
PLQRU�RU�PDMRU�UHOHDVHV��EXW�WKH�FKDQJH�LV�WUDQVSDUHQW�WR�XVHUV�EHFDXVH�WKH�XSJUDGH
ZLOO�DXWRPDWLFDOO\�PLJUDWH� WKH�GDWD��7KHUH�PD\�EH�VRPH�UHVWULFWLRQV�DERXW�XSJUDGH
SDWKV��DQG�WKHVH�DUH�FRYHUHG�LQ�WKH�UHOHDVH�QRWHV��)RU�H[DPSOH��LW�PD\�EH�QHFHVVDU\�WR
XSJUDGH�YLD�DQ� LQWHUPHGLDWH�UHOHDVH�UDWKHU� WKDQ�XSJUDGLQJ�GLUHFWO\� WR� WKH� ODWHU� ILQDO
UHOHDVH� LQ� RQH� VWHS�� +DGRRS� XSJUDGHV� DUH� GLVFXVVHG� LQ� PRUH� GHWDLO� LQ� £8S�
JUDGHV¤�RQ�SDJH�����

:LUH�FRPSDWLELOLW\�FRQFHUQV�WKH�LQWHURSHUDELOLW\�EHWZHHQ�FOLHQWV�DQG�VHUYHUV�YLD�ZLUH
SURWRFROV�VXFK�DV�53&�DQG�+773��7KHUH�DUH�WZR�W\SHV�RI�FOLHQW��H[WHUQDO�FOLHQWV��UXQ
E\�XVHUV��DQG�LQWHUQDO�FOLHQWV��UXQ�RQ�WKH�FOXVWHU�DV�D�SDUW�RI�WKH�V\VWHP��H�J���GDWDQRGH
DQG�WDVNWUDFNHU�GDHPRQV���,Q�JHQHUDO��LQWHUQDO�FOLHQWV�KDYH�WR�EH�XSJUDGHG�LQ�ORFNVWHS�
DQ�ROGHU�YHUVLRQ�RI�D�WDVNWUDFNHU�ZLOO�QRW�ZRUN�ZLWK�D�QHZHU�MREWUDFNHU��IRU�H[DPSOH�
,Q�WKH�IXWXUH��UROOLQJ�XSJUDGHV�PD\�EH�VXSSRUWHG��ZKLFK�ZRXOG�DOORZ�FOXVWHU�GDHPRQV
WR�EH�XSJUDGHG�LQ�SKDVHV��VR�WKDW�WKH�FOXVWHU�ZRXOG�VWLOO�EH�DYDLODEOH�WR�H[WHUQDO�FOLHQWV
GXULQJ�WKH�XSJUDGH�

)RU�H[WHUQDO�FOLHQWV�WKDW�DUH�UXQ�E\�WKH�XVHU¢VXFK�DV�D�SURJUDP�WKDW�UHDGV�RU�ZULWHV
IURP�+')6��RU�WKH�0DS5HGXFH�MRE�VXEPLVVLRQ�FOLHQW¢WKH�FOLHQW�PXVW�KDYH�WKH�VDPH
PDMRU�UHOHDVH�QXPEHU�DV�WKH�VHUYHU��EXW�LV�DOORZHG�WR�KDYH�D�ORZHU�PLQRU�RU�SRLQW�UHOHDVH
QXPEHU��H�J���FOLHQW�YHUVLRQ�������ZLOO�ZRUN�ZLWK�VHUYHU�������RU��������EXW�QRW�ZLWK
VHUYHU���������$Q\�H[FHSWLRQ�WR�WKLV�UXOH�VKRXOG�EH�FDOOHG�RXW�LQ�WKH�UHOHDVH�QRWHV�

��� 3UH����� UHOHDVHV� IROORZ� WKH� UXOHV� IRU�PDMRU� UHOHDVHV�� VR� D� FKDQJH� LQ� YHUVLRQ� IURP�� VD\�� ������ WR� �����
FRQVWLWXWHV�D�PDMRU�UHOHDVH��DQG�WKHUHIRUH�PD\�EUHDN�$3,�FRPSDWLELOLW\�
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CHAPTER 2

MapReduce

0DS5HGXFH�LV�D�SURJUDPPLQJ�PRGHO�IRU�GDWD�SURFHVVLQJ��7KH�PRGHO�LV�VLPSOH��\HW�QRW
WRR�VLPSOH�WR�H[SUHVV�XVHIXO�SURJUDPV�LQ��+DGRRS�FDQ�UXQ�0DS5HGXFH�SURJUDPV�ZULW�
WHQ�LQ�YDULRXV�ODQJXDJHV��LQ�WKLV�FKDSWHU��ZH�ORRN�DW�WKH�VDPH�SURJUDP�H[SUHVVHG�LQ
-DYD��5XE\��3\WKRQ��DQG�&����0RVW�LPSRUWDQW��0DS5HGXFH�SURJUDPV�DUH�LQKHUHQWO\
SDUDOOHO�� WKXV� SXWWLQJ� YHU\� ODUJH�VFDOH� GDWD� DQDO\VLV� LQWR� WKH� KDQGV� RI� DQ\RQH�ZLWK
HQRXJK�PDFKLQHV�DW�KHU�GLVSRVDO��0DS5HGXFH�FRPHV�LQWR�LWV�RZQ�IRU�ODUJH�GDWDVHWV��VR
OHW¦V�VWDUW�E\�ORRNLQJ�DW�RQH�

A Weather Dataset
)RU�RXU�H[DPSOH��ZH�ZLOO�ZULWH�D�SURJUDP�WKDW�PLQHV�ZHDWKHU�GDWD��:HDWKHU�VHQVRUV
FROOHFW�GDWD�HYHU\�KRXU�DW�PDQ\�ORFDWLRQV�DFURVV�WKH�JOREH�DQG�JDWKHU�D�ODUJH�YROXPH�RI
ORJ�GDWD��ZKLFK�LV�D�JRRG�FDQGLGDWH�IRU�DQDO\VLV�ZLWK�0DS5HGXFH�EHFDXVH�LW�LV�VHPL�
VWUXFWXUHG�DQG�UHFRUG�RULHQWHG�

Data Format
7KH�GDWD�ZH�ZLOO�XVH�LV�IURP�WKH�1DWLRQDO�&OLPDWLF�'DWD�&HQWHU��1&'&��KWWS���ZZZ
�QFGF�QRDD�JRY����7KH�GDWD�LV�VWRUHG�XVLQJ�D�OLQH�RULHQWHG�$6&,,�IRUPDW��LQ�ZKLFK�HDFK
OLQH�LV�D�UHFRUG��7KH�IRUPDW�VXSSRUWV�D�ULFK�VHW�RI�PHWHRURORJLFDO�HOHPHQWV��PDQ\�RI
ZKLFK�DUH�RSWLRQDO�RU�ZLWK�YDULDEOH�GDWD�OHQJWKV��)RU�VLPSOLFLW\��ZH�IRFXV�RQ�WKH�EDVLF
HOHPHQWV��VXFK�DV�WHPSHUDWXUH��ZKLFK�DUH�DOZD\V�SUHVHQW�DQG�DUH�RI�IL[HG�ZLGWK�

([DPSOH�����VKRZV�D�VDPSOH�OLQH�ZLWK�VRPH�RI�WKH�VDOLHQW�ILHOGV�KLJKOLJKWHG��7KH�OLQH
KDV�EHHQ�VSOLW�LQWR�PXOWLSOH�OLQHV�WR�VKRZ�HDFK�ILHOG��LQ�WKH�UHDO�ILOH��ILHOGV�DUH�SDFNHG
LQWR�RQH�OLQH�ZLWK�QR�GHOLPLWHUV�
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([DPSOH������)RUPDW�RI�D�1DWLRQDO�&OLPDWH�'DWD�&HQWHU�UHFRUG

0057
332130   # USAF weather station identifier
99999    # WBAN weather station identifier
19500101 # observation date
0300     # observation time
4
+51317   # latitude (degrees x 1000)
+028783  # longitude (degrees x 1000)
FM-12
+0171    # elevation (meters)
99999
V020
320      # wind direction (degrees)
1        # quality code
N
0072
1
00450    # sky ceiling height (meters)
1        # quality code
C
N
010000   # visibility distance (meters)
1        # quality code
N
9
-0128    # air temperature (degrees Celsius x 10)
1        # quality code
-0139    # dew point temperature (degrees Celsius x 10)
1        # quality code
10268    # atmospheric pressure (hectopascals x 10)
1        # quality code

'DWDILOHV�DUH�RUJDQL]HG�E\�GDWH�DQG�ZHDWKHU�VWDWLRQ��7KHUH�LV�D�GLUHFWRU\�IRU�HDFK�\HDU
IURP������WR�������HDFK�FRQWDLQLQJ�D�J]LSSHG�ILOH�IRU�HDFK�ZHDWKHU�VWDWLRQ�ZLWK�LWV
UHDGLQJV�IRU�WKDW�\HDU��)RU�H[DPSOH��KHUH�DUH�WKH�ILUVW�HQWULHV�IRU������

% ls raw/1990 | head
010010-99999-1990.gz
010014-99999-1990.gz
010015-99999-1990.gz
010016-99999-1990.gz
010017-99999-1990.gz
010030-99999-1990.gz
010040-99999-1990.gz
010080-99999-1990.gz
010100-99999-1990.gz
010150-99999-1990.gz

6LQFH�WKHUH�DUH�WHQV�RI�WKRXVDQGV�RI�ZHDWKHU�VWDWLRQV��WKH�ZKROH�GDWDVHW�LV�PDGH�XS�RI
D�ODUJH�QXPEHU�RI�UHODWLYHO\�VPDOO�ILOHV��,W¦V�JHQHUDOO\�HDVLHU�DQG�PRUH�HIILFLHQW�WR�SURFHVV
D�VPDOOHU�QXPEHU�RI�UHODWLYHO\�ODUJH�ILOHV��VR�WKH�GDWD�ZDV�SUHSURFHVVHG�VR�WKDW�HDFK
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\HDU¦V� UHDGLQJV�ZHUH�FRQFDWHQDWHG� LQWR�D� VLQJOH� ILOH�� �7KH�PHDQV�E\�ZKLFK� WKLV�ZDV
FDUULHG�RXW�LV�GHVFULEHG�LQ�$SSHQGL[�&��

Analyzing the Data with Unix Tools
:KDW¦V�WKH�KLJKHVW�UHFRUGHG�JOREDO�WHPSHUDWXUH�IRU�HDFK�\HDU�LQ�WKH�GDWDVHW"�:H�ZLOO
DQVZHU�WKLV�ILUVW�ZLWKRXW�XVLQJ�+DGRRS��DV�WKLV�LQIRUPDWLRQ�ZLOO�SURYLGH�D�SHUIRUPDQFH
EDVHOLQH�DQG�D�XVHIXO�PHDQV�WR�FKHFN�RXU�UHVXOWV�

7KH�FODVVLF�WRRO�IRU�SURFHVVLQJ�OLQH�RULHQWHG�GDWD�LV�DZN��([DPSOH�����LV�D�VPDOO�VFULSW
WR�FDOFXODWH�WKH�PD[LPXP�WHPSHUDWXUH�IRU�HDFK�\HDU�

([DPSOH������$�SURJUDP�IRU�ILQGLQJ�WKH�PD[LPXP�UHFRUGHG�WHPSHUDWXUH�E\�\HDU�IURP�1&'&�ZHDWKHU
UHFRUGV

#!/usr/bin/env bash
for year in all/*
do
  echo -ne `basename $year .gz`"\t"
  gunzip -c $year | \
    awk '{ temp = substr($0, 88, 5) + 0;
           q = substr($0, 93, 1);
           if (temp !=9999 && q ~ /[01459]/ && temp > max) max = temp }
         END { print max }'
done

7KH�VFULSW�ORRSV�WKURXJK�WKH�FRPSUHVVHG�\HDU�ILOHV��ILUVW�SULQWLQJ�WKH�\HDU��DQG�WKHQ
SURFHVVLQJ�HDFK�ILOH�XVLQJ�DZN��7KH�DZN�VFULSW�H[WUDFWV�WZR�ILHOGV�IURP�WKH�GDWD��WKH�DLU
WHPSHUDWXUH�DQG�WKH�TXDOLW\�FRGH��7KH�DLU�WHPSHUDWXUH�YDOXH�LV�WXUQHG�LQWR�DQ�LQWHJHU
E\�DGGLQJ����1H[W��D�WHVW�LV�DSSOLHG�WR�VHH�ZKHWKHU�WKH�WHPSHUDWXUH�LV�YDOLG��WKH�YDOXH
�����VLJQLILHV�D�PLVVLQJ�YDOXH� LQ� WKH�1&'&�GDWDVHW��DQG�ZKHWKHU� WKH�TXDOLW\�FRGH
LQGLFDWHV�WKDW�WKH�UHDGLQJ�LV�QRW�VXVSHFW�RU�HUURQHRXV��,I�WKH�UHDGLQJ�LV�2.��WKH�YDOXH�LV
FRPSDUHG�ZLWK�WKH�PD[LPXP�YDOXH�VHHQ�VR�IDU��ZKLFK�LV�XSGDWHG�LI�D�QHZ�PD[LPXP
LV�IRXQG��7KH�END�EORFN�LV�H[HFXWHG�DIWHU�DOO�WKH�OLQHV�LQ�WKH�ILOH�KDYH�EHHQ�SURFHVVHG�
DQG�LW�SULQWV�WKH�PD[LPXP�YDOXH�

+HUH�LV�WKH�EHJLQQLQJ�RI�D�UXQ�

% ./max_temperature.sh
1901    317
1902    244
1903    289
1904    256
1905    283
...

7KH�WHPSHUDWXUH�YDOXHV�LQ�WKH�VRXUFH�ILOH�DUH�VFDOHG�E\�D�IDFWRU�RI�����VR�WKLV�ZRUNV�RXW
DV�D�PD[LPXP�WHPSHUDWXUH�RI������&�IRU�������WKHUH�ZHUH�YHU\�IHZ�UHDGLQJV�DW�WKH
EHJLQQLQJ�RI�WKH�FHQWXU\��VR�WKLV�LV�SODXVLEOH���7KH�FRPSOHWH�UXQ�IRU�WKH�FHQWXU\�WRRN
���PLQXWHV�LQ�RQH�UXQ�RQ�D�VLQJOH�(&��+LJK�&38�([WUD�/DUJH�,QVWDQFH�
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7R�VSHHG�XS�WKH�SURFHVVLQJ��ZH�QHHG�WR�UXQ�SDUWV�RI�WKH�SURJUDP�LQ�SDUDOOHO��,Q�WKHRU\�
WKLV�LV�VWUDLJKWIRUZDUG��ZH�FRXOG�SURFHVV�GLIIHUHQW�\HDUV�LQ�GLIIHUHQW�SURFHVVHV��XVLQJ�DOO
WKH� DYDLODEOH�KDUGZDUH� WKUHDGV�RQ� D�PDFKLQH��7KHUH� DUH� D� IHZ�SUREOHPV�ZLWK� WKLV�
KRZHYHU�

)LUVW��GLYLGLQJ�WKH�ZRUN�LQWR�HTXDO�VL]H�SLHFHV�LVQ¦W�DOZD\V�HDV\�RU�REYLRXV��,Q�WKLV�FDVH�
WKH�ILOH�VL]H�IRU�GLIIHUHQW�\HDUV�YDULHV�ZLGHO\��VR�VRPH�SURFHVVHV�ZLOO�ILQLVK�PXFK�HDUOLHU
WKDQ�RWKHUV��(YHQ� LI� WKH\�SLFN�XS� IXUWKHU�ZRUN�� WKH�ZKROH� UXQ� LV�GRPLQDWHG�E\� WKH
ORQJHVW�ILOH��$�EHWWHU�DSSURDFK��DOWKRXJK�RQH�WKDW�UHTXLUHV�PRUH�ZRUN��LV�WR�VSOLW�WKH
LQSXW�LQWR�IL[HG�VL]H�FKXQNV�DQG�DVVLJQ�HDFK�FKXQN�WR�D�SURFHVV�

6HFRQG��FRPELQLQJ�WKH�UHVXOWV�IURP�LQGHSHQGHQW�SURFHVVHV�PD\�QHHG�IXUWKHU�SURFHVV�
LQJ�� ,Q� WKLV�FDVH�� WKH� UHVXOW� IRU�HDFK�\HDU� LV� LQGHSHQGHQW�RI�RWKHU�\HDUV�DQG�PD\�EH
FRPELQHG�E\�FRQFDWHQDWLQJ�DOO�WKH�UHVXOWV�DQG�VRUWLQJ�E\�\HDU��,I�XVLQJ�WKH�IL[HG�VL]H
FKXQN�DSSURDFK��WKH�FRPELQDWLRQ�LV�PRUH�GHOLFDWH��)RU�WKLV�H[DPSOH��GDWD�IRU�D�SDU�
WLFXODU�\HDU�ZLOO�W\SLFDOO\�EH�VSOLW�LQWR�VHYHUDO�FKXQNV��HDFK�SURFHVVHG�LQGHSHQGHQWO\�
:H¦OO�HQG�XS�ZLWK�WKH�PD[LPXP�WHPSHUDWXUH�IRU�HDFK�FKXQN��VR�WKH�ILQDO�VWHS�LV�WR
ORRN�IRU�WKH�KLJKHVW�RI�WKHVH�PD[LPXPV�IRU�HDFK�\HDU�

7KLUG��\RX�DUH�VWLOO�OLPLWHG�E\�WKH�SURFHVVLQJ�FDSDFLW\�RI�D�VLQJOH�PDFKLQH��,I�WKH�EHVW
WLPH�\RX�FDQ�DFKLHYH�LV����PLQXWHV�ZLWK�WKH�QXPEHU�RI�SURFHVVRUV�\RX�KDYH��WKHQ�WKDW¦V
LW��<RX�FDQ¦W�PDNH�LW�JR�IDVWHU��$OVR��VRPH�GDWDVHWV�JURZ�EH\RQG�WKH�FDSDFLW\�RI�D�VLQJOH
PDFKLQH��:KHQ�ZH�VWDUW�XVLQJ�PXOWLSOH�PDFKLQHV��D�ZKROH�KRVW�RI�RWKHU�IDFWRUV�FRPH
LQWR�SOD\��PDLQO\�IDOOLQJ�LQWR�WKH�FDWHJRU\�RI�FRRUGLQDWLRQ�DQG�UHOLDELOLW\��:KR�UXQV�WKH
RYHUDOO�MRE"�+RZ�GR�ZH�GHDO�ZLWK�IDLOHG�SURFHVVHV"

6R��DOWKRXJK�LW¦V�IHDVLEOH�WR�SDUDOOHOL]H�WKH�SURFHVVLQJ��LQ�SUDFWLFH�LW¦V�PHVV\��8VLQJ�D
IUDPHZRUN�OLNH�+DGRRS�WR�WDNH�FDUH�RI�WKHVH�LVVXHV�LV�D�JUHDW�KHOS�

Analyzing the Data with Hadoop
7R�WDNH�DGYDQWDJH�RI�WKH�SDUDOOHO�SURFHVVLQJ�WKDW�+DGRRS�SURYLGHV��ZH�QHHG�WR�H[SUHVV
RXU�TXHU\�DV�D�0DS5HGXFH�MRE��$IWHU�VRPH�ORFDO��VPDOO�VFDOH�WHVWLQJ��ZH�ZLOO�EH�DEOH�WR
UXQ�LW�RQ�D�FOXVWHU�RI�PDFKLQHV�

Map and Reduce
0DS5HGXFH�ZRUNV�E\�EUHDNLQJ�WKH�SURFHVVLQJ�LQWR�WZR�SKDVHV��WKH�PDS�SKDVH�DQG�WKH
UHGXFH�SKDVH��(DFK�SKDVH�KDV�NH\�YDOXH�SDLUV�DV�LQSXW�DQG�RXWSXW��WKH�W\SHV�RI�ZKLFK
PD\�EH�FKRVHQ�E\�WKH�SURJUDPPHU��7KH�SURJUDPPHU�DOVR�VSHFLILHV�WZR�IXQFWLRQV��WKH
PDS�IXQFWLRQ�DQG�WKH�UHGXFH�IXQFWLRQ�

7KH�LQSXW�WR�RXU�PDS�SKDVH�LV�WKH�UDZ�1&'&�GDWD��:H�FKRRVH�D�WH[W�LQSXW�IRUPDW�WKDW
JLYHV�XV�HDFK�OLQH�LQ�WKH�GDWDVHW�DV�D�WH[W�YDOXH��7KH�NH\�LV�WKH�RIIVHW�RI�WKH�EHJLQQLQJ
RI�WKH�OLQH�IURP�WKH�EHJLQQLQJ�RI�WKH�ILOH��EXW�DV�ZH�KDYH�QR�QHHG�IRU�WKLV��ZH�LJQRUH�LW�
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2XU�PDS�IXQFWLRQ�LV�VLPSOH��:H�SXOO�RXW�WKH�\HDU�DQG�WKH�DLU�WHPSHUDWXUH�EHFDXVH�WKHVH
DUH�WKH�RQO\�ILHOGV�ZH�DUH�LQWHUHVWHG�LQ��,Q�WKLV�FDVH��WKH�PDS�IXQFWLRQ�LV� MXVW�D�GDWD
SUHSDUDWLRQ�SKDVH��VHWWLQJ�XS�WKH�GDWD�LQ�VXFK�D�ZD\�WKDW�WKH�UHGXFHU�IXQFWLRQ�FDQ�GR
LWV�ZRUN�RQ�LW��ILQGLQJ�WKH�PD[LPXP�WHPSHUDWXUH�IRU�HDFK�\HDU��7KH�PDS�IXQFWLRQ�LV
DOVR�D�JRRG�SODFH�WR�GURS�EDG�UHFRUGV��KHUH�ZH�ILOWHU�RXW�WHPSHUDWXUHV�WKDW�DUH�PLVVLQJ�
VXVSHFW��RU�HUURQHRXV�

7R�YLVXDOL]H�WKH�ZD\�WKH�PDS�ZRUNV��FRQVLGHU�WKH�IROORZLQJ�VDPSOH�OLQHV�RI�LQSXW�GDWD
�VRPH�XQXVHG�FROXPQV�KDYH�EHHQ�GURSSHG�WR�ILW�WKH�SDJH��LQGLFDWHG�E\�HOOLSVHV��

0067011990999991950051507004...9999999N9+00001+99999999999...
0043011990999991950051512004...9999999N9+00221+99999999999...
0043011990999991950051518004...9999999N9-00111+99999999999...
0043012650999991949032412004...0500001N9+01111+99999999999...
0043012650999991949032418004...0500001N9+00781+99999999999...

7KHVH�OLQHV�DUH�SUHVHQWHG�WR�WKH�PDS�IXQFWLRQ�DV�WKH�NH\�YDOXH�SDLUV�

(0, 0067011990999991950051507004...9999999N9+00001+99999999999...)
(106, 0043011990999991950051512004...9999999N9+00221+99999999999...)
(212, 0043011990999991950051518004...9999999N9-00111+99999999999...)
(318, 0043012650999991949032412004...0500001N9+01111+99999999999...)
(424, 0043012650999991949032418004...0500001N9+00781+99999999999...)

7KH�NH\V�DUH�WKH�OLQH�RIIVHWV�ZLWKLQ�WKH�ILOH��ZKLFK�ZH�LJQRUH�LQ�RXU�PDS�IXQFWLRQ��7KH
PDS�IXQFWLRQ�PHUHO\�H[WUDFWV�WKH�\HDU�DQG�WKH�DLU�WHPSHUDWXUH��LQGLFDWHG�LQ�EROG�WH[W��
DQG� HPLWV� WKHP� DV� LWV� RXWSXW� �WKH� WHPSHUDWXUH� YDOXHV� KDYH� EHHQ� LQWHUSUHWHG� DV
LQWHJHUV��

(1950, 0)
(1950, 22)
(1950, −11)
(1949, 111)
(1949, 78)

7KH�RXWSXW�IURP�WKH�PDS�IXQFWLRQ�LV�SURFHVVHG�E\�WKH�0DS5HGXFH�IUDPHZRUN�EHIRUH
EHLQJ�VHQW�WR�WKH�UHGXFH�IXQFWLRQ��7KLV�SURFHVVLQJ�VRUWV�DQG�JURXSV�WKH�NH\�YDOXH�SDLUV
E\�NH\��6R��FRQWLQXLQJ�WKH�H[DPSOH��RXU�UHGXFH�IXQFWLRQ�VHHV�WKH�IROORZLQJ�LQSXW�

(1949, [111, 78])
(1950, [0, 22, −11])

(DFK�\HDU�DSSHDUV�ZLWK�D�OLVW�RI�DOO�LWV�DLU�WHPSHUDWXUH�UHDGLQJV��$OO�WKH�UHGXFH�IXQFWLRQ
KDV�WR�GR�QRZ�LV�LWHUDWH�WKURXJK�WKH�OLVW�DQG�SLFN�XS�WKH�PD[LPXP�UHDGLQJ�

(1949, 111)
(1950, 22)

7KLV�LV�WKH�ILQDO�RXWSXW��WKH�PD[LPXP�JOREDO�WHPSHUDWXUH�UHFRUGHG�LQ�HDFK�\HDU�

7KH�ZKROH�GDWD�IORZ�LV�LOOXVWUDWHG�LQ�)LJXUH������$W�WKH�ERWWRP�RI�WKH�GLDJUDP�LV�D�8QL[
SLSHOLQH��ZKLFK�PLPLFV�WKH�ZKROH�0DS5HGXFH�IORZ�DQG�ZKLFK�ZH�ZLOO�VHH�DJDLQ�ODWHU
LQ�WKLV�FKDSWHU�ZKHQ�ZH�ORRN�DW�+DGRRS�6WUHDPLQJ�
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Java MapReduce
+DYLQJ�UXQ�WKURXJK�KRZ�WKH�0DS5HGXFH�SURJUDP�ZRUNV��WKH�QH[W�VWHS�LV�WR�H[SUHVV�LW
LQ�FRGH��:H�QHHG�WKUHH�WKLQJV��D�PDS�IXQFWLRQ��D�UHGXFH�IXQFWLRQ��DQG�VRPH�FRGH�WR
UXQ�WKH�MRE��7KH�PDS�IXQFWLRQ�LV�UHSUHVHQWHG�E\�WKH�Mapper�FODVV��ZKLFK�GHFODUHV�DQ
DEVWUDFW�map()�PHWKRG��([DPSOH�����VKRZV�WKH�LPSOHPHQWDWLRQ�RI�RXU�PDS�PHWKRG�

([DPSOH������0DSSHU�IRU�WKH�PD[LPXP�WHPSHUDWXUH�H[DPSOH

import java.io.IOException;

import org.apache.hadoop.io.IntWritable;
import org.apache.hadoop.io.LongWritable;
import org.apache.hadoop.io.Text;
import org.apache.hadoop.mapreduce.Mapper;

public class MaxTemperatureMapper
  extends Mapper<LongWritable, Text, Text, IntWritable> {

  private static final int MISSING = 9999;
  
  @Override
  public void map(LongWritable key, Text value, Context context)
      throws IOException, InterruptedException {
    
    String line = value.toString();
    String year = line.substring(15, 19);
    int airTemperature;
    if (line.charAt(87) == '+') { // parseInt doesn't like leading plus signs
      airTemperature = Integer.parseInt(line.substring(88, 92));
    } else {
      airTemperature = Integer.parseInt(line.substring(87, 92));
    }
    String quality = line.substring(92, 93);
    if (airTemperature != MISSING && quality.matches("[01459]")) {
      context.write(new Text(year), new IntWritable(airTemperature));
    }
  }
}

7KH�Mapper�FODVV�LV�D�JHQHULF�W\SH��ZLWK�IRXU�IRUPDO�W\SH�SDUDPHWHUV�WKDW�VSHFLI\�WKH
LQSXW�NH\��LQSXW�YDOXH��RXWSXW�NH\��DQG�RXWSXW�YDOXH�W\SHV�RI�WKH�PDS�IXQFWLRQ��)RU�WKH
SUHVHQW�H[DPSOH��WKH�LQSXW�NH\�LV�D�ORQJ�LQWHJHU�RIIVHW��WKH�LQSXW�YDOXH�LV�D�OLQH�RI�WH[W�

)LJXUH������0DS5HGXFH�ORJLFDO�GDWD�IORZ
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WKH�RXWSXW�NH\�LV�D�\HDU��DQG�WKH�RXWSXW�YDOXH�LV�DQ�DLU�WHPSHUDWXUH��DQ�LQWHJHU���5DWKHU
WKDQ�XVH�EXLOW�LQ�-DYD�W\SHV��+DGRRS�SURYLGHV�LWV�RZQ�VHW�RI�EDVLF�W\SHV�WKDW�DUH�RSWL�
PL]HG�IRU�QHWZRUN�VHULDOL]DWLRQ��7KHVH�DUH�IRXQG�LQ�WKH�org.apache.hadoop.io�SDFNDJH�
+HUH�ZH�XVH�LongWritable��ZKLFK�FRUUHVSRQGV�WR�D�-DYD�Long��Text��OLNH�-DYD�String��
DQG�IntWritable��OLNH�-DYD�Integer��

7KH�map()�PHWKRG�LV�SDVVHG�D�NH\�DQG�D�YDOXH��:H�FRQYHUW�WKH�Text�YDOXH�FRQWDLQLQJ
WKH� OLQH�RI� LQSXW� LQWR�D�-DYD�String�� WKHQ�XVH� LWV�substring()�PHWKRG�WR�H[WUDFW� WKH
FROXPQV�ZH�DUH�LQWHUHVWHG�LQ�

7KH�map()�PHWKRG�DOVR�SURYLGHV�DQ�LQVWDQFH�RI�Context�WR�ZULWH�WKH�RXWSXW�WR��,Q�WKLV
FDVH��ZH�ZULWH�WKH�\HDU�DV�D�Text�REMHFW��VLQFH�ZH�DUH�MXVW�XVLQJ�LW�DV�D�NH\���DQG�WKH
WHPSHUDWXUH�LV�ZUDSSHG�LQ�DQ�IntWritable��:H�ZULWH�DQ�RXWSXW�UHFRUG�RQO\�LI�WKH�WHP�
SHUDWXUH�LV�SUHVHQW�DQG�WKH�TXDOLW\�FRGH�LQGLFDWHV�WKH�WHPSHUDWXUH�UHDGLQJ�LV�2.�

7KH�UHGXFH�IXQFWLRQ�LV�VLPLODUO\�GHILQHG�XVLQJ�D�Reducer��DV�LOOXVWUDWHG�LQ�([DPSOH�����

([DPSOH������5HGXFHU�IRU�WKH�PD[LPXP�WHPSHUDWXUH�H[DPSOH

import java.io.IOException;

import org.apache.hadoop.io.IntWritable;
import org.apache.hadoop.io.Text;
import org.apache.hadoop.mapreduce.Reducer;

public class MaxTemperatureReducer
  extends Reducer<Text, IntWritable, Text, IntWritable> {
  
  @Override
  public void reduce(Text key, Iterable<IntWritable> values,
      Context context)
      throws IOException, InterruptedException {
    
    int maxValue = Integer.MIN_VALUE;
    for (IntWritable value : values) {
      maxValue = Math.max(maxValue, value.get());
    }
    context.write(key, new IntWritable(maxValue));
  }
}

$JDLQ��IRXU�IRUPDO�W\SH�SDUDPHWHUV�DUH�XVHG�WR�VSHFLI\�WKH�LQSXW�DQG�RXWSXW�W\SHV��WKLV
WLPH�IRU�WKH�UHGXFH�IXQFWLRQ��7KH�LQSXW�W\SHV�RI�WKH�UHGXFH�IXQFWLRQ�PXVW�PDWFK�WKH
RXWSXW�W\SHV�RI�WKH�PDS�IXQFWLRQ��Text�DQG�IntWritable��$QG�LQ�WKLV�FDVH��WKH�RXWSXW
W\SHV�RI�WKH�UHGXFH�IXQFWLRQ�DUH�Text�DQG�IntWritable�� IRU�D�\HDU�DQG�LWV�PD[LPXP
WHPSHUDWXUH��ZKLFK�ZH�ILQG�E\�LWHUDWLQJ�WKURXJK�WKH�WHPSHUDWXUHV�DQG�FRPSDULQJ�HDFK
ZLWK�D�UHFRUG�RI�WKH�KLJKHVW�IRXQG�VR�IDU�

7KH�WKLUG�SLHFH�RI�FRGH�UXQV�WKH�0DS5HGXFH�MRE��VHH�([DPSOH������
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([DPSOH������$SSOLFDWLRQ�WR�ILQG�WKH�PD[LPXP�WHPSHUDWXUH�LQ�WKH�ZHDWKHU�GDWDVHW

import org.apache.hadoop.fs.Path;
import org.apache.hadoop.io.IntWritable;
import org.apache.hadoop.io.Text;
import org.apache.hadoop.mapreduce.Job;
import org.apache.hadoop.mapreduce.lib.input.FileInputFormat;
import org.apache.hadoop.mapreduce.lib.output.FileOutputFormat;

public class MaxTemperature {

  public static void main(String[] args) throws Exception {
    if (args.length != 2) {
      System.err.println("Usage: MaxTemperature <input path> <output path>");
      System.exit(-1);
    }
    
    Job job = new Job();
    job.setJarByClass(MaxTemperature.class);
    job.setJobName("Max temperature");

    FileInputFormat.addInputPath(job, new Path(args[0]));
    FileOutputFormat.setOutputPath(job, new Path(args[1]));
    
    job.setMapperClass(MaxTemperatureMapper.class);
    job.setReducerClass(MaxTemperatureReducer.class);

    job.setOutputKeyClass(Text.class);
    job.setOutputValueClass(IntWritable.class);
    
    System.exit(job.waitForCompletion(true) ? 0 : 1);
  }
}

$�Job�REMHFW�IRUPV�WKH�VSHFLILFDWLRQ�RI�WKH�MRE�DQG�JLYHV�\RX�FRQWURO�RYHU�KRZ�WKH�MRE
LV�UXQ��:KHQ�ZH�UXQ�WKLV�MRE�RQ�D�+DGRRS�FOXVWHU��ZH�ZLOO�SDFNDJH�WKH�FRGH�LQWR�D�-$5
ILOH��ZKLFK�+DGRRS�ZLOO�GLVWULEXWH�DURXQG�WKH�FOXVWHU���5DWKHU�WKDQ�H[SOLFLWO\�VSHFLI\
WKH�QDPH�RI�WKH�-$5�ILOH��ZH�FDQ�SDVV�D�FODVV�LQ�WKH�Job¦V�setJarByClass()�PHWKRG��ZKLFK
+DGRRS�ZLOO�XVH�WR�ORFDWH�WKH�UHOHYDQW�-$5�ILOH�E\�ORRNLQJ�IRU�WKH�-$5�ILOH�FRQWDLQLQJ
WKLV�FODVV�

+DYLQJ�FRQVWUXFWHG�D�Job�REMHFW��ZH�VSHFLI\�WKH�LQSXW�DQG�RXWSXW�SDWKV��$Q�LQSXW�SDWK
LV�VSHFLILHG�E\�FDOOLQJ�WKH�VWDWLF�addInputPath()�PHWKRG�RQ�FileInputFormat��DQG�LW�FDQ
EH�D�VLQJOH�ILOH��D�GLUHFWRU\��LQ�ZKLFK�FDVH�WKH�LQSXW�IRUPV�DOO�WKH�ILOHV�LQ�WKDW�GLUHFWRU\��
RU�D�ILOH�SDWWHUQ��$V�WKH�QDPH�VXJJHVWV��addInputPath()�FDQ�EH�FDOOHG�PRUH�WKDQ�RQFH
WR�XVH�LQSXW�IURP�PXOWLSOH�SDWKV�

7KH� RXWSXW� SDWK� �RI� ZKLFK� WKHUH� LV� RQO\� RQH�� LV� VSHFLILHG� E\� WKH� VWDWLF� setOutput
Path()�PHWKRG�RQ�FileOutputFormat��,W�VSHFLILHV�D�GLUHFWRU\�ZKHUH�WKH�RXWSXW�ILOHV�IURP
WKH�UHGXFHU�IXQFWLRQV�DUH�ZULWWHQ��7KH�GLUHFWRU\�VKRXOGQ¦W�H[LVW�EHIRUH�UXQQLQJ�WKH�MRE
EHFDXVH�+DGRRS�ZLOO�FRPSODLQ�DQG�QRW�UXQ�WKH�MRE��7KLV�SUHFDXWLRQ�LV�WR�SUHYHQW�GDWD
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ORVV��LW�FDQ�EH�YHU\�DQQR\LQJ�WR�DFFLGHQWDOO\�RYHUZULWH�WKH�RXWSXW�RI�D�ORQJ�MRE�ZLWK
DQRWKHU��

1H[W�� ZH� VSHFLI\� WKH�PDS� DQG� UHGXFH� W\SHV� WR� XVH� YLD� WKH� setMapperClass()� DQG�
setReducerClass()�PHWKRGV�

7KH�setOutputKeyClass()�DQG�setOutputValueClass()�PHWKRGV�FRQWURO�WKH�RXWSXW�W\SHV
IRU�WKH�PDS�DQG�WKH�UHGXFH�IXQFWLRQV��ZKLFK�DUH�RIWHQ�WKH�VDPH��DV�WKH\�DUH�LQ�RXU�FDVH�
,I� WKH\� DUH� GLIIHUHQW�� WKH� PDS� RXWSXW� W\SHV� FDQ� EH� VHW� XVLQJ� WKH� PHWKRGV�
setMapOutputKeyClass()�DQG�setMapOutputValueClass()�

7KH�LQSXW�W\SHV�DUH�FRQWUROOHG�YLD�WKH�LQSXW�IRUPDW��ZKLFK�ZH�KDYH�QRW�H[SOLFLWO\�VHW
EHFDXVH�ZH�DUH�XVLQJ�WKH�GHIDXOW�TextInputFormat�

$IWHU�VHWWLQJ�WKH�FODVVHV�WKDW�GHILQH�WKH�PDS�DQG�UHGXFH�IXQFWLRQV��ZH�DUH�UHDG\�WR�UXQ
WKH�MRE��7KH�waitForCompletion()�PHWKRG�RQ�Job�VXEPLWV�WKH�MRE�DQG�ZDLWV�IRU�LW�WR
ILQLVK��7KH�PHWKRG¦V�%RROHDQ�DUJXPHQW�LV�D�YHUERVH�IODJ��VR�LQ�WKLV�FDVH�WKH�MRE�ZULWHV
LQIRUPDWLRQ�DERXW�LWV�SURJUHVV�WR�WKH�FRQVROH�

7KH�UHWXUQ�YDOXH�RI�WKH�waitForCompletion()�PHWKRG�LV�D�%RROHDQ�LQGLFDWLQJ�VXFFHVV
�true��RU�IDLOXUH��false���ZKLFK�ZH�WUDQVODWH�LQWR�WKH�SURJUDP¦V�H[LW�FRGH�RI�0�RU�1�

A test run
$IWHU�ZULWLQJ�D�0DS5HGXFH�MRE��LW¦V�QRUPDO�WR�WU\�LW�RXW�RQ�D�VPDOO�GDWDVHW�WR�IOXVK�RXW
DQ\�LPPHGLDWH�SUREOHPV�ZLWK�WKH�FRGH��)LUVW��LQVWDOO�+DGRRS�LQ�VWDQGDORQH�PRGH¢
WKHUH�DUH�LQVWUXFWLRQV�IRU�KRZ�WR�GR�WKLV�LQ�$SSHQGL[�$��7KLV�LV�WKH�PRGH�LQ�ZKLFK
+DGRRS�UXQV�XVLQJ�WKH�ORFDO�ILOHV\VWHP�ZLWK�D�ORFDO�MRE�UXQQHU��7KHQ��LQVWDOO�DQG�FRP�
SLOH�WKH�H[DPSOHV�XVLQJ�WKH�LQVWUXFWLRQV�RQ�WKH�ERRN¦V�ZHEVLWH�

/HW¦V�WHVW�LW�RQ�WKH�ILYH�OLQH�VDPSOH�GLVFXVVHG�HDUOLHU��WKH�RXWSXW�KDV�EHHQ�VOLJKWO\�UH�
IRUPDWWHG�WR�ILW�WKH�SDJH��

% export HADOOP_CLASSPATH=hadoop-examples.jar
% hadoop MaxTemperature input/ncdc/sample.txt output
12/02/04 11:50:41 WARN util.NativeCodeLoader: Unable to load native-hadoop library 
for your platform... using builtin-java classes where applicable
12/02/04 11:50:41 WARN mapred.JobClient: Use GenericOptionsParser for parsing the 
arguments. Applications should implement Tool for the same.
12/02/04 11:50:41 INFO input.FileInputFormat: Total input paths to process : 1
12/02/04 11:50:41 INFO mapred.JobClient: Running job: job_local_0001
12/02/04 11:50:41 INFO mapred.Task:  Using ResourceCalculatorPlugin : null
12/02/04 11:50:41 INFO mapred.MapTask: io.sort.mb = 100
12/02/04 11:50:42 INFO mapred.MapTask: data buffer = 79691776/99614720
12/02/04 11:50:42 INFO mapred.MapTask: record buffer = 262144/327680
12/02/04 11:50:42 INFO mapred.MapTask: Starting flush of map output
12/02/04 11:50:42 INFO mapred.MapTask: Finished spill 0
12/02/04 11:50:42 INFO mapred.Task: Task:attempt_local_0001_m_000000_0 is done. And i
s in the process of commiting
12/02/04 11:50:42 INFO mapred.JobClient:  map 0% reduce 0%
12/02/04 11:50:44 INFO mapred.LocalJobRunner: 
12/02/04 11:50:44 INFO mapred.Task: Task 'attempt_local_0001_m_000000_0' done.
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12/02/04 11:50:44 INFO mapred.Task:  Using ResourceCalculatorPlugin : null
12/02/04 11:50:44 INFO mapred.LocalJobRunner: 
12/02/04 11:50:44 INFO mapred.Merger: Merging 1 sorted segments
12/02/04 11:50:44 INFO mapred.Merger: Down to the last merge-pass, with 1 segments 
left of total size: 57 bytes
12/02/04 11:50:44 INFO mapred.LocalJobRunner: 
12/02/04 11:50:45 INFO mapred.Task: Task:attempt_local_0001_r_000000_0 is done. And 
is in the process of commiting
12/02/04 11:50:45 INFO mapred.LocalJobRunner: 
12/02/04 11:50:45 INFO mapred.Task: Task attempt_local_0001_r_000000_0 is allowed to 
commit now
12/02/04 11:50:45 INFO output.FileOutputCommitter: Saved output of task 'attempt_local
_0001_r_000000_0' to output
12/02/04 11:50:45 INFO mapred.JobClient:  map 100% reduce 0%
12/02/04 11:50:47 INFO mapred.LocalJobRunner: reduce > reduce
12/02/04 11:50:47 INFO mapred.Task: Task 'attempt_local_0001_r_000000_0' done.
12/02/04 11:50:48 INFO mapred.JobClient:  map 100% reduce 100%
12/02/04 11:50:48 INFO mapred.JobClient: Job complete: job_local_0001
12/02/04 11:50:48 INFO mapred.JobClient: Counters: 17
12/02/04 11:50:48 INFO mapred.JobClient:   File Output Format Counters 
12/02/04 11:50:48 INFO mapred.JobClient:     Bytes Written=29
12/02/04 11:50:48 INFO mapred.JobClient:   FileSystemCounters
12/02/04 11:50:48 INFO mapred.JobClient:     FILE_BYTES_READ=357503
12/02/04 11:50:48 INFO mapred.JobClient:     FILE_BYTES_WRITTEN=425817
12/02/04 11:50:48 INFO mapred.JobClient:   File Input Format Counters 
12/02/04 11:50:48 INFO mapred.JobClient:     Bytes Read=529
12/02/04 11:50:48 INFO mapred.JobClient:   Map-Reduce Framework
12/02/04 11:50:48 INFO mapred.JobClient:     Map output materialized bytes=61
12/02/04 11:50:48 INFO mapred.JobClient:     Map input records=5
12/02/04 11:50:48 INFO mapred.JobClient:     Reduce shuffle bytes=0
12/02/04 11:50:48 INFO mapred.JobClient:     Spilled Records=10
12/02/04 11:50:48 INFO mapred.JobClient:     Map output bytes=45
12/02/04 11:50:48 INFO mapred.JobClient:     Total committed heap usage (bytes)=36923
8016
12/02/04 11:50:48 INFO mapred.JobClient:     SPLIT_RAW_BYTES=129
12/02/04 11:50:48 INFO mapred.JobClient:     Combine input records=0
12/02/04 11:50:48 INFO mapred.JobClient:     Reduce input records=5
12/02/04 11:50:48 INFO mapred.JobClient:     Reduce input groups=2
12/02/04 11:50:48 INFO mapred.JobClient:     Combine output records=0
12/02/04 11:50:48 INFO mapred.JobClient:     Reduce output records=2
12/02/04 11:50:48 INFO mapred.JobClient:     Map output records=5

:KHQ� WKH� hadoop� FRPPDQG� LV� LQYRNHG� ZLWK� D� FODVVQDPH� DV� WKH� ILUVW� DUJXPHQW�� LW
ODXQFKHV�D�-DYD�9LUWXDO�0DFKLQH��-90��WR�UXQ�WKH�FODVV��,W�LV�PRUH�FRQYHQLHQW�WR�XVH
hadoop�WKDQ�VWUDLJKW�java�EHFDXVH�WKH�IRUPHU�DGGV�WKH�+DGRRS�OLEUDULHV��DQG�WKHLU�GH�
SHQGHQFLHV��WR�WKH�FODVVSDWK�DQG�SLFNV�XS�WKH�+DGRRS�FRQILJXUDWLRQ��WRR��7R�DGG�WKH
DSSOLFDWLRQ� FODVVHV� WR� WKH� FODVVSDWK��ZH¦YH� GHILQHG� DQ� HQYLURQPHQW� YDULDEOH� FDOOHG�
HADOOP_CLASSPATH��ZKLFK�WKH�hadoop�VFULSW�SLFNV�XS�

:KHQ�UXQQLQJ�LQ�ORFDO��VWDQGDORQH��PRGH��WKH�SURJUDPV�LQ�WKLV�ERRN
DOO�DVVXPH�WKDW�\RX�KDYH�VHW�WKH�HADOOP_CLASSPATH�LQ�WKLV�ZD\��7KH�FRP�
PDQGV� VKRXOG� EH� UXQ� IURP� WKH� GLUHFWRU\� WKDW� WKH� H[DPSOH� FRGH� LV
LQVWDOOHG�LQ�
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7KH� RXWSXW� IURP� UXQQLQJ� WKH� MRE� SURYLGHV� VRPH� XVHIXO� LQIRUPDWLRQ�� )RU� H[DPSOH�
ZH�FDQ�VHH�WKDW�WKH�MRE�ZDV�JLYHQ�DQ�,'�RI�job_local_0001��DQG�LW�UDQ�RQH�PDS�WDVN
DQG� RQH� UHGXFH� WDVN� �ZLWK� WKH� ,'V� attempt_local_0001_m_000000_0� DQG
attempt_local_0001_r_000000_0���.QRZLQJ�WKH�MRE�DQG�WDVN�,'V�FDQ�EH�YHU\�XVHIXO�ZKHQ
GHEXJJLQJ�0DS5HGXFH�MREV�

7KH� ODVW� VHFWLRQ�RI� WKH�RXWSXW�� WLWOHG�£&RXQWHUV�¤� VKRZV� WKH� VWDWLVWLFV� WKDW�+DGRRS
JHQHUDWHV�IRU�HDFK�MRE�LW�UXQV��7KHVH�DUH�YHU\�XVHIXO�IRU�FKHFNLQJ�ZKHWKHU�WKH�DPRXQW
RI�GDWD�SURFHVVHG�LV�ZKDW�\RX�H[SHFWHG��)RU�H[DPSOH��ZH�FDQ�IROORZ�WKH�QXPEHU�RI
UHFRUGV�WKDW�ZHQW�WKURXJK�WKH�V\VWHP��ILYH�PDS�LQSXWV�SURGXFHG�ILYH�PDS�RXWSXWV��WKHQ
ILYH�UHGXFH�LQSXWV�LQ�WZR�JURXSV�SURGXFHG�WZR�UHGXFH�RXWSXWV�

7KH�RXWSXW�ZDV�ZULWWHQ�WR�WKH�RXWSXW�GLUHFWRU\��ZKLFK�FRQWDLQV�RQH�RXWSXW� ILOH�SHU
UHGXFHU��7KH�MRE�KDG�D�VLQJOH�UHGXFHU��VR�ZH�ILQG�D�VLQJOH�ILOH��QDPHG�SDUW�U�������

% cat output/part-r-00000
1949    111
1950    22

7KLV�UHVXOW�LV�WKH�VDPH�DV�ZKHQ�ZH�ZHQW�WKURXJK�LW�E\�KDQG�HDUOLHU��:H�LQWHUSUHW�WKLV
DV�VD\LQJ�WKDW�WKH�PD[LPXP�WHPSHUDWXUH�UHFRUGHG�LQ������ZDV������&��DQG�LQ������LW
ZDV�����&�

The old and the new Java MapReduce APIs
7KH�-DYD�0DS5HGXFH�$3,�XVHG�LQ�WKH�SUHYLRXV�VHFWLRQ�ZDV�ILUVW�UHOHDVHG�LQ�+DGRRS
��������7KLV�QHZ�$3,��VRPHWLPHV�UHIHUUHG�WR�DV�£&RQWH[W�2EMHFWV�¤�ZDV�GHVLJQHG�WR
PDNH�WKH�$3,�HDVLHU�WR�HYROYH�LQ�WKH�IXWXUH��,W�LV�W\SH�LQFRPSDWLEOH�ZLWK�WKH�ROG��KRZ�
HYHU��VR�DSSOLFDWLRQV�QHHG�WR�EH�UHZULWWHQ�WR�WDNH�DGYDQWDJH�RI�LW�

7KH�QHZ�$3,�LV�ODUJHO\�FRPSOHWH�LQ�WKH�ODWHVW���[�UHOHDVH�VHULHV��ZKLFK�LV�D�FRQWLQXDWLRQ
RI�WKH������VHULHV���H[FHSW�IRU�D�IHZ�0DS5HGXFH�OLEUDULHV�WKDW�DUH�PLVVLQJ��FKHFN�LQ�WKH
ODWHVW�UHOHDVH�WR�VHH�ZKHWKHU�WKH�OLEUDU\�\RX�ZDQW�WR�XVH�LV�DYDLODEOH�LQ�D�VXESDFNDJH�RI
org.apache.hadoop.mapreduce.lib��

3UHYLRXV� HGLWLRQV� RI� WKLV� ERRN� ZHUH� EDVHG� RQ� ����� UHOHDVHV� DQG� XVHG� WKH� ROG� $3,
WKURXJKRXW��,Q�WKLV�HGLWLRQ��WKH�QHZ�$3,�LV�XVHG�DV�WKH�SULPDU\�$3,��H[FHSW�LQ�D�IHZ
SODFHV��+RZHYHU��VKRXOG�\RX�ZLVK�WR�XVH�WKH�ROG�$3,��\RX�FDQ��VLQFH�WKH�FRGH�IRU�DOO
WKH�H[DPSOHV�LQ�WKLV�ERRN�LV�DYDLODEOH�IRU�WKH�ROG�$3,�RQ�WKH�ERRN¦V�ZHEVLWH���$�IHZ�RI
WKH�HDUO\������UHOHDVHV�GHSUHFDWHG�WKH�ROG�$3,��EXW�WKH�GHSUHFDWLRQ�ZDV�UHPRYHG�LQ�ODWHU
UHOHDVHV��VR�WKDW�DOO���[�DQG���[�UHOHDVHV�QRZ�VXSSRUW�ERWK�WKH�ROG�DQG�QHZ�$3,V�ZLWKRXW
FDXVLQJ�GHSUHFDWLRQ�ZDUQLQJV��

7KHUH�DUH�VHYHUDO�QRWDEOH�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�$3,V�

� 7KH�QHZ�$3,�IDYRUV�DEVWUDFW�FODVVHV�RYHU�LQWHUIDFHV��VLQFH�WKHVH�DUH�HDVLHU�WR�HYROYH�
7KLV�PHDQV� WKDW� \RX� FDQ�DGG�D�PHWKRG� �ZLWK� D�GHIDXOW� LPSOHPHQWDWLRQ�� WR� DQ
DEVWUDFW�FODVV�ZLWKRXW�EUHDNLQJ�ROG�LPSOHPHQWDWLRQV�RI�WKH�FODVV���)RU�H[DPSOH�
WKH�Mapper�DQG�Reducer�LQWHUIDFHV�LQ�WKH�ROG�$3,�DUH�DEVWUDFW�FODVVHV�LQ�WKH�QHZ�$3,�
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� 7KH�QHZ�$3,�LV�LQ�WKH�org.apache.hadoop.mapreduce�SDFNDJH��DQG�VXESDFNDJHV��
7KH�ROG�$3,�FDQ�VWLOO�EH�IRXQG�LQ�org.apache.hadoop.mapred�

� 7KH�QHZ�$3,�PDNHV�H[WHQVLYH�XVH�RI�FRQWH[W�REMHFWV�WKDW�DOORZ�WKH�XVHU�FRGH�WR
FRPPXQLFDWH�ZLWK�WKH�0DS5HGXFH�V\VWHP��7KH�QHZ�Context��IRU�H[DPSOH��HVVHQ�
WLDOO\�XQLILHV�WKH�UROH�RI�WKH�JobConf��WKH�OutputCollector��DQG�WKH�Reporter�IURP
WKH�ROG�$3,�

� ,Q�ERWK�$3,V��NH\�YDOXH�UHFRUG�SDLUV�DUH�SXVKHG�WR�WKH�PDSSHU�DQG�UHGXFHU��EXW�LQ
DGGLWLRQ��WKH�QHZ�$3,�DOORZV�ERWK�PDSSHUV�DQG�UHGXFHUV�WR�FRQWURO�WKH�H[HFXWLRQ
IORZ�E\�RYHUULGLQJ�WKH�run()�PHWKRG��)RU�H[DPSOH��UHFRUGV�FDQ�EH�SURFHVVHG�LQ
EDWFKHV��RU�WKH�H[HFXWLRQ�FDQ�EH�WHUPLQDWHG�EHIRUH�DOO�WKH�UHFRUGV�KDYH�EHHQ�SUR�
FHVVHG��,Q�WKH�ROG�$3,�WKLV�LV�SRVVLEOH�IRU�PDSSHUV�E\�ZULWLQJ�D�MapRunnable��EXW�QR
HTXLYDOHQW�H[LVWV�IRU�UHGXFHUV�

� -RE�FRQWURO�LV�SHUIRUPHG�WKURXJK�WKH�Job�FODVV�LQ�WKH�QHZ�$3,��UDWKHU�WKDQ�WKH�ROG�
JobClient��ZKLFK�QR�ORQJHU�H[LVWV�LQ�WKH�QHZ�$3,�

� &RQILJXUDWLRQ�KDV�EHHQ�XQLILHG��7KH�ROG�$3,�KDV�D�VSHFLDO�JobConf�REMHFW�IRU�MRE
FRQILJXUDWLRQ��ZKLFK� LV� DQ� H[WHQVLRQ� RI�+DGRRS¦V� YDQLOOD� Configuration� REMHFW
�XVHG�IRU�FRQILJXULQJ�GDHPRQV��VHH�£7KH�&RQILJXUDWLRQ�$3,¤�RQ�SDJH�������,Q�WKH
QHZ�$3,��MRE�FRQILJXUDWLRQ�LV�GRQH�WKURXJK�D�Configuration��SRVVLEO\�YLD�VRPH�RI
WKH�KHOSHU�PHWKRGV�RQ�Job�

� 2XWSXW�ILOHV�DUH�QDPHG�VOLJKWO\�GLIIHUHQWO\��LQ�WKH�ROG�$3,�ERWK�PDS�DQG�UHGXFH
RXWSXWV�DUH�QDPHG�SDUW�nnnnn��ZKHUHDV�LQ�WKH�QHZ�$3,�PDS�RXWSXWV�DUH�QDPHG
SDUW�P�nnnnn��DQG�UHGXFH�RXWSXWV�DUH�QDPHG�SDUW�U�nnnnn��ZKHUH�nnnnn�LV�DQ�LQWHJHU
GHVLJQDWLQJ�WKH�SDUW�QXPEHU��VWDUWLQJ�IURP�]HUR��

� 8VHU�RYHUULGDEOH�PHWKRGV�LQ�WKH�QHZ�$3,�DUH�GHFODUHG�WR�WKURZ�java.lang.Inter
ruptedException��7KLV�PHDQV� WKDW�\RX�FDQ�ZULWH�\RXU�FRGH� WR�EH� UHVSRQVLYH� WR
LQWHUUXSWV�VR�WKDW�WKH�IUDPHZRUN�FDQ�JUDFHIXOO\�FDQFHO�ORQJ�UXQQLQJ�RSHUDWLRQV�LI
LW�QHHGV�WR��

� ,Q�WKH�QHZ�$3,��WKH�reduce()�PHWKRG�SDVVHV�YDOXHV�DV�D�java.lang.Iterable��UDWKHU
WKDQ�D�java.lang.Iterator��DV�WKH�ROG�$3,�GRHV���7KLV�FKDQJH�PDNHV�LW�HDVLHU�WR
LWHUDWH�RYHU�WKH�YDOXHV�XVLQJ�-DYD¦V�IRU�HDFK�ORRS�FRQVWUXFW�

for (VALUEIN value : values) { ... }

([DPSOH�����VKRZV�WKH�MaxTemperature�DSSOLFDWLRQ�UHZULWWHQ�WR�XVH�WKH�ROG�$3,��7KH
GLIIHUHQFHV�DUH�KLJKOLJKWHG�LQ�EROG�

�� 7HFKQLFDOO\��VXFK�D�FKDQJH�ZRXOG�DOPRVW�FHUWDLQO\�EUHDN�LPSOHPHQWDWLRQV�WKDW�DOUHDG\�GHILQH�D�PHWKRG
ZLWK�WKH�VDPH�VLJQDWXUH�DV�WKH�QHZ�RQH��EXW�DV�WKH�DUWLFOH�DW�KWWS���ZLNL�HFOLSVH�RUJ�(YROYLQJB-DYD�EDVHG
B$3,V�([DPSOHB�B�B$GGLQJBDQB$3,BPHWKRG� H[SODLQV�� IRU� DOO� SUDFWLFDO� SXUSRVHV� WKLV� LV� WUHDWHG� DV� D
FRPSDWLEOH�FKDQJH�

�� £'HDOLQJ�ZLWK�,QWHUUXSWHG([FHSWLRQ¤�E\�%ULDQ�*RHW]�H[SODLQV�WKLV�WHFKQLTXH�LQ�GHWDLO�
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:KHQ�FRQYHUWLQJ�\RXU�Mapper�DQG�Reducer�FODVVHV�WR�WKH�QHZ�$3,��GRQ¦W
IRUJHW�WR�FKDQJH�WKH�VLJQDWXUH�RI�WKH�map()�DQG�reduce()�PHWKRGV�WR�WKH
QHZ� IRUP�� -XVW� FKDQJLQJ� \RXU� FODVV� WR� H[WHQG� WKH� QHZ� Mapper� RU�
Reducer�FODVVHV�ZLOO�QRW�SURGXFH�D�FRPSLODWLRQ�HUURU�RU�ZDUQLQJ��EHFDXVH
WKHVH�FODVVHV�SURYLGH�DQ�LGHQWLW\�IRUP�RI�WKH�map()�RU�reduce()�PHWKRG
�UHVSHFWLYHO\���<RXU�PDSSHU�RU�UHGXFHU�FRGH��KRZHYHU��ZLOO�QRW�EH�LQ�
YRNHG��ZKLFK�FDQ�OHDG�WR�VRPH�KDUG�WR�GLDJQRVH�HUURUV�

$QQRWDWLQJ�\RXU�map()�DQG�reduce()�PHWKRGV�ZLWK�WKH�@Override�DQ�
QRWDWLRQ�ZLOO�DOORZ�WKH�-DYD�FRPSLOHU�WR�FDWFK�WKHVH�HUURUV�

([DPSOH������$SSOLFDWLRQ�WR�ILQG�WKH�PD[LPXP�WHPSHUDWXUH��XVLQJ�WKH�ROG�0DS5HGXFH�$3,

public class OldMaxTemperature {
  
  static class OldMaxTemperatureMapper extends MapReduceBase
    implements Mapper<LongWritable, Text, Text, IntWritable> {
  
    private static final int MISSING = 9999;
    
    @Override
    public void map(LongWritable key, Text value,
        OutputCollector<Text, IntWritable> output, Reporter reporter)
        throws IOException {
      
      String line = value.toString();
      String year = line.substring(15, 19);
      int airTemperature;
      if (line.charAt(87) == '+') { // parseInt doesn't like leading plus signs
        airTemperature = Integer.parseInt(line.substring(88, 92));
      } else {
        airTemperature = Integer.parseInt(line.substring(87, 92));
      }
      String quality = line.substring(92, 93);
      if (airTemperature != MISSING && quality.matches("[01459]")) {
        output.collect(new Text(year), new IntWritable(airTemperature));
      }
    }
  }
  
  static class OldMaxTemperatureReducer extends MapReduceBase
    implements Reducer<Text, IntWritable, Text, IntWritable> {

    @Override
    public void reduce(Text key, Iterator<IntWritable> values,
        OutputCollector<Text, IntWritable> output, Reporter reporter)
        throws IOException {
      
      int maxValue = Integer.MIN_VALUE;
      while (values.hasNext()) {
        maxValue = Math.max(maxValue, values.next().get());
      }
      output.collect(key, new IntWritable(maxValue));
    }
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  }

  public static void main(String[] args) throws IOException {
    if (args.length != 2) {
      System.err.println("Usage: OldMaxTemperature <input path> <output path>");
      System.exit(-1);
    }
    
    JobConf conf = new JobConf(OldMaxTemperature.class);
    conf.setJobName("Max temperature");

    FileInputFormat.addInputPath(conf, new Path(args[0]));
    FileOutputFormat.setOutputPath(conf, new Path(args[1]));
    
    conf.setMapperClass(OldMaxTemperatureMapper.class);
    conf.setReducerClass(OldMaxTemperatureReducer.class);

    conf.setOutputKeyClass(Text.class);
    conf.setOutputValueClass(IntWritable.class);

    JobClient.runJob(conf);
  }
}

Scaling Out
<RX¦YH�VHHQ�KRZ�0DS5HGXFH�ZRUNV�IRU�VPDOO�LQSXWV��QRZ�LW¦V�WLPH�WR�WDNH�D�ELUG¦V�H\H
YLHZ� RI� WKH� V\VWHP� DQG� ORRN� DW� WKH� GDWD� IORZ� IRU� ODUJH� LQSXWV�� )RU� VLPSOLFLW\�� WKH
H[DPSOHV�VR�IDU�KDYH�XVHG�ILOHV�RQ�WKH�ORFDO�ILOHV\VWHP��+RZHYHU��WR�VFDOH�RXW��ZH�QHHG
WR�VWRUH�WKH�GDWD�LQ�D�GLVWULEXWHG�ILOHV\VWHP��W\SLFDOO\�+')6��ZKLFK�\RX¦OO�OHDUQ�DERXW
LQ�WKH�QH[W�FKDSWHU���WR�DOORZ�+DGRRS�WR�PRYH�WKH�0DS5HGXFH�FRPSXWDWLRQ�WR�HDFK
PDFKLQH�KRVWLQJ�D�SDUW�RI�WKH�GDWD��/HW¦V�VHH�KRZ�WKLV�ZRUNV�

Data Flow
)LUVW��VRPH�WHUPLQRORJ\��$�0DS5HGXFH�MRE�LV�D�XQLW�RI�ZRUN�WKDW�WKH�FOLHQW�ZDQWV�WR�EH
SHUIRUPHG��LW�FRQVLVWV�RI�WKH�LQSXW�GDWD��WKH�0DS5HGXFH�SURJUDP��DQG�FRQILJXUDWLRQ
LQIRUPDWLRQ��+DGRRS�UXQV�WKH�MRE�E\�GLYLGLQJ�LW�LQWR�WDVNV��RI�ZKLFK�WKHUH�DUH�WZR�W\SHV�
PDS�WDVNV�DQG�UHGXFH�WDVNV�

7KHUH�DUH�WZR�W\SHV�RI�QRGHV�WKDW�FRQWURO�WKH�MRE�H[HFXWLRQ�SURFHVV��D�MREWUDFNHU�DQG
D�QXPEHU�RI�WDVNWUDFNHUV��7KH�MREWUDFNHU�FRRUGLQDWHV�DOO�WKH�MREV�UXQ�RQ�WKH�V\VWHP�E\
VFKHGXOLQJ� WDVNV� WR� UXQ� RQ� WDVNWUDFNHUV�� 7DVNWUDFNHUV� UXQ� WDVNV� DQG� VHQG� SURJUHVV
UHSRUWV�WR�WKH�MREWUDFNHU��ZKLFK�NHHSV�D�UHFRUG�RI�WKH�RYHUDOO�SURJUHVV�RI�HDFK�MRE��,I�D
WDVN�IDLOV��WKH�MREWUDFNHU�FDQ�UHVFKHGXOH�LW�RQ�D�GLIIHUHQW�WDVNWUDFNHU�

+DGRRS� GLYLGHV� WKH� LQSXW� WR� D� 0DS5HGXFH� MRE� LQWR� IL[HG�VL]H� SLHFHV� FDOOHG� LQSXW
VSOLWV��RU�MXVW�VSOLWV��+DGRRS�FUHDWHV�RQH�PDS�WDVN�IRU�HDFK�VSOLW��ZKLFK�UXQV�WKH�XVHU�
GHILQHG�PDS�IXQFWLRQ�IRU�HDFK�UHFRUG�LQ�WKH�VSOLW�
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+DYLQJ�PDQ\�VSOLWV�PHDQV�WKH�WLPH�WDNHQ�WR�SURFHVV�HDFK�VSOLW�LV�VPDOO�FRPSDUHG�WR�WKH
WLPH�WR�SURFHVV�WKH�ZKROH�LQSXW��6R�LI�ZH�DUH�SURFHVVLQJ�WKH�VSOLWV�LQ�SDUDOOHO��WKH�SUR�
FHVVLQJ�LV�EHWWHU�ORDG�EDODQFHG�ZKHQ�WKH�VSOLWV�DUH�VPDOO��VLQFH�D�IDVWHU�PDFKLQH�ZLOO�EH
DEOH� WR�SURFHVV�SURSRUWLRQDOO\�PRUH� VSOLWV�RYHU� WKH�FRXUVH�RI� WKH� MRE� WKDQ�D� VORZHU
PDFKLQH��(YHQ� LI� WKH�PDFKLQHV�DUH� LGHQWLFDO�� IDLOHG�SURFHVVHV�RU�RWKHU� MREV� UXQQLQJ
FRQFXUUHQWO\�PDNH�ORDG�EDODQFLQJ�GHVLUDEOH��DQG�WKH�TXDOLW\�RI�WKH�ORDG�EDODQFLQJ�LQ�
FUHDVHV�DV�WKH�VSOLWV�EHFRPH�PRUH�ILQH�JUDLQHG�

2Q�WKH�RWKHU�KDQG��LI�VSOLWV�DUH�WRR�VPDOO��WKH�RYHUKHDG�RI�PDQDJLQJ�WKH�VSOLWV�DQG�RI
PDS�WDVN�FUHDWLRQ�EHJLQV�WR�GRPLQDWH�WKH�WRWDO�MRE�H[HFXWLRQ�WLPH��)RU�PRVW�MREV��D
JRRG�VSOLW�VL]H�WHQGV�WR�EH�WKH�VL]H�RI�DQ�+')6�EORFN�����0%�E\�GHIDXOW��DOWKRXJK�WKLV
FDQ�EH�FKDQJHG�IRU�WKH�FOXVWHU��IRU�DOO�QHZO\�FUHDWHG�ILOHV��RU�VSHFLILHG�ZKHQ�HDFK�ILOH�LV
FUHDWHG�

+DGRRS�GRHV�LWV�EHVW�WR�UXQ�WKH�PDS�WDVN�RQ�D�QRGH�ZKHUH�WKH�LQSXW�GDWD�UHVLGHV�LQ
+')6��7KLV�LV�FDOOHG�WKH�GDWD�ORFDOLW\�RSWLPL]DWLRQ�EHFDXVH�LW�GRHVQ¦W�XVH�YDOXDEOH�FOXV�
WHU�EDQGZLGWK��6RPHWLPHV��KRZHYHU��DOO�WKUHH�QRGHV�KRVWLQJ�WKH�+')6�EORFN�UHSOLFDV
IRU�D�PDS�WDVN¦V�LQSXW�VSOLW�DUH�UXQQLQJ�RWKHU�PDS�WDVNV��VR�WKH�MRE�VFKHGXOHU�ZLOO�ORRN
IRU�D�IUHH�PDS�VORW�RQ�D�QRGH�LQ�WKH�VDPH�UDFN�DV�RQH�RI�WKH�EORFNV��9HU\�RFFDVLRQDOO\
HYHQ�WKLV� LV�QRW�SRVVLEOH��VR�DQ�RII�UDFN�QRGH�LV�XVHG��ZKLFK�UHVXOWV� LQ�DQ�LQWHU�UDFN
QHWZRUN�WUDQVIHU��7KH�WKUHH�SRVVLELOLWLHV�DUH�LOOXVWUDWHG�LQ�)LJXUH�����

)LJXUH������'DWD�ORFDO��D���UDFN�ORFDO��E���DQG�RII�UDFN��F��PDS�WDVNV

,W�VKRXOG�QRZ�EH�FOHDU�ZK\�WKH�RSWLPDO�VSOLW�VL]H�LV�WKH�VDPH�DV�WKH�EORFN�VL]H��LW�LV�WKH
ODUJHVW�VL]H�RI�LQSXW�WKDW�FDQ�EH�JXDUDQWHHG�WR�EH�VWRUHG�RQ�D�VLQJOH�QRGH��,I�WKH�VSOLW
VSDQQHG�WZR�EORFNV��LW�ZRXOG�EH�XQOLNHO\�WKDW�DQ\�+')6�QRGH�VWRUHG�ERWK�EORFNV��VR
VRPH�RI�WKH�VSOLW�ZRXOG�KDYH�WR�EH�WUDQVIHUUHG�DFURVV�WKH�QHWZRUN�WR�WKH�QRGH�UXQQLQJ
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WKH�PDS�WDVN��ZKLFK�LV�FOHDUO\�OHVV�HIILFLHQW�WKDQ�UXQQLQJ�WKH�ZKROH�PDS�WDVN�XVLQJ�ORFDO
GDWD�

0DS�WDVNV�ZULWH�WKHLU�RXWSXW�WR�WKH�ORFDO�GLVN��QRW�WR�+')6��:K\�LV�WKLV"�0DS�RXWSXW
LV�LQWHUPHGLDWH�RXWSXW��LW¦V�SURFHVVHG�E\�UHGXFH�WDVNV�WR�SURGXFH�WKH�ILQDO�RXWSXW��DQG
RQFH�WKH�MRE�LV�FRPSOHWH��WKH�PDS�RXWSXW�FDQ�EH�WKURZQ�DZD\��6R�VWRULQJ�LW�LQ�+')6
ZLWK�UHSOLFDWLRQ�ZRXOG�EH�RYHUNLOO��,I�WKH�QRGH�UXQQLQJ�WKH�PDS�WDVN�IDLOV�EHIRUH�WKH
PDS�RXWSXW�KDV�EHHQ�FRQVXPHG�E\�WKH�UHGXFH�WDVN��WKHQ�+DGRRS�ZLOO�DXWRPDWLFDOO\
UHUXQ�WKH�PDS�WDVN�RQ�DQRWKHU�QRGH�WR�UH�FUHDWH�WKH�PDS�RXWSXW�

5HGXFH�WDVNV�GRQ¦W�KDYH�WKH�DGYDQWDJH�RI�GDWD�ORFDOLW\��WKH�LQSXW�WR�D�VLQJOH�UHGXFH�WDVN
LV�QRUPDOO\�WKH�RXWSXW�IURP�DOO�PDSSHUV��,Q�WKH�SUHVHQW�H[DPSOH��ZH�KDYH�D�VLQJOH�UHGXFH
WDVN�WKDW�LV�IHG�E\�DOO�RI�WKH�PDS�WDVNV��7KHUHIRUH��WKH�VRUWHG�PDS�RXWSXWV�KDYH�WR�EH
WUDQVIHUUHG�DFURVV�WKH�QHWZRUN�WR�WKH�QRGH�ZKHUH�WKH�UHGXFH�WDVN�LV�UXQQLQJ��ZKHUH
WKH\�DUH�PHUJHG�DQG�WKHQ�SDVVHG�WR�WKH�XVHU�GHILQHG�UHGXFH�IXQFWLRQ��7KH�RXWSXW�RI
WKH�UHGXFH�LV�QRUPDOO\�VWRUHG�LQ�+')6�IRU�UHOLDELOLW\��$V�H[SODLQHG�LQ�&KDSWHU����IRU
HDFK�+')6�EORFN�RI�WKH�UHGXFH�RXWSXW��WKH�ILUVW�UHSOLFD�LV�VWRUHG�RQ�WKH�ORFDO�QRGH��ZLWK
RWKHU�UHSOLFDV�EHLQJ�VWRUHG�RQ�RII�UDFN�QRGHV��7KXV��ZULWLQJ�WKH�UHGXFH�RXWSXW�GRHV
FRQVXPH�QHWZRUN� EDQGZLGWK�� EXW� RQO\� DV�PXFK� DV� D� QRUPDO�+')6�ZULWH� SLSHOLQH
FRQVXPHV�

7KH�ZKROH�GDWD�IORZ�ZLWK�D�VLQJOH�UHGXFH�WDVN�LV�LOOXVWUDWHG�LQ�)LJXUH������7KH�GRWWHG
ER[HV�LQGLFDWH�QRGHV��WKH�OLJKW�DUURZV�VKRZ�GDWD�WUDQVIHUV�RQ�D�QRGH��DQG�WKH�KHDY\
DUURZV�VKRZ�GDWD�WUDQVIHUV�EHWZHHQ�QRGHV�

)LJXUH������0DS5HGXFH�GDWD�IORZ�ZLWK�D�VLQJOH�UHGXFH�WDVN
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7KH�QXPEHU�RI�UHGXFH�WDVNV�LV�QRW�JRYHUQHG�E\�WKH�VL]H�RI�WKH�LQSXW��EXW�LQVWHDG�LV
VSHFLILHG�LQGHSHQGHQWO\��,Q�£7KH�'HIDXOW�0DS5HGXFH�-RE¤�RQ�SDJH������\RX�ZLOO�VHH
KRZ�WR�FKRRVH�WKH�QXPEHU�RI�UHGXFH�WDVNV�IRU�D�JLYHQ�MRE�

:KHQ�WKHUH�DUH�PXOWLSOH�UHGXFHUV��WKH�PDS�WDVNV�SDUWLWLRQ�WKHLU�RXWSXW��HDFK�FUHDWLQJ
RQH�SDUWLWLRQ�IRU�HDFK�UHGXFH�WDVN��7KHUH�FDQ�EH�PDQ\�NH\V��DQG�WKHLU�DVVRFLDWHG�YDOXHV�
LQ�HDFK�SDUWLWLRQ��EXW�WKH�UHFRUGV�IRU�DQ\�JLYHQ�NH\�DUH�DOO�LQ�D�VLQJOH�SDUWLWLRQ��7KH
SDUWLWLRQLQJ�FDQ�EH�FRQWUROOHG�E\�D�XVHU�GHILQHG�SDUWLWLRQLQJ�IXQFWLRQ��EXW�QRUPDOO\�WKH
GHIDXOW�SDUWLWLRQHU¢ZKLFK�EXFNHWV�NH\V�XVLQJ�D�KDVK�IXQFWLRQ¢ZRUNV�YHU\�ZHOO�

7KH�GDWD�IORZ�IRU�WKH�JHQHUDO�FDVH�RI�PXOWLSOH�UHGXFH�WDVNV�LV�LOOXVWUDWHG�LQ�)LJXUH�����
7KLV�GLDJUDP�PDNHV�LW�FOHDU�ZK\�WKH�GDWD�IORZ�EHWZHHQ�PDS�DQG�UHGXFH�WDVNV�LV�FROOR�
TXLDOO\�NQRZQ�DV�£WKH�VKXIIOH�¤�DV�HDFK�UHGXFH�WDVN� LV� IHG�E\�PDQ\�PDS�WDVNV��7KH
VKXIIOH�LV�PRUH�FRPSOLFDWHG�WKDQ�WKLV�GLDJUDP�VXJJHVWV��DQG�WXQLQJ�LW�FDQ�KDYH�D�ELJ
LPSDFW�RQ�MRE�H[HFXWLRQ�WLPH��DV�\RX�ZLOO�VHH�LQ�£6KXIIOH�DQG�6RUW¤�RQ�SDJH�����

)LJXUH������0DS5HGXFH�GDWD�IORZ�ZLWK�PXOWLSOH�UHGXFH�WDVNV

)LQDOO\��LW¦V�DOVR�SRVVLEOH�WR�KDYH�]HUR�UHGXFH�WDVNV��7KLV�FDQ�EH�DSSURSULDWH�ZKHQ�\RX
GRQ¦W�QHHG�WKH�VKXIIOH�EHFDXVH�WKH�SURFHVVLQJ�FDQ�EH�FDUULHG�RXW�HQWLUHO\�LQ�SDUDOOHO��D
IHZ�H[DPSOHV�DUH�GLVFXVVHG� LQ�£1/LQH,QSXW)RUPDW¤�RQ�SDJH������� ,Q� WKLV�FDVH�� WKH
RQO\�RII�QRGH�GDWD�WUDQVIHU�LV�ZKHQ�WKH�PDS�WDVNV�ZULWH�WR�+')6��VHH�)LJXUH������

Combiner Functions
0DQ\�0DS5HGXFH�MREV�DUH�OLPLWHG�E\�WKH�EDQGZLGWK�DYDLODEOH�RQ�WKH�FOXVWHU��VR�LW�SD\V
WR�PLQLPL]H�WKH�GDWD�WUDQVIHUUHG�EHWZHHQ�PDS�DQG�UHGXFH�WDVNV��+DGRRS�DOORZV�WKH
XVHU�WR�VSHFLI\�D�FRPELQHU�IXQFWLRQ�WR�EH�UXQ�RQ�WKH�PDS�RXWSXW��DQG�WKH�FRPELQHU
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IXQFWLRQ¦V�RXWSXW�IRUPV�WKH�LQSXW�WR�WKH�UHGXFH�IXQFWLRQ��%HFDXVH�WKH�FRPELQHU�IXQF�
WLRQ�LV�DQ�RSWLPL]DWLRQ��+DGRRS�GRHV�QRW�SURYLGH�D�JXDUDQWHH�RI�KRZ�PDQ\�WLPHV�LW
ZLOO� FDOO� LW� IRU� D�SDUWLFXODU�PDS�RXWSXW� UHFRUG�� LI� DW� DOO�� ,Q�RWKHU�ZRUGV�� FDOOLQJ� WKH
FRPELQHU�IXQFWLRQ�]HUR��RQH��RU�PDQ\�WLPHV�VKRXOG�SURGXFH�WKH�VDPH�RXWSXW�IURP�WKH
UHGXFHU�

)LJXUH������0DS5HGXFH�GDWD�IORZ�ZLWK�QR�UHGXFH�WDVNV

7KH�FRQWUDFW�IRU�WKH�FRPELQHU�IXQFWLRQ�FRQVWUDLQV�WKH�W\SH�RI�IXQFWLRQ�WKDW�PD\�EH
XVHG��7KLV�LV�EHVW�LOOXVWUDWHG�ZLWK�DQ�H[DPSOH��6XSSRVH�WKDW�IRU�WKH�PD[LPXP�WHPSHU�
DWXUH�H[DPSOH��UHDGLQJV�IRU�WKH�\HDU������ZHUH�SURFHVVHG�E\�WZR�PDSV��EHFDXVH�WKH\
ZHUH�LQ�GLIIHUHQW�VSOLWV���,PDJLQH�WKH�ILUVW�PDS�SURGXFHG�WKH�RXWSXW�

(1950, 0)
(1950, 20)
(1950, 10)

DQG�WKH�VHFRQG�SURGXFHG�

(1950, 25)
(1950, 15)

7KH�UHGXFH�IXQFWLRQ�ZRXOG�EH�FDOOHG�ZLWK�D�OLVW�RI�DOO�WKH�YDOXHV�

(1950, [0, 20, 10, 25, 15])

ZLWK�RXWSXW�

(1950, 25)

VLQFH����LV�WKH�PD[LPXP�YDOXH�LQ�WKH�OLVW��:H�FRXOG�XVH�D�FRPELQHU�IXQFWLRQ�WKDW��MXVW
OLNH�WKH�UHGXFH�IXQFWLRQ��ILQGV�WKH�PD[LPXP�WHPSHUDWXUH�IRU�HDFK�PDS�RXWSXW��7KH
UHGXFH�ZRXOG�WKHQ�EH�FDOOHG�ZLWK�
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(1950, [20, 25])

DQG�WKH�UHGXFH�ZRXOG�SURGXFH�WKH�VDPH�RXWSXW�DV�EHIRUH��0RUH�VXFFLQFWO\��ZH�PD\
H[SUHVV�WKH�IXQFWLRQ�FDOOV�RQ�WKH�WHPSHUDWXUH�YDOXHV�LQ�WKLV�FDVH�DV�IROORZV�

max(0, 20, 10, 25, 15) = max(max(0, 20, 10), max(25, 15)) = max(20, 25) = 25

1RW�DOO� IXQFWLRQV�SRVVHVV� WKLV�SURSHUW\���)RU�H[DPSOH�� LI�ZH�ZHUH�FDOFXODWLQJ�PHDQ
WHPSHUDWXUHV��ZH�FRXOGQ¦W�XVH�WKH�PHDQ�DV�RXU�FRPELQHU�IXQFWLRQ��EHFDXVH�

mean(0, 20, 10, 25, 15) = 14

EXW�

mean(mean(0, 20, 10), mean(25, 15)) = mean(10, 20) = 15

7KH�FRPELQHU�IXQFWLRQ�GRHVQ¦W�UHSODFH�WKH�UHGXFH�IXQFWLRQ���+RZ�FRXOG�LW"�7KH�UHGXFH
IXQFWLRQ�LV�VWLOO�QHHGHG�WR�SURFHVV�UHFRUGV�ZLWK�WKH�VDPH�NH\�IURP�GLIIHUHQW�PDSV���%XW
LW�FDQ�KHOS�FXW�GRZQ�WKH�DPRXQW�RI�GDWD�VKXIIOHG�EHWZHHQ�WKH�PDSSHUV�DQG�WKH�UHGXFHUV�
DQG�IRU�WKLV�UHDVRQ�DORQH�LW�LV�DOZD\V�ZRUWK�FRQVLGHULQJ�ZKHWKHU�\RX�FDQ�XVH�D�FRPELQHU
IXQFWLRQ�LQ�\RXU�0DS5HGXFH�MRE�

Specifying a combiner function
*RLQJ�EDFN�WR�WKH�-DYD�0DS5HGXFH�SURJUDP��WKH�FRPELQHU�IXQFWLRQ�LV�GHILQHG�XVLQJ
WKH�Reducer�FODVV��DQG�IRU�WKLV�DSSOLFDWLRQ��LW�LV�WKH�VDPH�LPSOHPHQWDWLRQ�DV�WKH�UHGXFHU
IXQFWLRQ� LQ�MaxTemperatureReducer��7KH�RQO\�FKDQJH�ZH�QHHG� WR�PDNH� LV� WR� VHW� WKH
FRPELQHU�FODVV�RQ�WKH�Job��VHH�([DPSOH������

([DPSOH������$SSOLFDWLRQ�WR�ILQG�WKH�PD[LPXP�WHPSHUDWXUH��XVLQJ�D�FRPELQHU�IXQFWLRQ�IRU�HIILFLHQF\

public class MaxTemperatureWithCombiner {

  public static void main(String[] args) throws Exception {
    if (args.length != 2) {
      System.err.println("Usage: MaxTemperatureWithCombiner <input path> " +
          "<output path>");
      System.exit(-1);
    }
    
    Job job = new Job();
    job.setJarByClass(MaxTemperatureWithCombiner.class);
    job.setJobName("Max temperature");

    FileInputFormat.addInputPath(job, new Path(args[0]));
    FileOutputFormat.setOutputPath(job, new Path(args[1]));
    
    job.setMapperClass(MaxTemperatureMapper.class);
    job.setCombinerClass(MaxTemperatureReducer.class);
    job.setReducerClass(MaxTemperatureReducer.class);

�� )XQFWLRQV�ZLWK�WKLV�SURSHUW\�DUH�FDOOHG�FRPPXWDWLYH�DQG�DVVRFLDWLYH��7KH\�DUH�DOVR�VRPHWLPHV�UHIHUUHG�WR
DV�GLVWULEXWLYH��VXFK�DV�LQ�WKH�SDSHU�£'DWD�&XEH��$�5HODWLRQDO�$JJUHJDWLRQ�2SHUDWRU�*HQHUDOL]LQJ�*URXS�
%\��&URVV�7DE��DQG�6XE�7RWDOV�¤�*UD\�HW�DO���������

Scaling Out | 35



    job.setOutputKeyClass(Text.class);
    job.setOutputValueClass(IntWritable.class);
    
    System.exit(job.waitForCompletion(true) ? 0 : 1);
  }
}

Running a Distributed MapReduce Job
7KH�VDPH�SURJUDP�ZLOO�UXQ��ZLWKRXW�DOWHUDWLRQ��RQ�D�IXOO�GDWDVHW��7KLV�LV�WKH�SRLQW�RI
0DS5HGXFH��LW�VFDOHV�WR�WKH�VL]H�RI�\RXU�GDWD�DQG�WKH�VL]H�RI�\RXU�KDUGZDUH��+HUH¦V�RQH
GDWD�SRLQW��RQ�D����QRGH�(&��FOXVWHU�UXQQLQJ�+LJK�&38�([WUD�/DUJH�,QVWDQFHV��WKH
SURJUDP�WRRN�VL[�PLQXWHV�WR�UXQ��

:H¦OO�JR�WKURXJK�WKH�PHFKDQLFV�RI�UXQQLQJ�SURJUDPV�RQ�D�FOXVWHU�LQ�&KDSWHU���

Hadoop Streaming
+DGRRS�SURYLGHV�DQ�$3,�WR�0DS5HGXFH�WKDW�DOORZV�\RX�WR�ZULWH�\RXU�PDS�DQG�UHGXFH
IXQFWLRQV�LQ�ODQJXDJHV�RWKHU�WKDQ�-DYD��+DGRRS�6WUHDPLQJ�XVHV�8QL[�VWDQGDUG�VWUHDPV
DV�WKH�LQWHUIDFH�EHWZHHQ�+DGRRS�DQG�\RXU�SURJUDP��VR�\RX�FDQ�XVH�DQ\�ODQJXDJH�WKDW
FDQ� UHDG� VWDQGDUG� LQSXW� DQG� ZULWH� WR� VWDQGDUG� RXWSXW� WR� ZULWH� \RXU� 0DS5HGXFH
SURJUDP�

6WUHDPLQJ�LV�QDWXUDOO\�VXLWHG�IRU�WH[W�SURFHVVLQJ��0DS�LQSXW�GDWD�LV�SDVVHG�RYHU�VWDQGDUG
LQSXW�WR�\RXU�PDS�IXQFWLRQ��ZKLFK�SURFHVVHV�LW�OLQH�E\�OLQH�DQG�ZULWHV�OLQHV�WR�VWDQGDUG
RXWSXW��$�PDS�RXWSXW�NH\�YDOXH�SDLU�LV�ZULWWHQ�DV�D�VLQJOH�WDE�GHOLPLWHG�OLQH��,QSXW�WR
WKH�UHGXFH�IXQFWLRQ�LV�LQ�WKH�VDPH�IRUPDW¢D�WDE�VHSDUDWHG�NH\�YDOXH�SDLU¢SDVVHG�RYHU
VWDQGDUG�LQSXW��7KH�UHGXFH�IXQFWLRQ�UHDGV�OLQHV�IURP�VWDQGDUG�LQSXW��ZKLFK�WKH�IUDPH�
ZRUN�JXDUDQWHHV�DUH�VRUWHG�E\�NH\��DQG�ZULWHV�LWV�UHVXOWV�WR�VWDQGDUG�RXWSXW�

/HW¦V�LOOXVWUDWH�WKLV�E\�UHZULWLQJ�RXU�0DS5HGXFH�SURJUDP�IRU�ILQGLQJ�PD[LPXP�WHP�
SHUDWXUHV�E\�\HDU�LQ�6WUHDPLQJ�

Ruby
7KH�PDS�IXQFWLRQ�FDQ�EH�H[SUHVVHG�LQ�5XE\�DV�VKRZQ�LQ�([DPSOH�����

([DPSOH������0DS�IXQFWLRQ�IRU�PD[LPXP�WHPSHUDWXUH�LQ�5XE\

#!/usr/bin/env ruby

�� 7KLV�LV�D�IDFWRU�RI�VHYHQ�IDVWHU�WKDQ�WKH�VHULDO�UXQ�RQ�RQH�PDFKLQH�XVLQJ�DZN��7KH�PDLQ�UHDVRQ�LW�ZDVQ¦W
SURSRUWLRQDWHO\�IDVWHU�LV�EHFDXVH�WKH�LQSXW�GDWD�ZDVQ¦W�HYHQO\�SDUWLWLRQHG��)RU�FRQYHQLHQFH��WKH�LQSXW
ILOHV�ZHUH�J]LSSHG�E\�\HDU��UHVXOWLQJ�LQ�ODUJH�ILOHV�IRU�ODWHU�\HDUV�LQ�WKH�GDWDVHW��ZKHQ�WKH�QXPEHU�RI�ZHDWKHU
UHFRUGV�ZDV�PXFK�KLJKHU�
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STDIN.each_line do |line|
  val = line
  year, temp, q = val[15,4], val[87,5], val[92,1]
  puts "#{year}\t#{temp}" if (temp != "+9999" && q =~ /[01459]/)
end

7KH�SURJUDP�LWHUDWHV�RYHU�OLQHV�IURP�VWDQGDUG�LQSXW�E\�H[HFXWLQJ�D�EORFN�IRU�HDFK�OLQH
IURP�STDIN��D�JOREDO�FRQVWDQW�RI�W\SH�IO���7KH�EORFN�SXOOV�RXW�WKH�UHOHYDQW�ILHOGV�IURP
HDFK�LQSXW�OLQH��DQG��LI�WKH�WHPSHUDWXUH�LV�YDOLG��ZULWHV�WKH�\HDU�DQG�WKH�WHPSHUDWXUH
VHSDUDWHG�E\�D�WDE�FKDUDFWHU�\t�WR�VWDQGDUG�RXWSXW��XVLQJ�puts��

,W¦V�ZRUWK�GUDZLQJ�RXW�D�GHVLJQ�GLIIHUHQFH�EHWZHHQ�6WUHDPLQJ�DQG�WKH
-DYD�0DS5HGXFH�$3,��7KH�-DYD�$3,�LV�JHDUHG�WRZDUG�SURFHVVLQJ�\RXU
PDS� IXQFWLRQ� RQH� UHFRUG� DW� D� WLPH�� 7KH� IUDPHZRUN� FDOOV� WKH� map()
PHWKRG� RQ� \RXU� Mapper� IRU� HDFK� UHFRUG� LQ� WKH� LQSXW�� ZKHUHDV� ZLWK
6WUHDPLQJ�WKH�PDS�SURJUDP�FDQ�GHFLGH�KRZ�WR�SURFHVV�WKH�LQSXW¢IRU
H[DPSOH��LW�FRXOG�HDVLO\�UHDG�DQG�SURFHVV�PXOWLSOH�OLQHV�DW�D�WLPH�VLQFH
LW¦V� LQ�FRQWURO�RI�WKH�UHDGLQJ��7KH�XVHU¦V�-DYD�PDS�LPSOHPHQWDWLRQ�LV
£SXVKHG¤�UHFRUGV��EXW�LW¦V�VWLOO�SRVVLEOH�WR�FRQVLGHU�PXOWLSOH�OLQHV�DW�D
WLPH� E\� DFFXPXODWLQJ� SUHYLRXV� OLQHV� LQ� DQ� LQVWDQFH� YDULDEOH� LQ� WKH�
Mapper���,Q�WKLV�FDVH��\RX�QHHG�WR�LPSOHPHQW�WKH�close()�PHWKRG�VR�WKDW
\RX�NQRZ�ZKHQ�WKH�ODVW�UHFRUG�KDV�EHHQ�UHDG��VR�\RX�FDQ�ILQLVK�SUR�
FHVVLQJ�WKH�ODVW�JURXS�RI�OLQHV�

%HFDXVH�WKH�VFULSW�MXVW�RSHUDWHV�RQ�VWDQGDUG�LQSXW�DQG�RXWSXW��LW¦V�WULYLDO�WR�WHVW�WKH
VFULSW�ZLWKRXW�XVLQJ�+DGRRS��VLPSO\�XVLQJ�8QL[�SLSHV�

% cat input/ncdc/sample.txt | ch02/src/main/ruby/max_temperature_map.rb
1950    +0000
1950    +0022
1950    -0011
1949    +0111
1949    +0078

7KH�UHGXFH�IXQFWLRQ�VKRZQ�LQ�([DPSOH�����LV�D�OLWWOH�PRUH�FRPSOH[�

([DPSOH������5HGXFH�IXQFWLRQ�IRU�PD[LPXP�WHPSHUDWXUH�LQ�5XE\

#!/usr/bin/env ruby

last_key, max_val = nil, -1000000
STDIN.each_line do |line|
  key, val = line.split("\t")
  if last_key && last_key != key
    puts "#{last_key}\t#{max_val}"
    last_key, max_val = key, val.to_i
  else
    last_key, max_val = key, [max_val, val.to_i].max

�� $OWHUQDWLYHO\��\RX�FRXOG�XVH�£SXOO¤�VW\OH�SURFHVVLQJ�LQ�WKH�QHZ�0DS5HGXFH�$3,��VHH�£7KH
ROG�DQG�WKH�QHZ�-DYD�0DS5HGXFH�$3,V¤�RQ�SDJH����
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  end
end
puts "#{last_key}\t#{max_val}" if last_key

$JDLQ��WKH�SURJUDP�LWHUDWHV�RYHU�OLQHV�IURP�VWDQGDUG�LQSXW��EXW�WKLV�WLPH�ZH�KDYH�WR
VWRUH�VRPH�VWDWH�DV�ZH�SURFHVV�HDFK�NH\�JURXS��,Q�WKLV�FDVH��WKH�NH\V�DUH�WKH�\HDUV��DQG
ZH�VWRUH�WKH�ODVW�NH\�VHHQ�DQG�WKH�PD[LPXP�WHPSHUDWXUH�VHHQ�VR�IDU�IRU�WKDW�NH\��7KH
0DS5HGXFH�IUDPHZRUN�HQVXUHV�WKDW�WKH�NH\V�DUH�RUGHUHG��VR�ZH�NQRZ�WKDW�LI�D�NH\�LV
GLIIHUHQW�IURP�WKH�SUHYLRXV�RQH��ZH�KDYH�PRYHG�LQWR�D�QHZ�NH\�JURXS��,Q�FRQWUDVW�WR
WKH�-DYD�$3,��ZKHUH�\RX�DUH�SURYLGHG�DQ�LWHUDWRU�RYHU�HDFK�NH\�JURXS��LQ�6WUHDPLQJ�\RX
KDYH�WR�ILQG�NH\�JURXS�ERXQGDULHV�LQ�\RXU�SURJUDP�

)RU� HDFK� OLQH��ZH�SXOO� RXW� WKH� NH\� DQG� YDOXH��7KHQ�� LI�ZH¦YH� MXVW� ILQLVKHG� D� JURXS
�last_key && last_key != key���ZH�ZULWH�WKH�NH\�DQG�WKH�PD[LPXP�WHPSHUDWXUH�IRU
WKDW�JURXS��VHSDUDWHG�E\�D�WDE�FKDUDFWHU��EHIRUH�UHVHWWLQJ�WKH�PD[LPXP�WHPSHUDWXUH
IRU� WKH�QHZ�NH\�� ,I�ZH�KDYHQ¦W� MXVW� ILQLVKHG�D�JURXS��ZH� MXVW�XSGDWH� WKH�PD[LPXP
WHPSHUDWXUH�IRU�WKH�FXUUHQW�NH\�

7KH�ODVW�OLQH�RI�WKH�SURJUDP�HQVXUHV�WKDW�D�OLQH�LV�ZULWWHQ�IRU�WKH�ODVW�NH\�JURXS�LQ�WKH
LQSXW�

:H�FDQ�QRZ�VLPXODWH�WKH�ZKROH�0DS5HGXFH�SLSHOLQH�ZLWK�D�8QL[�SLSHOLQH��ZKLFK�LV
HTXLYDOHQW�WR�WKH�8QL[�SLSHOLQH�VKRZQ�LQ�)LJXUH������

% cat input/ncdc/sample.txt | ch02/src/main/ruby/max_temperature_map.rb | \
  sort | ch02/src/main/ruby/max_temperature_reduce.rb
1949    111
1950    22

7KH�RXWSXW�LV�WKH�VDPH�DV�WKH�-DYD�SURJUDP��VR�WKH�QH[W�VWHS�LV�WR�UXQ�LW�XVLQJ�+DGRRS
LWVHOI�

7KH�hadoop� FRPPDQG�GRHVQ¦W� VXSSRUW�D�6WUHDPLQJ�RSWLRQ�� LQVWHDG��\RX�VSHFLI\� WKH
6WUHDPLQJ�-$5�ILOH�DORQJ�ZLWK�WKH�jar�RSWLRQ��2SWLRQV�WR�WKH�6WUHDPLQJ�SURJUDP�VSHFLI\
WKH�LQSXW�DQG�RXWSXW�SDWKV�DQG�WKH�PDS�DQG�UHGXFH�VFULSWV��7KLV�LV�ZKDW�LW�ORRNV�OLNH�

% hadoop jar $HADOOP_INSTALL/contrib/streaming/hadoop-*-streaming.jar \
  -input input/ncdc/sample.txt \
  -output output \
  -mapper ch02/src/main/ruby/max_temperature_map.rb \
  -reducer ch02/src/main/ruby/max_temperature_reduce.rb

:KHQ�UXQQLQJ�RQ�D�ODUJH�GDWDVHW�RQ�D�FOXVWHU��ZH�VKRXOG�XVH�WKH�-combiner�RSWLRQ�WR
VHW�WKH�FRPELQHU�

,Q�UHOHDVHV�DIWHU���[��WKH�FRPELQHU�FDQ�EH�DQ\�6WUHDPLQJ�FRPPDQG��)RU�HDUOLHU�UHOHDVHV�
WKH�FRPELQHU�KDG�WR�EH�ZULWWHQ�LQ�-DYD��VR�DV�D�ZRUNDURXQG�LW�ZDV�FRPPRQ�WR�GR�PDQXDO
FRPELQLQJ�LQ�WKH�PDSSHU�ZLWKRXW�KDYLQJ�WR�UHVRUW�WR�-DYD��,Q�WKLV�FDVH��ZH�FRXOG�FKDQJH
WKH�PDSSHU�WR�EH�D�SLSHOLQH�

% hadoop jar $HADOOP_INSTALL/contrib/streaming/hadoop-*-streaming.jar \
  -input input/ncdc/all \
  -output output \

38 | Chapter 2:ಗMapReduce



  -mapper "ch02/src/main/ruby/max_temperature_map.rb | sort |
    ch02/src/main/ruby/max_temperature_reduce.rb" \
  -reducer ch02/src/main/ruby/max_temperature_reduce.rb \
  -file ch02/src/main/ruby/max_temperature_map.rb \
  -file ch02/src/main/ruby/max_temperature_reduce.rb

1RWH�DOVR�WKH�XVH�RI�-file��ZKLFK�ZH�XVH�ZKHQ�UXQQLQJ�6WUHDPLQJ�SURJUDPV�RQ�WKH
FOXVWHU�WR�VKLS�WKH�VFULSWV�WR�WKH�FOXVWHU�

Python
6WUHDPLQJ�VXSSRUWV�DQ\�SURJUDPPLQJ�ODQJXDJH�WKDW�FDQ�UHDG�IURP�VWDQGDUG�LQSXW�DQG
ZULWH�WR�VWDQGDUG�RXWSXW��VR�IRU�UHDGHUV�PRUH�IDPLOLDU�ZLWK�3\WKRQ��KHUH¦V�WKH�VDPH
H[DPSOH�DJDLQ���7KH�PDS�VFULSW�LV�LQ�([DPSOH�������DQG�WKH�UHGXFH�VFULSW�LV�LQ�([DP�
SOH������

([DPSOH�������0DS�IXQFWLRQ�IRU�PD[LPXP�WHPSHUDWXUH�LQ�3\WKRQ

#!/usr/bin/env python

import re
import sys

for line in sys.stdin:
  val = line.strip()
  (year, temp, q) = (val[15:19], val[87:92], val[92:93])
  if (temp != "+9999" and re.match("[01459]", q)):
    print "%s\t%s" % (year, temp)

([DPSOH�������5HGXFH�IXQFWLRQ�IRU�PD[LPXP�WHPSHUDWXUH�LQ�3\WKRQ

#!/usr/bin/env python

import sys

(last_key, max_val) = (None, -sys.maxint)
for line in sys.stdin:
  (key, val) = line.strip().split("\t")
  if last_key and last_key != key:
    print "%s\t%s" % (last_key, max_val)
    (last_key, max_val) = (key, int(val))
  else:
    (last_key, max_val) = (key, max(max_val, int(val)))

if last_key:
  print "%s\t%s" % (last_key, max_val)

�� $V� DQ� DOWHUQDWLYH� WR� 6WUHDPLQJ�� 3\WKRQ� SURJUDPPHUV� VKRXOG� FRQVLGHU� 'XPER� �KWWS���ZZZ�ODVW�IP�
GXPER���ZKLFK�PDNHV�WKH�6WUHDPLQJ�0DS5HGXFH�LQWHUIDFH�PRUH�3\WKRQLF�DQG�HDVLHU�WR�XVH�
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:H�FDQ�WHVW�WKH�SURJUDPV�DQG�UXQ�WKH�MRE�LQ�WKH�VDPH�ZD\�ZH�GLG�LQ�5XE\��)RU�H[DPSOH�
WR�UXQ�D�WHVW�

% cat input/ncdc/sample.txt | ch02/src/main/python/max_temperature_map.py | \
  sort | ch02/src/main/python/max_temperature_reduce.py
1949    111
1950    22

Hadoop Pipes
+DGRRS�3LSHV�LV�WKH�QDPH�RI�WKH�&���LQWHUIDFH�WR�+DGRRS�0DS5HGXFH��8QOLNH�6WUHDP�
LQJ��ZKLFK�XVHV�VWDQGDUG�LQSXW�DQG�RXWSXW�WR�FRPPXQLFDWH�ZLWK�WKH�PDS�DQG�UHGXFH
FRGH��3LSHV�XVHV�VRFNHWV�DV�WKH�FKDQQHO�RYHU�ZKLFK�WKH�WDVNWUDFNHU�FRPPXQLFDWHV�ZLWK
WKH�SURFHVV�UXQQLQJ�WKH�&���PDS�RU�UHGXFH�IXQFWLRQ��-1,�LV�QRW�XVHG�

:H¦OO�UHZULWH�WKLV�FKDSWHU¦V�WHPSHUDWXUH�H[DPSOH�LQ�&����DQG�WKHQ�ZH¦OO�VHH�KRZ�WR
UXQ�LW�XVLQJ�3LSHV��([DPSOH������VKRZV�WKH�VRXUFH�FRGH�IRU�WKH�PDS�DQG�UHGXFH�IXQF�
WLRQV�LQ�&���

([DPSOH�������0D[LPXP�WHPSHUDWXUH�LQ�&��

#include <algorithm>
#include <limits>
#include <stdint.h>
#include <string>

#include "hadoop/Pipes.hh"
#include "hadoop/TemplateFactory.hh"
#include "hadoop/StringUtils.hh"

class MaxTemperatureMapper : public HadoopPipes::Mapper {
public:
  MaxTemperatureMapper(HadoopPipes::TaskContext& context) {
  }
  void map(HadoopPipes::MapContext& context) {
    std::string line = context.getInputValue();
    std::string year = line.substr(15, 4);
    std::string airTemperature = line.substr(87, 5);
    std::string q = line.substr(92, 1);
    if (airTemperature != "+9999" &&
        (q == "0" || q == "1" || q == "4" || q == "5" || q == "9")) {
      context.emit(year, airTemperature);
    }
  }
};

class MapTemperatureReducer : public HadoopPipes::Reducer {
public:
  MapTemperatureReducer(HadoopPipes::TaskContext& context) {
  }
  void reduce(HadoopPipes::ReduceContext& context) {
    int maxValue = INT_MIN;
    while (context.nextValue()) {
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      maxValue = std::max(maxValue, HadoopUtils::toInt(context.getInputValue()));
    }
    context.emit(context.getInputKey(), HadoopUtils::toString(maxValue));
  }
};

int main(int argc, char *argv[]) {
  return HadoopPipes::runTask(HadoopPipes::TemplateFactory<MaxTemperatureMapper, 
                              MapTemperatureReducer>());
}

7KH�DSSOLFDWLRQ� OLQNV�DJDLQVW� WKH�+DGRRS�&���OLEUDU\��ZKLFK� LV�D� WKLQ�ZUDSSHU� IRU
FRPPXQLFDWLQJ�ZLWK�WKH�WDVNWUDFNHU�FKLOG�SURFHVV��7KH�PDS�DQG�UHGXFH�IXQFWLRQV�DUH
GHILQHG�E\�H[WHQGLQJ�WKH�Mapper�DQG�Reducer�FODVVHV�GHILQHG�LQ�WKH�HadoopPipes�QDPH�
VSDFH�DQG�SURYLGLQJ�LPSOHPHQWDWLRQV�RI�WKH�map()�DQG�reduce()�PHWKRGV�LQ�HDFK�FDVH�
7KHVH�PHWKRGV� WDNH� D� FRQWH[W�REMHFW� �RI� W\SH�MapContext� RU�ReduceContext���ZKLFK
SURYLGHV�WKH�PHDQV�IRU�UHDGLQJ�LQSXW�DQG�ZULWLQJ�RXWSXW��DV�ZHOO�DV�DFFHVVLQJ�MRE�FRQ�
ILJXUDWLRQ� LQIRUPDWLRQ�YLD� WKH�JobConf� FODVV��7KH�SURFHVVLQJ� LQ� WKLV�H[DPSOH� LV�YHU\
VLPLODU�WR�WKH�-DYD�HTXLYDOHQW�

8QOLNH�WKH�-DYD�LQWHUIDFH��NH\V�DQG�YDOXHV�LQ�WKH�&���LQWHUIDFH�DUH�E\WH�EXIIHUV�UHSUH�
VHQWHG�DV�6WDQGDUG�7HPSODWH�/LEUDU\��67/��VWULQJV��7KLV�PDNHV�WKH�LQWHUIDFH�VLPSOHU�
DOWKRXJK�LW�GRHV�SXW�D�VOLJKWO\�JUHDWHU�EXUGHQ�RQ�WKH�DSSOLFDWLRQ�GHYHORSHU��ZKR�KDV�WR
FRQYHUW� WR� DQG� IURP� ULFKHU� GRPDLQ�OHYHO� W\SHV�� 7KLV� LV� HYLGHQW� LQ� MapTempera
tureReducer��ZKHUH�ZH�KDYH�WR�FRQYHUW�WKH�LQSXW�YDOXH�LQWR�DQ�LQWHJHU��XVLQJ�D�FRQYH�
QLHQFH�PHWKRG�LQ�HadoopUtils��DQG�WKHQ�WKH�PD[LPXP�YDOXH�EDFN�LQWR�D�VWULQJ�EHIRUH
LW¦V�ZULWWHQ�RXW��,Q�VRPH�FDVHV��ZH�FDQ�VNLS�WKH�FRQYHUVLRQ��VXFK�DV�LQ�MaxTemperature
Mapper��ZKHUH�WKH�airTemperature�YDOXH�LV�QHYHU�FRQYHUWHG�WR�DQ�LQWHJHU�EHFDXVH�LW�LV
QHYHU�SURFHVVHG�DV�D�QXPEHU�LQ�WKH�map()�PHWKRG�

7KH�main()�PHWKRG�LV�WKH�DSSOLFDWLRQ�HQWU\�SRLQW��,W�FDOOV�HadoopPipes::runTask��ZKLFK
FRQQHFWV� WR� WKH� -DYD�SDUHQW�SURFHVV� DQG�PDUVKDOV�GDWD� WR� DQG� IURP� WKH�Mapper� RU�
Reducer��7KH�runTask()�PHWKRG�LV�SDVVHG�D�Factory�VR�WKDW�LW�FDQ�FUHDWH�LQVWDQFHV�RI�WKH�
Mapper�RU�Reducer��:KLFK�RQH�LW�FUHDWHV�LV�FRQWUROOHG�E\�WKH�-DYD�SDUHQW�RYHU�WKH�VRFNHW
FRQQHFWLRQ��7KHUH�DUH�RYHUORDGHG�WHPSODWH�IDFWRU\�PHWKRGV�IRU�VHWWLQJ�D�FRPELQHU�
SDUWLWLRQHU��UHFRUG�UHDGHU��RU�UHFRUG�ZULWHU�

Compiling and Running
1RZ�ZH�FDQ�FRPSLOH�DQG�OLQN�RXU�SURJUDP�XVLQJ�WKH�PDNHILOH�LQ�([DPSOH������

([DPSOH�������0DNHILOH�IRU�&���0DS5HGXFH�SURJUDP

CC = g++
CPPFLAGS = -m32 -I$(HADOOP_INSTALL)/c++/$(PLATFORM)/include

max_temperature: max_temperature.cpp 
    $(CC) $(CPPFLAGS) $< -Wall -L$(HADOOP_INSTALL)/c++/$(PLATFORM)/lib -lhadooppipes \
    -lhadooputils -lpthread -g -O2 -o $@
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7KH� PDNHILOH� H[SHFWV� D� FRXSOH� RI� HQYLURQPHQW� YDULDEOHV� WR� EH� VHW�� $SDUW� IURP�
HADOOP_INSTALL� �ZKLFK�\RX� VKRXOG�DOUHDG\�KDYH� VHW� LI� \RX� IROORZHG� WKH� LQVWDOODWLRQ
LQVWUXFWLRQV�LQ�$SSHQGL[�$���\RX�QHHG�WR�GHILQH�PLATFORM��ZKLFK�VSHFLILHV�WKH�RSHUDWLQJ
V\VWHP��DUFKLWHFWXUH��DQG�GDWD�PRGHO��H�J�������RU����ELW���,�UDQ�LW�RQ�D����ELW�/LQX[
V\VWHP�ZLWK�WKH�IROORZLQJ�

% export PLATFORM=Linux-i386-32
% make

2Q�VXFFHVVIXO�FRPSOHWLRQ��\RX¦OO�ILQG�WKH�max_temperature�H[HFXWDEOH�LQ�WKH�FXUUHQW
GLUHFWRU\�

7R�UXQ�D�3LSHV�MRE��ZH�QHHG�WR�UXQ�+DGRRS�LQ�SVHXGRGLVWULEXWHG�PRGH��ZKHUH�DOO�WKH
GDHPRQV�UXQ�RQ�WKH�ORFDO�PDFKLQH���IRU�ZKLFK�WKHUH�DUH�VHWXS�LQVWUXFWLRQV�LQ�$SSHQ�
GL[�$��3LSHV�GRHVQ¦W� UXQ� LQ� VWDQGDORQH� �ORFDO��PRGH��EHFDXVH� LW� UHOLHV�RQ�+DGRRS¦V
GLVWULEXWHG�FDFKH�PHFKDQLVP��ZKLFK�ZRUNV�RQO\�ZKHQ�+')6�LV�UXQQLQJ�

:LWK�WKH�+DGRRS�GDHPRQV�QRZ�UXQQLQJ��WKH�ILUVW�VWHS�LV�WR�FRS\�WKH�H[HFXWDEOH�WR
+')6�VR�WKDW�LW�FDQ�EH�SLFNHG�XS�E\�WDVNWUDFNHUV�ZKHQ�WKH\�ODXQFK�PDS�DQG�UHGXFH
WDVNV�

% hadoop fs -put max_temperature bin/max_temperature

7KH�VDPSOH�GDWD�DOVR�QHHGV�WR�EH�FRSLHG�IURP�WKH�ORFDO�ILOHV\VWHP�LQWR�+')6�

% hadoop fs -put input/ncdc/sample.txt sample.txt

1RZ�ZH�FDQ�UXQ�WKH�MRE��)RU�WKLV��ZH�XVH�WKH�+DGRRS�pipes�FRPPDQG��SDVVLQJ�WKH
8QLIRUP�5HVRXUFH�,GHQWLILHU��85,��RI�WKH�H[HFXWDEOH�LQ�+')6�XVLQJ�WKH�-program�DU�
JXPHQW�

% hadoop pipes \
  -D hadoop.pipes.java.recordreader=true \
  -D hadoop.pipes.java.recordwriter=true \
  -input sample.txt \
  -output output \
  -program bin/max_temperature

:H�VSHFLI\�WZR�SURSHUWLHV�XVLQJ�WKH�-D�RSWLRQ��hadoop.pipes.java.recordreader�DQG�
hadoop.pipes.java.recordwriter��VHWWLQJ�ERWK�WR�true�WR�VD\�WKDW�ZH�KDYH�QRW�VSHFLILHG
D�&���UHFRUG�UHDGHU�RU�ZULWHU��EXW�WKDW�ZH�ZDQW�WR�XVH�WKH�GHIDXOW�-DYD�RQHV��ZKLFK�DUH
IRU� WH[W� LQSXW� DQG� RXWSXW��� 3LSHV� DOVR� DOORZV� \RX� WR� VHW� D� -DYD� PDSSHU�� UHGXFHU�
FRPELQHU��RU�SDUWLWLRQHU��,Q�IDFW��\RX�FDQ�KDYH�D�PL[WXUH�RI�-DYD�RU�&���FODVVHV�ZLWKLQ
DQ\�RQH�MRE�

7KH�UHVXOW�LV�WKH�VDPH�DV�WKH�RWKHU�YHUVLRQV�RI�WKH�VDPH�SURJUDP�WKDW�ZH�UDQ�SUHYLRXVO\�
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CHAPTER 3

The Hadoop Distributed Filesystem

:KHQ�D�GDWDVHW�RXWJURZV�WKH�VWRUDJH�FDSDFLW\�RI�D�VLQJOH�SK\VLFDO�PDFKLQH��LW�EHFRPHV
QHFHVVDU\�WR�SDUWLWLRQ�LW�DFURVV�D�QXPEHU�RI�VHSDUDWH�PDFKLQHV��)LOHV\VWHPV�WKDW�PDQDJH
WKH�VWRUDJH�DFURVV�D�QHWZRUN�RI�PDFKLQHV�DUH�FDOOHG�GLVWULEXWHG�ILOHV\VWHPV��6LQFH�WKH\
DUH�QHWZRUN�EDVHG��DOO�WKH�FRPSOLFDWLRQV�RI�QHWZRUN�SURJUDPPLQJ�NLFN�LQ��WKXV�PDNLQJ
GLVWULEXWHG�ILOHV\VWHPV�PRUH�FRPSOH[�WKDQ�UHJXODU�GLVN�ILOHV\VWHPV��)RU�H[DPSOH��RQH
RI�WKH�ELJJHVW�FKDOOHQJHV�LV�PDNLQJ�WKH�ILOHV\VWHP�WROHUDWH�QRGH�IDLOXUH�ZLWKRXW�VXIIHULQJ
GDWD�ORVV�

+DGRRS�FRPHV�ZLWK�D�GLVWULEXWHG�ILOHV\VWHP�FDOOHG�+')6��ZKLFK�VWDQGV�IRU�+DGRRS
'LVWULEXWHG�)LOHV\VWHP���<RX�PD\�VRPHWLPHV�VHH�UHIHUHQFHV�WR�£')6¤¢LQIRUPDOO\�RU�LQ
ROGHU�GRFXPHQWDWLRQ�RU�FRQILJXUDWLRQV¢ZKLFK�LV�WKH�VDPH�WKLQJ���+')6�LV�+DGRRS¦V
IODJVKLS�ILOHV\VWHP�DQG�LV�WKH�IRFXV�RI�WKLV�FKDSWHU��EXW�+DGRRS�DFWXDOO\�KDV�D�JHQHUDO�
SXUSRVH�ILOHV\VWHP�DEVWUDFWLRQ��VR�ZH¦OO�VHH�DORQJ�WKH�ZD\�KRZ�+DGRRS�LQWHJUDWHV�ZLWK
RWKHU�VWRUDJH�V\VWHPV��VXFK�DV�WKH�ORFDO�ILOHV\VWHP�DQG�$PD]RQ�6���

The Design of HDFS
+')6�LV�D�ILOHV\VWHP�GHVLJQHG�IRU�VWRULQJ�YHU\�ODUJH�ILOHV�ZLWK�VWUHDPLQJ�GDWD�DFFHVV
SDWWHUQV��UXQQLQJ�RQ�FOXVWHUV�RI�FRPPRGLW\�KDUGZDUH���/HW¦V�H[DPLQH�WKLV�VWDWHPHQW
LQ�PRUH�GHWDLO�

9HU\�ODUJH�ILOHV
£9HU\�ODUJH¤�LQ�WKLV�FRQWH[W�PHDQV�ILOHV�WKDW�DUH�KXQGUHGV�RI�PHJDE\WHV��JLJDE\WHV�
RU�WHUDE\WHV�LQ�VL]H��7KHUH�DUH�+DGRRS�FOXVWHUV�UXQQLQJ�WRGD\�WKDW�VWRUH�SHWDE\WHV
RI�GDWD��

�� 7KH�DUFKLWHFWXUH�RI�+')6�LV�GHVFULEHG�LQ�£7KH�+DGRRS�'LVWULEXWHG�)LOH�6\VWHP¤�E\�.RQVWDQWLQ�6KYDFKNR�
+DLURQJ� .XDQJ�� 6DQMD\� 5DGLD�� DQG� 5REHUW� &KDQVOHU� �3URFHHGLQJV� RI� 0667������ 0D\� ������ KWWS���
VWRUDJHFRQIHUHQFH�RUJ������3DSHUV�0667�6KYDFKNR�SGI��

�� £6FDOLQJ� +DGRRS� WR� ����� QRGHV� DW� <DKRR��¤� KWWS���GHYHORSHU�\DKRR�QHW�EORJV�KDGRRS���������VFDOLQJ
BKDGRRSBWRB����BQRGHVBD�KWPO�
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6WUHDPLQJ�GDWD�DFFHVV
+')6�LV�EXLOW�DURXQG�WKH�LGHD�WKDW�WKH�PRVW�HIILFLHQW�GDWD�SURFHVVLQJ�SDWWHUQ�LV�D
ZULWH�RQFH�� UHDG�PDQ\�WLPHV�SDWWHUQ��$�GDWDVHW� LV� W\SLFDOO\�JHQHUDWHG�RU�FRSLHG
IURP�VRXUFH��DQG�WKHQ�YDULRXV�DQDO\VHV�DUH�SHUIRUPHG�RQ�WKDW�GDWDVHW�RYHU�WLPH�
(DFK�DQDO\VLV�ZLOO�LQYROYH�D�ODUJH�SURSRUWLRQ��LI�QRW�DOO��RI�WKH�GDWDVHW��VR�WKH�WLPH
WR�UHDG�WKH�ZKROH�GDWDVHW�LV�PRUH�LPSRUWDQW�WKDQ�WKH�ODWHQF\�LQ�UHDGLQJ�WKH�ILUVW
UHFRUG�

&RPPRGLW\�KDUGZDUH
+DGRRS�GRHVQ¦W�UHTXLUH�H[SHQVLYH��KLJKO\�UHOLDEOH�KDUGZDUH��,W¦V�GHVLJQHG�WR�UXQ
RQ�FOXVWHUV�RI�FRPPRGLW\�KDUGZDUH��FRPPRQO\�DYDLODEOH�KDUGZDUH�WKDW�FDQ�EH
REWDLQHG�IURP�PXOWLSOH�YHQGRUV���IRU�ZKLFK�WKH�FKDQFH�RI�QRGH�IDLOXUH�DFURVV�WKH
FOXVWHU�LV�KLJK��DW�OHDVW�IRU�ODUJH�FOXVWHUV��+')6�LV�GHVLJQHG�WR�FDUU\�RQ�ZRUNLQJ
ZLWKRXW�D�QRWLFHDEOH�LQWHUUXSWLRQ�WR�WKH�XVHU�LQ�WKH�IDFH�RI�VXFK�IDLOXUH�

,W�LV�DOVR�ZRUWK�H[DPLQLQJ�WKH�DSSOLFDWLRQV�IRU�ZKLFK�XVLQJ�+')6�GRHV�QRW�ZRUN�VR
ZHOO��$OWKRXJK�WKLV�PD\�FKDQJH�LQ�WKH�IXWXUH��WKHVH�DUH�DUHDV�ZKHUH�+')6�LV�QRW�D�JRRG
ILW�WRGD\�

/RZ�ODWHQF\�GDWD�DFFHVV
$SSOLFDWLRQV�WKDW�UHTXLUH�ORZ�ODWHQF\�DFFHVV�WR�GDWD��LQ�WKH�WHQV�RI�PLOOLVHFRQGV
UDQJH��ZLOO�QRW�ZRUN�ZHOO�ZLWK�+')6��5HPHPEHU��+')6�LV�RSWLPL]HG�IRU�GHOLYHULQJ
D� KLJK� WKURXJKSXW� RI� GDWD�� DQG� WKLV�PD\� EH� DW� WKH� H[SHQVH� RI� ODWHQF\��+%DVH
�&KDSWHU�����LV�FXUUHQWO\�D�EHWWHU�FKRLFH�IRU�ORZ�ODWHQF\�DFFHVV�

/RWV�RI�VPDOO�ILOHV
%HFDXVH� WKH� QDPHQRGH� KROGV� ILOHV\VWHP�PHWDGDWD� LQ�PHPRU\�� WKH� OLPLW� WR� WKH
QXPEHU�RI�ILOHV�LQ�D�ILOHV\VWHP�LV�JRYHUQHG�E\�WKH�DPRXQW�RI�PHPRU\�RQ�WKH�QDPH�
QRGH��$V�D�UXOH�RI�WKXPE��HDFK�ILOH��GLUHFWRU\��DQG�EORFN�WDNHV�DERXW�����E\WHV��6R�
IRU�H[DPSOH��LI�\RX�KDG�RQH�PLOOLRQ�ILOHV��HDFK�WDNLQJ�RQH�EORFN��\RX�ZRXOG�QHHG
DW�OHDVW�����0%�RI�PHPRU\��$OWKRXJK�VWRULQJ�PLOOLRQV�RI�ILOHV�LV�IHDVLEOH��ELOOLRQV
LV�EH\RQG�WKH�FDSDELOLW\�RI�FXUUHQW�KDUGZDUH��

0XOWLSOH�ZULWHUV��DUELWUDU\�ILOH�PRGLILFDWLRQV
)LOHV�LQ�+')6�PD\�EH�ZULWWHQ�WR�E\�D�VLQJOH�ZULWHU��:ULWHV�DUH�DOZD\V�PDGH�DW�WKH
HQG�RI� WKH� ILOH��7KHUH� LV�QR�VXSSRUW� IRU�PXOWLSOH�ZULWHUV�RU� IRU�PRGLILFDWLRQV�DW
DUELWUDU\�RIIVHWV�LQ�WKH�ILOH���7KHVH�PLJKW�EH�VXSSRUWHG�LQ�WKH�IXWXUH��EXW�WKH\�DUH
OLNHO\�WR�EH�UHODWLYHO\�LQHIILFLHQW��

�� 6HH�&KDSWHU���IRU�D�W\SLFDO�PDFKLQH�VSHFLILFDWLRQ�

�� )RU�DQ�LQ�GHSWK�H[SRVLWLRQ�RI�WKH�VFDODELOLW\�OLPLWV�RI�+')6��VHH�.RQVWDQWLQ�9��6KYDFKNR¦V�£6FDODELOLW\
RI�WKH�+DGRRS�'LVWULEXWHG�)LOH�6\VWHP¤��KWWS���GHYHORSHU�\DKRR�QHW�EORJV�KDGRRS���������VFDODELOLW\BRI
BWKHBKDGRRSBGLVW�KWPO��DQG�WKH�FRPSDQLRQ�SDSHU��£+')6�6FDODELOLW\��7KH�OLPLWV�WR�JURZWK¤��$SULO������
SS���¡�����KWWS���ZZZ�XVHQL[�RUJ�SXEOLFDWLRQV�ORJLQ���������RSHQSGIV�VKYDFKNR�SGI���E\�WKH�VDPH�DXWKRU�
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HDFS Concepts

Blocks
$�GLVN�KDV�D�EORFN�VL]H��ZKLFK�LV�WKH�PLQLPXP�DPRXQW�RI�GDWD�WKDW�LW�FDQ�UHDG�RU�ZULWH�
)LOHV\VWHPV�IRU�D�VLQJOH�GLVN�EXLOG�RQ�WKLV�E\�GHDOLQJ�ZLWK�GDWD�LQ�EORFNV��ZKLFK�DUH�DQ
LQWHJUDO�PXOWLSOH�RI�WKH�GLVN�EORFN�VL]H��)LOHV\VWHP�EORFNV�DUH�W\SLFDOO\�D�IHZ�NLORE\WHV
LQ�VL]H��ZKHUHDV�GLVN�EORFNV�DUH�QRUPDOO\�����E\WHV��7KLV�LV�JHQHUDOO\�WUDQVSDUHQW�WR�WKH
ILOHV\VWHP�XVHU�ZKR�LV�VLPSO\�UHDGLQJ�RU�ZULWLQJ�D�ILOH�RI�ZKDWHYHU�OHQJWK��+RZHYHU�
WKHUH�DUH�WRROV�WR�SHUIRUP�ILOHV\VWHP�PDLQWHQDQFH��VXFK�DV�GI�DQG�IVFN��WKDW�RSHUDWH�RQ
WKH�ILOHV\VWHP�EORFN�OHYHO�

+')6��WRR��KDV�WKH�FRQFHSW�RI�D�EORFN��EXW�LW�LV�D�PXFK�ODUJHU�XQLW¢���0%�E\�GHIDXOW�
/LNH�LQ�D�ILOHV\VWHP�IRU�D�VLQJOH�GLVN��ILOHV�LQ�+')6�DUH�EURNHQ�LQWR�EORFN�VL]HG�FKXQNV�
ZKLFK�DUH�VWRUHG�DV�LQGHSHQGHQW�XQLWV��8QOLNH�D�ILOHV\VWHP�IRU�D�VLQJOH�GLVN��D�ILOH�LQ
+')6�WKDW�LV�VPDOOHU�WKDQ�D�VLQJOH�EORFN�GRHV�QRW�RFFXS\�D�IXOO�EORFN¦V�ZRUWK�RI�XQ�
GHUO\LQJ�VWRUDJH��:KHQ�XQTXDOLILHG��WKH�WHUP�£EORFN¤�LQ�WKLV�ERRN�UHIHUV�WR�D�EORFN�LQ
+')6�

Why Is a Block in HDFS So Large?
+')6�EORFNV�DUH�ODUJH�FRPSDUHG�WR�GLVN�EORFNV��DQG�WKH�UHDVRQ�LV�WR�PLQLPL]H�WKH�FRVW
RI�VHHNV��%\�PDNLQJ�D�EORFN�ODUJH�HQRXJK��WKH�WLPH�WR�WUDQVIHU�WKH�GDWD�IURP�WKH�GLVN
FDQ�EH�VLJQLILFDQWO\�ORQJHU�WKDQ�WKH�WLPH�WR�VHHN�WR�WKH�VWDUW�RI�WKH�EORFN��7KXV�WKH�WLPH
WR�WUDQVIHU�D�ODUJH�ILOH�PDGH�RI�PXOWLSOH�EORFNV�RSHUDWHV�DW�WKH�GLVN�WUDQVIHU�UDWH�

$�TXLFN�FDOFXODWLRQ�VKRZV�WKDW�LI�WKH�VHHN�WLPH�LV�DURXQG����PV�DQG�WKH�WUDQVIHU�UDWH�LV
����0%�V��WR�PDNH�WKH�VHHN�WLPH����RI�WKH�WUDQVIHU�WLPH��ZH�QHHG�WR�PDNH�WKH�EORFN
VL]H�DURXQG�����0%��7KH�GHIDXOW�LV�DFWXDOO\����0%��DOWKRXJK�PDQ\�+')6�LQVWDOODWLRQV
XVH�����0%�EORFNV��7KLV�ILJXUH�ZLOO�FRQWLQXH�WR�EH�UHYLVHG�XSZDUG�DV�WUDQVIHU�VSHHGV
JURZ�ZLWK�QHZ�JHQHUDWLRQV�RI�GLVN�GULYHV�

7KLV�DUJXPHQW�VKRXOGQ¦W�EH�WDNHQ�WRR�IDU��KRZHYHU��0DS�WDVNV�LQ�0DS5HGXFH�QRUPDOO\
RSHUDWH�RQ�RQH�EORFN�DW�D�WLPH��VR�LI�\RX�KDYH�WRR�IHZ�WDVNV��IHZHU�WKDQ�QRGHV�LQ�WKH
FOXVWHU���\RXU�MREV�ZLOO�UXQ�VORZHU�WKDQ�WKH\�FRXOG�RWKHUZLVH�

+DYLQJ�D�EORFN�DEVWUDFWLRQ�IRU�D�GLVWULEXWHG�ILOHV\VWHP�EULQJV�VHYHUDO�EHQHILWV��7KH�ILUVW
EHQHILW�LV�WKH�PRVW�REYLRXV��D�ILOH�FDQ�EH�ODUJHU�WKDQ�DQ\�VLQJOH�GLVN�LQ�WKH�QHWZRUN�
7KHUH¦V�QRWKLQJ�WKDW�UHTXLUHV�WKH�EORFNV�IURP�D�ILOH�WR�EH�VWRUHG�RQ�WKH�VDPH�GLVN��VR
WKH\�FDQ�WDNH�DGYDQWDJH�RI�DQ\�RI�WKH�GLVNV�LQ�WKH�FOXVWHU��,Q�IDFW��LW�ZRXOG�EH�SRVVLEOH�
LI�XQXVXDO��WR�VWRUH�D�VLQJOH�ILOH�RQ�DQ�+')6�FOXVWHU�ZKRVH�EORFNV�ILOOHG�DOO�WKH�GLVNV�LQ
WKH�FOXVWHU�
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6HFRQG��PDNLQJ�WKH�XQLW�RI�DEVWUDFWLRQ�D�EORFN�UDWKHU�WKDQ�D�ILOH�VLPSOLILHV�WKH�VWRUDJH
VXEV\VWHP�� 6LPSOLFLW\� LV� VRPHWKLQJ� WR� VWULYH� IRU� LQ� DOO� V\VWHPV�� EXW� LV� HVSHFLDOO\
LPSRUWDQW�IRU�D�GLVWULEXWHG�V\VWHP�LQ�ZKLFK�WKH�IDLOXUH�PRGHV�DUH�VR�YDULHG��7KH�VWRUDJH
VXEV\VWHP�GHDOV�ZLWK�EORFNV��VLPSOLI\LQJ�VWRUDJH�PDQDJHPHQW��EHFDXVH�EORFNV�DUH�D
IL[HG�VL]H��LW�LV�HDV\�WR�FDOFXODWH�KRZ�PDQ\�FDQ�EH�VWRUHG�RQ�D�JLYHQ�GLVN��DQG�HOLPLQDWLQJ
PHWDGDWD�FRQFHUQV��EHFDXVH�EORFNV�DUH�MXVW�D�FKXQN�RI�GDWD�WR�EH�VWRUHG��ILOH�PHWDGDWD
VXFK�DV�SHUPLVVLRQV�LQIRUPDWLRQ�GRHV�QRW�QHHG�WR�EH�VWRUHG�ZLWK�WKH�EORFNV��VR�DQRWKHU
V\VWHP�FDQ�KDQGOH�PHWDGDWD�VHSDUDWHO\��

)XUWKHUPRUH��EORFNV�ILW�ZHOO�ZLWK�UHSOLFDWLRQ�IRU�SURYLGLQJ�IDXOW�WROHUDQFH�DQG�DYDLOD�
ELOLW\��7R�LQVXUH�DJDLQVW�FRUUXSWHG�EORFNV�DQG�GLVN�DQG�PDFKLQH�IDLOXUH��HDFK�EORFN�LV
UHSOLFDWHG�WR�D�VPDOO�QXPEHU�RI�SK\VLFDOO\�VHSDUDWH�PDFKLQHV��W\SLFDOO\�WKUHH���,I�D�EORFN
EHFRPHV�XQDYDLODEOH��D�FRS\�FDQ�EH�UHDG�IURP�DQRWKHU�ORFDWLRQ�LQ�D�ZD\�WKDW�LV�WUDQV�
SDUHQW�WR�WKH�FOLHQW��$�EORFN�WKDW�LV�QR�ORQJHU�DYDLODEOH�GXH�WR�FRUUXSWLRQ�RU�PDFKLQH
IDLOXUH�FDQ�EH�UHSOLFDWHG�IURP�LWV�DOWHUQDWLYH�ORFDWLRQV�WR�RWKHU�OLYH�PDFKLQHV�WR�EULQJ
WKH�UHSOLFDWLRQ�IDFWRU�EDFN�WR�WKH�QRUPDO�OHYHO���6HH�£'DWD�,QWHJULW\¤�RQ�SDJH����IRU
PRUH�RQ�JXDUGLQJ�DJDLQVW�FRUUXSW�GDWD���6LPLODUO\��VRPH�DSSOLFDWLRQV�PD\�FKRRVH�WR
VHW�D�KLJK�UHSOLFDWLRQ�IDFWRU�IRU�WKH�EORFNV�LQ�D�SRSXODU�ILOH�WR�VSUHDG�WKH�UHDG�ORDG�RQ
WKH�FOXVWHU�

/LNH�LWV�GLVN�ILOHV\VWHP�FRXVLQ��+')6¦V�fsck�FRPPDQG�XQGHUVWDQGV�EORFNV��)RU�H[DP�
SOH��UXQQLQJ�

% hadoop fsck / -files -blocks

ZLOO�OLVW�WKH�EORFNV�WKDW�PDNH�XS�HDFK�ILOH�LQ�WKH�ILOHV\VWHP���6HH�DOVR�£)LOHV\VWHP�FKHFN
�IVFN�¤�RQ�SDJH������

Namenodes and Datanodes
$Q�+')6�FOXVWHU�KDV�WZR�W\SHV�RI�QRGHV�RSHUDWLQJ�LQ�D�PDVWHU�ZRUNHU�SDWWHUQ��D�QDPH�
QRGH��WKH�PDVWHU��DQG�D�QXPEHU�RI�GDWDQRGHV��ZRUNHUV���7KH�QDPHQRGH�PDQDJHV�WKH
ILOHV\VWHP�QDPHVSDFH��,W�PDLQWDLQV�WKH�ILOHV\VWHP�WUHH�DQG�WKH�PHWDGDWD�IRU�DOO�WKH�ILOHV
DQG�GLUHFWRULHV�LQ�WKH�WUHH��7KLV�LQIRUPDWLRQ�LV�VWRUHG�SHUVLVWHQWO\�RQ�WKH�ORFDO�GLVN�LQ
WKH�IRUP�RI�WZR�ILOHV��WKH�QDPHVSDFH�LPDJH�DQG�WKH�HGLW�ORJ��7KH�QDPHQRGH�DOVR�NQRZV
WKH�GDWDQRGHV�RQ�ZKLFK�DOO� WKH�EORFNV� IRU�D�JLYHQ� ILOH�DUH� ORFDWHG��KRZHYHU�� LW�GRHV
QRW�VWRUH�EORFN�ORFDWLRQV�SHUVLVWHQWO\��EHFDXVH�WKLV�LQIRUPDWLRQ�LV�UHFRQVWUXFWHG�IURP
GDWDQRGHV�ZKHQ�WKH�V\VWHP�VWDUWV�

$�FOLHQW�DFFHVVHV�WKH�ILOHV\VWHP�RQ�EHKDOI�RI�WKH�XVHU�E\�FRPPXQLFDWLQJ�ZLWK�WKH�QDPH�
QRGH�DQG�GDWDQRGHV��7KH�FOLHQW�SUHVHQWV�D� ILOHV\VWHP�LQWHUIDFH�VLPLODU�WR�D�3RUWDEOH
2SHUDWLQJ�6\VWHP�,QWHUIDFH��326,;���VR�WKH�XVHU�FRGH�GRHV�QRW�QHHG�WR�NQRZ�DERXW�WKH
QDPHQRGH�DQG�GDWDQRGH�WR�IXQFWLRQ�

'DWDQRGHV�DUH�WKH�ZRUNKRUVHV�RI�WKH�ILOHV\VWHP��7KH\�VWRUH�DQG�UHWULHYH�EORFNV�ZKHQ
WKH\�DUH�WROG�WR��E\�FOLHQWV�RU�WKH�QDPHQRGH���DQG�WKH\�UHSRUW�EDFN�WR�WKH�QDPHQRGH
SHULRGLFDOO\�ZLWK�OLVWV�RI�EORFNV�WKDW�WKH\�DUH�VWRULQJ�
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:LWKRXW�WKH�QDPHQRGH��WKH�ILOHV\VWHP�FDQQRW�EH�XVHG��,Q�IDFW��LI�WKH�PDFKLQH�UXQQLQJ
WKH�QDPHQRGH�ZHUH�REOLWHUDWHG��DOO�WKH�ILOHV�RQ�WKH�ILOHV\VWHP�ZRXOG�EH�ORVW�VLQFH�WKHUH
ZRXOG� EH� QR�ZD\� RI� NQRZLQJ� KRZ� WR� UHFRQVWUXFW� WKH� ILOHV� IURP� WKH� EORFNV� RQ� WKH
GDWDQRGHV��)RU�WKLV�UHDVRQ��LW�LV�LPSRUWDQW�WR�PDNH�WKH�QDPHQRGH�UHVLOLHQW�WR�IDLOXUH�
DQG�+DGRRS�SURYLGHV�WZR�PHFKDQLVPV�IRU�WKLV�

7KH�ILUVW�ZD\�LV�WR�EDFN�XS�WKH�ILOHV�WKDW�PDNH�XS�WKH�SHUVLVWHQW�VWDWH�RI�WKH�ILOHV\VWHP
PHWDGDWD��+DGRRS�FDQ�EH�FRQILJXUHG�VR�WKDW�WKH�QDPHQRGH�ZULWHV�LWV�SHUVLVWHQW�VWDWH
WR�PXOWLSOH�ILOHV\VWHPV��7KHVH�ZULWHV�DUH�V\QFKURQRXV�DQG�DWRPLF��7KH�XVXDO�FRQILJX�
UDWLRQ�FKRLFH�LV�WR�ZULWH�WR�ORFDO�GLVN�DV�ZHOO�DV�D�UHPRWH�1)6�PRXQW�

,W�LV�DOVR�SRVVLEOH�WR�UXQ�D�VHFRQGDU\�QDPHQRGH��ZKLFK�GHVSLWH�LWV�QDPH�GRHV�QRW�DFW�DV
D�QDPHQRGH��,WV�PDLQ�UROH�LV�WR�SHULRGLFDOO\�PHUJH�WKH�QDPHVSDFH�LPDJH�ZLWK�WKH�HGLW
ORJ�WR�SUHYHQW�WKH�HGLW�ORJ�IURP�EHFRPLQJ�WRR�ODUJH��7KH�VHFRQGDU\�QDPHQRGH�XVXDOO\
UXQV�RQ�D�VHSDUDWH�SK\VLFDO�PDFKLQH�EHFDXVH�LW�UHTXLUHV�SOHQW\�RI�&38�DQG�DV�PXFK
PHPRU\�DV�WKH�QDPHQRGH�WR�SHUIRUP�WKH�PHUJH��,W�NHHSV�D�FRS\�RI�WKH�PHUJHG�QDPH�
VSDFH�LPDJH��ZKLFK�FDQ�EH�XVHG�LQ�WKH�HYHQW�RI�WKH�QDPHQRGH�IDLOLQJ��+RZHYHU��WKH
VWDWH�RI�WKH�VHFRQGDU\�QDPHQRGH�ODJV�WKDW�RI�WKH�SULPDU\��VR�LQ�WKH�HYHQW�RI�WRWDO�IDLOXUH
RI�WKH�SULPDU\��GDWD�ORVV�LV�DOPRVW�FHUWDLQ��7KH�XVXDO�FRXUVH�RI�DFWLRQ�LQ�WKLV�FDVH�LV�WR
FRS\�WKH�QDPHQRGH¦V�PHWDGDWD�ILOHV�WKDW�DUH�RQ�1)6�WR�WKH�VHFRQGDU\�DQG�UXQ�LW�DV�WKH
QHZ�SULPDU\�

6HH�£7KH�ILOHV\VWHP�LPDJH�DQG�HGLW�ORJ¤�RQ�SDJH�����IRU�PRUH�GHWDLOV�

HDFS Federation
7KH�QDPHQRGH�NHHSV�D�UHIHUHQFH�WR�HYHU\�ILOH�DQG�EORFN�LQ�WKH�ILOHV\VWHP�LQ�PHPRU\�
ZKLFK�PHDQV�WKDW�RQ�YHU\�ODUJH�FOXVWHUV�ZLWK�PDQ\�ILOHV��PHPRU\�EHFRPHV�WKH�OLPLWLQJ
IDFWRU�IRU�VFDOLQJ��VHH�£+RZ�0XFK�0HPRU\�'RHV�D�1DPHQRGH�1HHG"¤�RQ�SDJH������
+')6�)HGHUDWLRQ��LQWURGXFHG�LQ�WKH���[�UHOHDVH�VHULHV��DOORZV�D�FOXVWHU�WR�VFDOH�E\�DGGLQJ
QDPHQRGHV��HDFK�RI�ZKLFK�PDQDJHV�D�SRUWLRQ�RI�WKH�ILOHV\VWHP�QDPHVSDFH��)RU�H[DP�
SOH��RQH�QDPHQRGH�PLJKW�PDQDJH�DOO�WKH�ILOHV�URRWHG�XQGHU��XVHU��VD\��DQG�D�VHFRQG
QDPHQRGH�PLJKW�KDQGOH�ILOHV�XQGHU��VKDUH�

8QGHU�IHGHUDWLRQ��HDFK�QDPHQRGH�PDQDJHV�D�QDPHVSDFH�YROXPH��ZKLFK�LV�PDGH�XS�RI
WKH�PHWDGDWD�IRU�WKH�QDPHVSDFH��DQG�D�EORFN�SRRO�FRQWDLQLQJ�DOO�WKH�EORFNV�IRU�WKH�ILOHV
LQ�WKH�QDPHVSDFH��1DPHVSDFH�YROXPHV�DUH�LQGHSHQGHQW�RI�HDFK�RWKHU��ZKLFK�PHDQV
QDPHQRGHV�GR�QRW�FRPPXQLFDWH�ZLWK�RQH�DQRWKHU��DQG�IXUWKHUPRUH�WKH�IDLOXUH�RI�RQH
QDPHQRGH�GRHV�QRW�DIIHFW�WKH�DYDLODELOLW\�RI�WKH�QDPHVSDFHV�PDQDJHG�E\�RWKHU�QDPHQ�
RGHV��%ORFN�SRRO�VWRUDJH�LV�QRW�SDUWLWLRQHG��KRZHYHU��VR�GDWDQRGHV�UHJLVWHU�ZLWK�HDFK
QDPHQRGH�LQ�WKH�FOXVWHU�DQG�VWRUH�EORFNV�IURP�PXOWLSOH�EORFN�SRROV�

7R�DFFHVV�D�IHGHUDWHG�+')6�FOXVWHU��FOLHQWV�XVH�FOLHQW�VLGH�PRXQW�WDEOHV�WR�PDS�ILOH
SDWKV�WR�QDPHQRGHV��7KLV�LV�PDQDJHG�LQ�FRQILJXUDWLRQ�XVLQJ�ViewFileSystem�DQG�WKH
YLHZIV����85,V�
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HDFS High-Availability
7KH�FRPELQDWLRQ�RI�UHSOLFDWLQJ�QDPHQRGH�PHWDGDWD�RQ�PXOWLSOH�ILOHV\VWHPV�DQG�XVLQJ
WKH�VHFRQGDU\�QDPHQRGH�WR�FUHDWH�FKHFNSRLQWV�SURWHFWV�DJDLQVW�GDWD�ORVV��EXW�LW�GRHV
QRW�SURYLGH�KLJK�DYDLODELOLW\�RI�WKH�ILOHV\VWHP��7KH�QDPHQRGH�LV�VWLOO�D�VLQJOH�SRLQW�RI
IDLOXUH��632)���,I�LW�GLG�IDLO��DOO�FOLHQWV¢LQFOXGLQJ�0DS5HGXFH�MREV¢ZRXOG�EH�XQDEOH
WR�UHDG��ZULWH��RU�OLVW�ILOHV��EHFDXVH�WKH�QDPHQRGH�LV�WKH�VROH�UHSRVLWRU\�RI�WKH�PHWDGDWD
DQG�WKH�ILOH�WR�EORFN�PDSSLQJ��,Q�VXFK�DQ�HYHQW�WKH�ZKROH�+DGRRS�V\VWHP�ZRXOG�HI�
IHFWLYHO\�EH�RXW�RI�VHUYLFH�XQWLO�D�QHZ�QDPHQRGH�FRXOG�EH�EURXJKW�RQOLQH�

7R� UHFRYHU� IURP�D� IDLOHG�QDPHQRGH� LQ� WKLV� VLWXDWLRQ��DQ�DGPLQLVWUDWRU� VWDUWV�D�QHZ
SULPDU\� QDPHQRGH� ZLWK� RQH� RI� WKH� ILOHV\VWHP� PHWDGDWD� UHSOLFDV� DQG� FRQILJXUHV
GDWDQRGHV�DQG�FOLHQWV�WR�XVH�WKLV�QHZ�QDPHQRGH��7KH�QHZ�QDPHQRGH�LV�QRW�DEOH�WR
VHUYH�UHTXHVWV�XQWLO�LW�KDV�L��ORDGHG�LWV�QDPHVSDFH�LPDJH�LQWR�PHPRU\��LL��UHSOD\HG�LWV
HGLW�ORJ��DQG�LLL��UHFHLYHG�HQRXJK�EORFN�UHSRUWV�IURP�WKH�GDWDQRGHV�WR�OHDYH�VDIH�PRGH�
2Q�ODUJH�FOXVWHUV�ZLWK�PDQ\�ILOHV�DQG�EORFNV��WKH�WLPH�LW�WDNHV�IRU�D�QDPHQRGH�WR�VWDUW
IURP�FROG�FDQ�EH����PLQXWHV�RU�PRUH�

7KH� ORQJ� UHFRYHU\� WLPH� LV� D�SUREOHP� IRU� URXWLQH�PDLQWHQDQFH� WRR�� ,Q� IDFW��EHFDXVH
XQH[SHFWHG�IDLOXUH�RI�WKH�QDPHQRGH�LV�VR�UDUH��WKH�FDVH�IRU�SODQQHG�GRZQWLPH�LV�DFWXDOO\
PRUH�LPSRUWDQW�LQ�SUDFWLFH�

7KH���[�UHOHDVH�VHULHV�RI�+DGRRS�UHPHGLHV�WKLV�VLWXDWLRQ�E\�DGGLQJ�VXSSRUW�IRU�+')6
KLJK�DYDLODELOLW\��+$���,Q�WKLV�LPSOHPHQWDWLRQ�WKHUH�LV�D�SDLU�RI�QDPHQRGHV�LQ�DQ�DFWLYH�
VWDQGE\�FRQILJXUDWLRQ��,Q�WKH�HYHQW�RI�WKH�IDLOXUH�RI�WKH�DFWLYH�QDPHQRGH��WKH�VWDQGE\
WDNHV�RYHU�LWV�GXWLHV�WR�FRQWLQXH�VHUYLFLQJ�FOLHQW�UHTXHVWV�ZLWKRXW�D�VLJQLILFDQW�LQWHU�
UXSWLRQ��$�IHZ�DUFKLWHFWXUDO�FKDQJHV�DUH�QHHGHG�WR�DOORZ�WKLV�WR�KDSSHQ�

� 7KH�QDPHQRGHV�PXVW�XVH�KLJKO\�DYDLODEOH�VKDUHG�VWRUDJH�WR�VKDUH�WKH�HGLW�ORJ���,Q
WKH�LQLWLDO�LPSOHPHQWDWLRQ�RI�+$�WKLV�ZLOO�UHTXLUH�DQ�1)6�ILOHU��EXW�LQ�IXWXUH�UHOHDVHV
PRUH�RSWLRQV�ZLOO�EH�SURYLGHG��VXFK�DV�D�%RRN.HHSHU�EDVHG�V\VWHP�EXLOW�RQ�=RR�
.HHSHU���:KHQ�D�VWDQGE\�QDPHQRGH�FRPHV�XS��LW�UHDGV�XS�WR�WKH�HQG�RI�WKH�VKDUHG
HGLW�ORJ�WR�V\QFKURQL]H�LWV�VWDWH�ZLWK�WKH�DFWLYH�QDPHQRGH��DQG�WKHQ�FRQWLQXHV�WR
UHDG�QHZ�HQWULHV�DV�WKH\�DUH�ZULWWHQ�E\�WKH�DFWLYH�QDPHQRGH�

� 'DWDQRGHV�PXVW�VHQG�EORFN�UHSRUWV�WR�ERWK�QDPHQRGHV�EHFDXVH�WKH�EORFN�PDS�
SLQJV�DUH�VWRUHG�LQ�D�QDPHQRGH¦V�PHPRU\��DQG�QRW�RQ�GLVN�

� &OLHQWV�PXVW�EH�FRQILJXUHG�WR�KDQGOH�QDPHQRGH�IDLORYHU��XVLQJ�D�PHFKDQLVP�WKDW
LV�WUDQVSDUHQW�WR�XVHUV�

,I�WKH�DFWLYH�QDPHQRGH�IDLOV��WKH�VWDQGE\�FDQ�WDNH�RYHU�YHU\�TXLFNO\��LQ�D�IHZ�WHQV�RI
VHFRQGV��EHFDXVH�LW�KDV�WKH�ODWHVW�VWDWH�DYDLODEOH�LQ�PHPRU\��ERWK�WKH�ODWHVW�HGLW�ORJ
HQWULHV�DQG�DQ�XS�WR�GDWH�EORFN�PDSSLQJ��7KH�DFWXDO�REVHUYHG�IDLORYHU�WLPH�ZLOO�EH
ORQJHU�LQ�SUDFWLFH��DURXQG�D�PLQXWH�RU�VR���EHFDXVH�WKH�V\VWHP�QHHGV�WR�EH�FRQVHUYDWLYH
LQ�GHFLGLQJ�WKDW�WKH�DFWLYH�QDPHQRGH�KDV�IDLOHG�
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,Q�WKH�XQOLNHO\�HYHQW�RI�WKH�VWDQGE\�EHLQJ�GRZQ�ZKHQ�WKH�DFWLYH�IDLOV��WKH�DGPLQLVWUDWRU
FDQ�VWLOO�VWDUW�WKH�VWDQGE\�IURP�FROG��7KLV�LV�QR�ZRUVH�WKDQ�WKH�QRQ�+$�FDVH��DQG�IURP
DQ�RSHUDWLRQDO�SRLQW�RI�YLHZ�LW¦V�DQ�LPSURYHPHQW��EHFDXVH�WKH�SURFHVV�LV�D�VWDQGDUG
RSHUDWLRQDO�SURFHGXUH�EXLOW�LQWR�+DGRRS�

Failover and fencing
7KH�WUDQVLWLRQ�IURP�WKH�DFWLYH�QDPHQRGH�WR�WKH�VWDQGE\�LV�PDQDJHG�E\�D�QHZ�HQWLW\�LQ
WKH�V\VWHP�FDOOHG�WKH�IDLORYHU�FRQWUROOHU��)DLORYHU�FRQWUROOHUV�DUH�SOXJJDEOH��EXW�WKH�ILUVW
LPSOHPHQWDWLRQ�XVHV�=RR.HHSHU� WR� HQVXUH� WKDW� RQO\�RQH�QDPHQRGH� LV� DFWLYH��(DFK
QDPHQRGH�UXQV�D�OLJKWZHLJKW�IDLORYHU�FRQWUROOHU�SURFHVV�ZKRVH�MRE�LW�LV�WR�PRQLWRU�LWV
QDPHQRGH�IRU�IDLOXUHV��XVLQJ�D�VLPSOH�KHDUWEHDWLQJ�PHFKDQLVP��DQG�WULJJHU�D�IDLORYHU
VKRXOG�D�QDPHQRGH�IDLO�

)DLORYHU�PD\�DOVR�EH�LQLWLDWHG�PDQXDOO\�E\�DQ�DGPLQLVWUDWRU��IRU�H[DPSOH��LQ�WKH�FDVH
RI�URXWLQH�PDLQWHQDQFH��7KLV�LV�NQRZQ�DV�D�JUDFHIXO�IDLORYHU��VLQFH�WKH�IDLORYHU�FRQWUROOHU
DUUDQJHV�DQ�RUGHUO\�WUDQVLWLRQ�IRU�ERWK�QDPHQRGHV�WR�VZLWFK�UROHV�

,Q�WKH�FDVH�RI�DQ�XQJUDFHIXO�IDLORYHU��KRZHYHU��LW�LV�LPSRVVLEOH�WR�EH�VXUH�WKDW�WKH�IDLOHG
QDPHQRGH�KDV�VWRSSHG�UXQQLQJ��)RU�H[DPSOH��D�VORZ�QHWZRUN�RU�D�QHWZRUN�SDUWLWLRQ
FDQ�WULJJHU�D�IDLORYHU�WUDQVLWLRQ��HYHQ�WKRXJK�WKH�SUHYLRXVO\�DFWLYH�QDPHQRGH�LV�VWLOO
UXQQLQJ�DQG�WKLQNV�LW�LV�VWLOO�WKH�DFWLYH�QDPHQRGH��7KH�+$�LPSOHPHQWDWLRQ�JRHV�WR�JUHDW
OHQJWKV� WR�HQVXUH� WKDW� WKH�SUHYLRXVO\�DFWLYH�QDPHQRGH� LV�SUHYHQWHG�IURP�GRLQJ�DQ\
GDPDJH�DQG�FDXVLQJ�FRUUXSWLRQ¢D�PHWKRG�NQRZQ�DV�IHQFLQJ��7KH�V\VWHP�HPSOR\V�D
UDQJH�RI�IHQFLQJ�PHFKDQLVPV��LQFOXGLQJ�NLOOLQJ�WKH�QDPHQRGH¦V�SURFHVV��UHYRNLQJ�LWV
DFFHVV�WR�WKH�VKDUHG�VWRUDJH�GLUHFWRU\��W\SLFDOO\�E\�XVLQJ�D�YHQGRU�VSHFLILF�1)6�FRP�
PDQG���DQG�GLVDEOLQJ�LWV�QHWZRUN�SRUW�YLD�D�UHPRWH�PDQDJHPHQW�FRPPDQG��$V�D�ODVW
UHVRUW��WKH�SUHYLRXVO\�DFWLYH�QDPHQRGH�FDQ�EH�IHQFHG�ZLWK�D�WHFKQLTXH�UDWKHU�JUDSKL�
FDOO\�NQRZQ�DV�6721,7+��RU�£VKRRW�WKH�RWKHU�QRGH�LQ�WKH�KHDG�¤�ZKLFK�XVHV�D�VSHFL�
DOL]HG�SRZHU�GLVWULEXWLRQ�XQLW�WR�IRUFLEO\�SRZHU�GRZQ�WKH�KRVW�PDFKLQH�

&OLHQW�IDLORYHU�LV�KDQGOHG�WUDQVSDUHQWO\�E\�WKH�FOLHQW�OLEUDU\��7KH�VLPSOHVW�LPSOHPHQ�
WDWLRQ�XVHV�FOLHQW�VLGH�FRQILJXUDWLRQ�WR�FRQWURO�IDLORYHU��7KH�+')6�85,�XVHV�D�ORJLFDO
KRVWQDPH�WKDW�LV�PDSSHG�WR�D�SDLU�RI�QDPHQRGH�DGGUHVVHV��LQ�WKH�FRQILJXUDWLRQ�ILOH��
DQG�WKH�FOLHQW�OLEUDU\�WULHV�HDFK�QDPHQRGH�DGGUHVV�XQWLO�WKH�RSHUDWLRQ�VXFFHHGV�

The Command-Line Interface
:H¦UH�JRLQJ�WR�KDYH�D�ORRN�DW�+')6�E\�LQWHUDFWLQJ�ZLWK�LW�IURP�WKH�FRPPDQG�OLQH�
7KHUH�DUH�PDQ\�RWKHU�LQWHUIDFHV�WR�+')6��EXW�WKH�FRPPDQG�OLQH�LV�RQH�RI�WKH�VLPSOHVW
DQG��WR�PDQ\�GHYHORSHUV��WKH�PRVW�IDPLOLDU�

:H�DUH�JRLQJ�WR�UXQ�+')6�RQ�RQH�PDFKLQH��VR�ILUVW�IROORZ�WKH�LQVWUXFWLRQV�IRU�VHWWLQJ
XS�+DGRRS�LQ�SVHXGRGLVWULEXWHG�PRGH�LQ�$SSHQGL[�$��/DWHU�ZH¦OO�VHH�KRZ�WR�UXQ�+')6
RQ�D�FOXVWHU�RI�PDFKLQHV�WR�JLYH�XV�VFDODELOLW\�DQG�IDXOW�WROHUDQFH�

The Command-Line Interface | 49



7KHUH�DUH�WZR�SURSHUWLHV�WKDW�ZH�VHW�LQ�WKH�SVHXGRGLVWULEXWHG�FRQILJXUDWLRQ�WKDW�GHVHUYH
IXUWKHU�H[SODQDWLRQ��7KH�ILUVW�LV�fs.default.name��VHW�WR�KGIV���ORFDOKRVW���ZKLFK�LV�XVHG
WR�VHW�D�GHIDXOW�ILOHV\VWHP�IRU�+DGRRS��)LOHV\VWHPV�DUH�VSHFLILHG�E\�D�85,��DQG�KHUH�ZH
KDYH�XVHG�DQ�hdfs�85,�WR�FRQILJXUH�+DGRRS�WR�XVH�+')6�E\�GHIDXOW��7KH�+')6�GDH�
PRQV�ZLOO�XVH�WKLV�SURSHUW\�WR�GHWHUPLQH�WKH�KRVW�DQG�SRUW�IRU�WKH�+')6�QDPHQRGH�
:H¦OO�EH�UXQQLQJ�LW�RQ�localhost��RQ�WKH�GHIDXOW�+')6�SRUW��������$QG�+')6�FOLHQWV
ZLOO�XVH�WKLV�SURSHUW\�WR�ZRUN�RXW�ZKHUH�WKH�QDPHQRGH�LV�UXQQLQJ�VR�WKH\�FDQ�FRQQHFW
WR�LW�

:H� VHW� WKH� VHFRQG�SURSHUW\��dfs.replication�� WR� �� VR� WKDW�+')6�GRHVQ¦W� UHSOLFDWH
ILOHV\VWHP�EORFNV�E\�WKH�GHIDXOW�IDFWRU�RI�WKUHH��:KHQ�UXQQLQJ�ZLWK�D�VLQJOH�GDWDQRGH�
+')6�FDQ¦W�UHSOLFDWH�EORFNV�WR�WKUHH�GDWDQRGHV��VR�LW�ZRXOG�SHUSHWXDOO\�ZDUQ�DERXW
EORFNV�EHLQJ�XQGHU�UHSOLFDWHG��7KLV�VHWWLQJ�VROYHV�WKDW�SUREOHP�

Basic Filesystem Operations
7KH�ILOHV\VWHP�LV�UHDG\�WR�EH�XVHG��DQG�ZH�FDQ�GR�DOO�RI�WKH�XVXDO�ILOHV\VWHP�RSHUDWLRQV�
VXFK�DV�UHDGLQJ�ILOHV��FUHDWLQJ�GLUHFWRULHV��PRYLQJ�ILOHV��GHOHWLQJ�GDWD��DQG�OLVWLQJ�GLUHF�
WRULHV��<RX�FDQ�W\SH�hadoop fs -help�WR�JHW�GHWDLOHG�KHOS�RQ�HYHU\�FRPPDQG�

6WDUW�E\�FRS\LQJ�D�ILOH�IURP�WKH�ORFDO�ILOHV\VWHP�WR�+')6�

% hadoop fs -copyFromLocal input/docs/quangle.txt hdfs://localhost/user/tom/
      quangle.txt

7KLV� FRPPDQG� LQYRNHV�+DGRRS¦V� ILOHV\VWHP� VKHOO� FRPPDQG� fs�� ZKLFK� VXSSRUWV� D
QXPEHU�RI�VXEFRPPDQGV¢LQ�WKLV�FDVH��ZH�DUH�UXQQLQJ�-copyFromLocal��7KH�ORFDO�ILOH
TXDQJOH�W[W�LV�FRSLHG�WR�WKH�ILOH��XVHU�WRP�TXDQJOH�W[W�RQ�WKH�+')6�LQVWDQFH�UXQQLQJ�RQ
ORFDOKRVW��,Q�IDFW��ZH�FRXOG�KDYH�RPLWWHG�WKH�VFKHPH�DQG�KRVW�RI�WKH�85,�DQG�SLFNHG
XS�WKH�GHIDXOW��hdfs://localhost��DV�VSHFLILHG�LQ�FRUH�VLWH�[PO�

% hadoop fs -copyFromLocal input/docs/quangle.txt /user/tom/quangle.txt

:H�DOVR�FRXOG�KDYH�XVHG�D�UHODWLYH�SDWK�DQG�FRSLHG�WKH�ILOH�WR�RXU�KRPH�GLUHFWRU\�LQ
+')6��ZKLFK�LQ�WKLV�FDVH�LV��XVHU�WRP�

% hadoop fs -copyFromLocal input/docs/quangle.txt quangle.txt

/HW¦V�FRS\�WKH�ILOH�EDFN�WR�WKH�ORFDO�ILOHV\VWHP�DQG�FKHFN�ZKHWKHU�LW¦V�WKH�VDPH�

% hadoop fs -copyToLocal quangle.txt quangle.copy.txt
% md5 input/docs/quangle.txt quangle.copy.txt
MD5 (input/docs/quangle.txt) = a16f231da6b05e2ba7a339320e7dacd9
MD5 (quangle.copy.txt) = a16f231da6b05e2ba7a339320e7dacd9

7KH�0'��GLJHVWV�DUH�WKH�VDPH��VKRZLQJ�WKDW�WKH�ILOH�VXUYLYHG�LWV�WULS�WR�+')6�DQG�LV
EDFN�LQWDFW�

)LQDOO\��OHW¦V�ORRN�DW�DQ�+')6�ILOH�OLVWLQJ��:H�FUHDWH�D�GLUHFWRU\�ILUVW�MXVW�WR�VHH�KRZ�LW
LV�GLVSOD\HG�LQ�WKH�OLVWLQJ�
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% hadoop fs -mkdir books
% hadoop fs -ls .
Found 2 items
drwxr-xr-x   - tom supergroup          0 2009-04-02 22:41 /user/tom/books
-rw-r--r--   1 tom supergroup        118 2009-04-02 22:29 /user/tom/quangle.txt

7KH�LQIRUPDWLRQ�UHWXUQHG�LV�YHU\�VLPLODU�WR�WKH�8QL[�FRPPDQG�ls -l��ZLWK�D�IHZ�PLQRU
GLIIHUHQFHV��7KH�ILUVW�FROXPQ�VKRZV�WKH�ILOH�PRGH��7KH�VHFRQG�FROXPQ�LV�WKH�UHSOLFDWLRQ
IDFWRU�RI�WKH�ILOH��VRPHWKLQJ�D�WUDGLWLRQDO�8QL[�ILOHV\VWHP�GRHV�QRW�KDYH���5HPHPEHU
ZH�VHW�WKH�GHIDXOW�UHSOLFDWLRQ�IDFWRU�LQ�WKH�VLWH�ZLGH�FRQILJXUDWLRQ�WR�EH����ZKLFK�LV�ZK\
ZH�VHH�WKH�VDPH�YDOXH�KHUH��7KH�HQWU\�LQ�WKLV�FROXPQ�LV�HPSW\�IRU�GLUHFWRULHV�EHFDXVH
WKH�FRQFHSW�RI�UHSOLFDWLRQ�GRHV�QRW�DSSO\�WR�WKHP¢GLUHFWRULHV�DUH�WUHDWHG�DV�PHWDGDWD
DQG�VWRUHG�E\�WKH�QDPHQRGH��QRW�WKH�GDWDQRGHV��7KH�WKLUG�DQG�IRXUWK�FROXPQV�VKRZ
WKH�ILOH�RZQHU�DQG�JURXS��7KH�ILIWK�FROXPQ�LV�WKH�VL]H�RI�WKH�ILOH�LQ�E\WHV��RU�]HUR�IRU
GLUHFWRULHV��7KH�VL[WK�DQG�VHYHQWK�FROXPQV�DUH�WKH�ODVW�PRGLILHG�GDWH�DQG�WLPH��)LQDOO\�
WKH�HLJKWK�FROXPQ�LV�WKH�DEVROXWH�QDPH�RI�WKH�ILOH�RU�GLUHFWRU\�

File Permissions in HDFS
+')6�KDV�D�SHUPLVVLRQV�PRGHO�IRU�ILOHV�DQG�GLUHFWRULHV�WKDW�LV�PXFK�OLNH�326,;�

7KHUH�DUH�WKUHH�W\SHV�RI�SHUPLVVLRQ��WKH�UHDG�SHUPLVVLRQ��r���WKH�ZULWH�SHUPLVVLRQ��w��
DQG�WKH�H[HFXWH�SHUPLVVLRQ��x���7KH�UHDG�SHUPLVVLRQ�LV�UHTXLUHG�WR�UHDG�ILOHV�RU�OLVW�WKH
FRQWHQWV�RI�D�GLUHFWRU\��7KH�ZULWH�SHUPLVVLRQ�LV�UHTXLUHG�WR�ZULWH�D�ILOH��RU�IRU�D�GLUHFWRU\�
WR�FUHDWH�RU�GHOHWH�ILOHV�RU�GLUHFWRULHV�LQ�LW��7KH�H[HFXWH�SHUPLVVLRQ�LV�LJQRUHG�IRU�D�ILOH
EHFDXVH� \RX�FDQ¦W� H[HFXWH� D� ILOH�RQ�+')6� �XQOLNH�326,;��� DQG� IRU� D�GLUHFWRU\� WKLV
SHUPLVVLRQ�LV�UHTXLUHG�WR�DFFHVV�LWV�FKLOGUHQ�

(DFK�ILOH�DQG�GLUHFWRU\�KDV�DQ�RZQHU��D�JURXS��DQG�D�PRGH��7KH�PRGH�LV�PDGH�XS�RI�WKH
SHUPLVVLRQV� IRU� WKH� XVHU�ZKR� LV� WKH� RZQHU�� WKH� SHUPLVVLRQV� IRU� WKH� XVHUV�ZKR� DUH
PHPEHUV�RI�WKH�JURXS��DQG�WKH�SHUPLVVLRQV�IRU�XVHUV�ZKR�DUH�QHLWKHU�WKH�RZQHUV�QRU
PHPEHUV�RI�WKH�JURXS�

%\�GHIDXOW��D�FOLHQW¦V�LGHQWLW\�LV�GHWHUPLQHG�E\�WKH�XVHUQDPH�DQG�JURXSV�RI�WKH�SURFHVV
LW�LV�UXQQLQJ�LQ��%HFDXVH�FOLHQWV�DUH�UHPRWH��WKLV�PDNHV�LW�SRVVLEOH�WR�EHFRPH�DQ�DUELWUDU\
XVHU�VLPSO\�E\�FUHDWLQJ�DQ�DFFRXQW�RI�WKDW�QDPH�RQ�WKH�UHPRWH�V\VWHP��7KXV��SHUPLV�
VLRQV�VKRXOG�EH�XVHG�RQO\�LQ�D�FRRSHUDWLYH�FRPPXQLW\�RI�XVHUV��DV�D�PHFKDQLVP�IRU
VKDULQJ�ILOHV\VWHP�UHVRXUFHV�DQG�IRU�DYRLGLQJ�DFFLGHQWDO�GDWD�ORVV��DQG�QRW�IRU�VHFXULQJ
UHVRXUFHV�LQ�D�KRVWLOH�HQYLURQPHQW���1RWH��KRZHYHU��WKDW�WKH�ODWHVW�YHUVLRQV�RI�+DGRRS
VXSSRUW� .HUEHURV� DXWKHQWLFDWLRQ�� ZKLFK� UHPRYHV� WKHVH� UHVWULFWLRQV�� VHH� £6HFX�
ULW\¤�RQ�SDJH�������'HVSLWH�WKHVH�OLPLWDWLRQV��LW�LV�ZRUWKZKLOH�KDYLQJ�SHUPLVVLRQV�HQ�
DEOHG��DV�LW�LV�E\�GHIDXOW��VHH�WKH�dfs.permissions�SURSHUW\���WR�DYRLG�DFFLGHQWDO�PRGL�
ILFDWLRQ�RU�GHOHWLRQ�RI�VXEVWDQWLDO�SDUWV�RI�WKH�ILOHV\VWHP��HLWKHU�E\�XVHUV�RU�E\�DXWRPDWHG
WRROV�RU�SURJUDPV�
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:KHQ�SHUPLVVLRQV�FKHFNLQJ�LV�HQDEOHG��WKH�RZQHU�SHUPLVVLRQV�DUH�FKHFNHG�LI�WKH�FOL�
HQW¦V�XVHUQDPH�PDWFKHV�WKH�RZQHU��DQG�WKH�JURXS�SHUPLVVLRQV�DUH�FKHFNHG�LI�WKH�FOLHQW
LV�D�PHPEHU�RI�WKH�JURXS��RWKHUZLVH��WKH�RWKHU�SHUPLVVLRQV�DUH�FKHFNHG�

7KHUH� LV� D� FRQFHSW�RI�D� VXSHU�XVHU��ZKLFK� LV� WKH� LGHQWLW\�RI� WKH�QDPHQRGH�SURFHVV�
3HUPLVVLRQV�FKHFNV�DUH�QRW�SHUIRUPHG�IRU�WKH�VXSHU�XVHU�

Hadoop Filesystems
+DGRRS�KDV�DQ�DEVWUDFW�QRWLRQ�RI�ILOHV\VWHP��RI�ZKLFK�+')6�LV�MXVW�RQH�LPSOHPHQWD�
WLRQ��7KH�-DYD�DEVWUDFW�FODVV�org.apache.hadoop.fs.FileSystem�UHSUHVHQWV�D�ILOHV\VWHP
LQ�+DGRRS��DQG�WKHUH�DUH�VHYHUDO�FRQFUHWH� LPSOHPHQWDWLRQV��ZKLFK�DUH�GHVFULEHG�LQ
7DEOH�����

7DEOH������+DGRRS�ILOHV\VWHPV

Filesystem URI scheme Java implementation
(all under org.apache.hadoop)

Description

Local file fs.LocalFileSystem A filesystem for a locally connected disk with client-
side checksums. Use RawLocalFileSystem for a
local filesystem with no checksums. See “LocalFileSys-
tem” on page 82.

HDFS hdfs hdfs.
DistributedFileSystem

Hadoop’s distributed filesystem. HDFS is designed to work
efficiently in conjunction with MapReduce.

HFTP hftp hdfs.HftpFileSystem A filesystem providing read-only access to HDFS over
HTTP. (Despite its name, HFTP has no connection with
FTP.) Often used with distcp (see “Parallel Copying with
distcp” on page 75) to copy data between HDFS
clusters running different versions.

HSFTP hsftp hdfs.HsftpFileSystem A filesystem providing read-only access to HDFS over
HTTPS. (Again, this has no connection with FTP.)

WebHDFS webhdfs hdfs.web.WebHdfsFile
System

A filesystem providing secure read-write access to HDFS
over HTTP. WebHDFS is intended as a replacement for
HFTP and HSFTP.

HAR har fs.HarFileSystem A filesystem layered on another filesystem for archiving
files. Hadoop Archives are typically used for archiving files
in HDFS to reduce the namenode’s memory usage. See
“Hadoop Archives” on page 77.

KFS (Cloud-
Store)

kfs fs.kfs.
KosmosFileSystem

CloudStore (formerly Kosmos filesystem) is a dis-
tributed filesystem like HDFS or Google’s GFS, written in
C++. Find more information about it at
http://code.google.com/p/kosmosfs/.

FTP ftp fs.ftp.FTPFileSystem A filesystem backed by an FTP server.

S3 (native) s3n fs.s3native.
NativeS3FileSystem

A filesystem backed by Amazon S3. See http://wiki
.apache.org/hadoop/AmazonS3.
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Filesystem URI scheme Java implementation
(all under org.apache.hadoop)

Description

S3 (block-
based)

s3 fs.s3.S3FileSystem A filesystem backed by Amazon S3, which stores files in
blocks (much like HDFS) to overcome S3’s 5 GB file size
limit.

Distributed
RAID

hdfs hdfs.DistributedRaidFi
leSystem

A “RAID” version of HDFS designed for archival storage.
For each file in HDFS, a (smaller) parity file is created,
which allows the HDFS replication to be reduced from
three to two, which reduces disk usage by 25% to 30%
while keeping the probability of data loss the same. Dis-
tributed RAID requires that you run a RaidNode daemon
on the cluster.

View viewfs viewfs.ViewFileSystem A client-side mount table for other Hadoop filesystems.
Commonly used to create mount points for federated
namenodes (see “HDFS Federation” on page 47).

+DGRRS� SURYLGHV�PDQ\� LQWHUIDFHV� WR� LWV� ILOHV\VWHPV�� DQG� LW� JHQHUDOO\� XVHV� WKH�85,
VFKHPH�WR�SLFN�WKH�FRUUHFW�ILOHV\VWHP�LQVWDQFH�WR�FRPPXQLFDWH�ZLWK��)RU�H[DPSOH��WKH
ILOHV\VWHP�VKHOO�WKDW�ZH�PHW�LQ�WKH�SUHYLRXV�VHFWLRQ�RSHUDWHV�ZLWK�DOO�+DGRRS�ILOHV\V�
WHPV��7R�OLVW�WKH�ILOHV�LQ�WKH�URRW�GLUHFWRU\�RI�WKH�ORFDO�ILOHV\VWHP��W\SH�

% hadoop fs -ls file:///

$OWKRXJK�LW�LV�SRVVLEOH��DQG�VRPHWLPHV�YHU\�FRQYHQLHQW��WR�UXQ�0DS5HGXFH�SURJUDPV
WKDW�DFFHVV�DQ\�RI�WKHVH�ILOHV\VWHPV��ZKHQ�\RX�DUH�SURFHVVLQJ�ODUJH�YROXPHV�RI�GDWD�
\RX�VKRXOG�FKRRVH�D�GLVWULEXWHG�ILOHV\VWHP�WKDW�KDV�WKH�GDWD�ORFDOLW\�RSWLPL]DWLRQ��QR�
WDEO\�+')6��VHH�£6FDOLQJ�2XW¤�RQ�SDJH�����

Interfaces
+DGRRS�LV�ZULWWHQ�LQ�-DYD��DQG�DOO�+DGRRS�ILOHV\VWHP�LQWHUDFWLRQV�DUH�PHGLDWHG�WKURXJK
WKH�-DYD�$3,��7KH�ILOHV\VWHP�VKHOO��IRU�H[DPSOH��LV�D�-DYD�DSSOLFDWLRQ�WKDW�XVHV�WKH�-DYD
FileSystem�FODVV�WR�SURYLGH�ILOHV\VWHP�RSHUDWLRQV��7KH�RWKHU�ILOHV\VWHP�LQWHUIDFHV�DUH
GLVFXVVHG�EULHIO\�LQ�WKLV�VHFWLRQ��7KHVH�LQWHUIDFHV�DUH�PRVW�FRPPRQO\�XVHG�ZLWK�+')6�
VLQFH�WKH�RWKHU�ILOHV\VWHPV�LQ�+DGRRS�W\SLFDOO\�KDYH�H[LVWLQJ�WRROV�WR�DFFHVV�WKH�XQGHU�
O\LQJ�ILOHV\VWHP��)73�FOLHQWV�IRU�)73��6��WRROV�IRU�6���HWF����EXW�PDQ\�RI�WKHP�ZLOO�ZRUN
ZLWK�DQ\�+DGRRS�ILOHV\VWHP�

HTTP
7KHUH�DUH�WZR�ZD\V�RI�DFFHVVLQJ�+')6�RYHU�+773��GLUHFWO\��ZKHUH�WKH�+')6�GDHPRQV
VHUYH�+773�UHTXHVWV�WR�FOLHQWV��DQG�YLD�D�SUR[\��RU�SUR[LHV���ZKLFK�DFFHVVHV�+')6�RQ
WKH�FOLHQW¦V�EHKDOI�XVLQJ�WKH�XVXDO�DistributedFileSystem�$3,��7KH�WZR�ZD\V�DUH�LOOXV�
WUDWHG�LQ�)LJXUH�����
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,Q�WKH�ILUVW�FDVH��GLUHFWRU\�OLVWLQJV�DUH�VHUYHG�E\�WKH�QDPHQRGH¦V�HPEHGGHG�ZHE�VHUYHU
�ZKLFK�UXQV�RQ�SRUW��������IRUPDWWHG�LQ�;0/�RU�-621��ZKHUHDV�ILOH�GDWD�LV�VWUHDPHG
IURP�GDWDQRGHV�E\�WKHLU�ZHE�VHUYHUV��UXQQLQJ�RQ�SRUW��������

7KH�RULJLQDO�GLUHFW�+773�LQWHUIDFH��+)73�DQG�+6)73��ZDV�UHDG�RQO\��EXW�WKH�QHZ
:HE+')6�LPSOHPHQWDWLRQ�VXSSRUWV�DOO�ILOHV\VWHP�RSHUDWLRQV��LQFOXGLQJ�.HUEHURV�DX�
WKHQWLFDWLRQ��:HE+')6�PXVW�EH�HQDEOHG�E\�VHWWLQJ�dfs.webhdfs.enabled�WR�WUXH��ZKLFK
DOORZV�\RX�WR�XVH�ZHEKGIV�85,V�

7KH�VHFRQG�ZD\�RI�DFFHVVLQJ�+')6�RYHU�+773�UHOLHV�RQ�RQH�RU�PRUH�VWDQGDORQH�SUR[\
VHUYHUV���7KH�SUR[LHV�DUH�VWDWHOHVV�VR�WKH\�FDQ�UXQ�EHKLQG�D�VWDQGDUG�ORDG�EDODQFHU���$OO
WUDIILF� WR� WKH� FOXVWHU�SDVVHV� WKURXJK� WKH�SUR[\��7KLV� DOORZV� IRU� VWULFWHU� ILUHZDOO� DQG
EDQGZLGWK�OLPLWLQJ�SROLFLHV�WR�EH�SXW�LQ�SODFH��,W¦V�FRPPRQ�WR�XVH�D�SUR[\�IRU�WUDQVIHUV
EHWZHHQ�+DGRRS�FOXVWHUV�ORFDWHG�LQ�GLIIHUHQW�GDWD�FHQWHUV�

7KH�RULJLQDO�+')6�SUR[\��LQ�VUF�FRQWULE�KGIVSUR[\��ZDV�UHDG�RQO\�DQG�FRXOG�EH�DF�
FHVVHG�E\�FOLHQWV�XVLQJ�WKH�+6)73�FileSystem�LPSOHPHQWDWLRQ��KVIWS�85,V���)URP�UH�
OHDVH��������WKHUH�LV�D�QHZ�SUR[\�FDOOHG�+WWS)6�WKDW�KDV�UHDG�DQG�ZULWH�FDSDELOLWLHV�DQG
H[SRVHV� WKH� VDPH�+773� LQWHUIDFH� DV�:HE+')6�� VR� FOLHQWV� FDQ� DFFHVV� ERWK� XVLQJ
ZHEKGIV�85,V�

7KH�+773�5(67�$3,�WKDW�:HE+')6�H[SRVHV�LV�IRUPDOO\�GHILQHG�LQ�D�VSHFLILFDWLRQ��VR
LW�LV�H[SHFWHG�WKDW�RYHU�WLPH�FOLHQWV�LQ�ODQJXDJHV�RWKHU�WKDQ�-DYD�ZLOO�EH�ZULWWHQ�WKDW�XVH
LW�GLUHFWO\�

)LJXUH������$FFHVVLQJ�+')6�RYHU�+773�GLUHFWO\�DQG�YLD�D�EDQN�RI�+')6�SUR[LHV
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C
+DGRRS�SURYLGHV�D�&�OLEUDU\�FDOOHG�OLEKGIV�WKDW�PLUURUV�WKH�-DYD�FileSystem�LQWHUIDFH
�LW�ZDV�ZULWWHQ�DV�D�&�OLEUDU\�IRU�DFFHVVLQJ�+')6��EXW�GHVSLWH�LWV�QDPH�LW�FDQ�EH�XVHG
WR�DFFHVV�DQ\�+DGRRS�ILOHV\VWHP���,W�ZRUNV�XVLQJ�WKH�-DYD�1DWLYH�,QWHUIDFH��-1,��WR�FDOO
D�-DYD�ILOHV\VWHP�FOLHQW�

7KH�&�$3,�LV�YHU\�VLPLODU�WR�WKH�-DYD�RQH��EXW�LW�W\SLFDOO\�ODJV�WKH�-DYD�RQH��VR�QHZHU
IHDWXUHV�PD\�QRW�EH�VXSSRUWHG��<RX�FDQ�ILQG�WKH�JHQHUDWHG�GRFXPHQWDWLRQ�IRU�WKH�&
$3,�LQ�WKH�OLEKGIV�GRFV�DSL�GLUHFWRU\�RI�WKH�+DGRRS�GLVWULEXWLRQ�

+DGRRS�FRPHV�ZLWK�SUHEXLOW�OLEKGIV�ELQDULHV�IRU����ELW�/LQX[��EXW�IRU�RWKHU�SODWIRUPV�
\RX�ZLOO�QHHG�WR�EXLOG�WKHP�\RXUVHOI�XVLQJ�WKH�LQVWUXFWLRQV�DW�KWWS���ZLNL�DSDFKH�RUJ�
KDGRRS�/LE+')6�

FUSE
)LOHV\VWHP�LQ�8VHUVSDFH��)86(��DOORZV�ILOHV\VWHPV�WKDW�DUH�LPSOHPHQWHG�LQ�XVHU�VSDFH
WR�EH�LQWHJUDWHG�DV�D�8QL[�ILOHV\VWHP��+DGRRS¦V�)XVH�')6�FRQWULE�PRGXOH�DOORZV�DQ\
+DGRRS�ILOHV\VWHP��EXW�W\SLFDOO\�+')6��WR�EH�PRXQWHG�DV�D�VWDQGDUG�ILOHV\VWHP��<RX
FDQ�WKHQ�XVH�8QL[�XWLOLWLHV��VXFK�DV�ls�DQG�cat��WR�LQWHUDFW�ZLWK�WKH�ILOHV\VWHP��DV�ZHOO
DV�326,;�OLEUDULHV�WR�DFFHVV�WKH�ILOHV\VWHP�IURP�DQ\�SURJUDPPLQJ�ODQJXDJH�

)XVH�')6�LV�LPSOHPHQWHG�LQ�&�XVLQJ�OLEKGIV�DV�WKH�LQWHUIDFH�WR�+')6��'RFXPHQWDWLRQ
IRU�FRPSLOLQJ�DQG�UXQQLQJ�)XVH�')6�LV�ORFDWHG�LQ�WKH�VUF�FRQWULE�IXVH�GIV�GLUHFWRU\�RI
WKH�+DGRRS�GLVWULEXWLRQ�

The Java Interface
,Q�WKLV�VHFWLRQ��ZH�GLJ�LQWR�WKH�+DGRRS¦V�FileSystem�FODVV��WKH�$3,�IRU�LQWHUDFWLQJ�ZLWK
RQH�RI�+DGRRS¦V�ILOHV\VWHPV���$OWKRXJK�ZH�IRFXV�PDLQO\�RQ�WKH�+')6�LPSOHPHQWDWLRQ��
DistributedFileSystem�� LQ� JHQHUDO� \RX� VKRXOG� VWULYH� WR�ZULWH� \RXU� FRGH� DJDLQVW� WKH
FileSystem�DEVWUDFW�FODVV��WR�UHWDLQ�SRUWDELOLW\�DFURVV�ILOHV\VWHPV��7KLV�LV�YHU\�XVHIXO
ZKHQ�WHVWLQJ�\RXU�SURJUDP��IRU�H[DPSOH��EHFDXVH�\RX�FDQ�UDSLGO\�UXQ�WHVWV�XVLQJ�GDWD
VWRUHG�RQ�WKH�ORFDO�ILOHV\VWHP�

Reading Data from a Hadoop URL
2QH� RI� WKH� VLPSOHVW� ZD\V� WR� UHDG� D� ILOH� IURP� D� +DGRRS� ILOHV\VWHP� LV� E\� XVLQJ� D�
java.net.URL�REMHFW�WR�RSHQ�D�VWUHDP�WR�UHDG�WKH�GDWD�IURP��7KH�JHQHUDO�LGLRP�LV�

InputStream in = null;
try {

�� ,Q�UHOHDVHV�DIWHU���[��WKHUH�LV�D�QHZ�ILOHV\VWHP�LQWHUIDFH�FDOOHG�FileContext�ZLWK�EHWWHU�KDQGOLQJ�RI�PXOWLSOH
ILOHV\VWHPV��VR�D�VLQJOH�FileContext�FDQ�UHVROYH�PXOWLSOH�ILOHV\VWHP�VFKHPHV��IRU�H[DPSOH��DQG�D�FOHDQHU�
PRUH�FRQVLVWHQW�LQWHUIDFH�
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  in = new URL("hdfs://host/path").openStream();
  // process in
} finally {
  IOUtils.closeStream(in);
}

7KHUH¦V�D� OLWWOH�ELW�PRUH�ZRUN�UHTXLUHG�WR�PDNH�-DYD�UHFRJQL]H�+DGRRS¦V�hdfs�85/
VFKHPH��7KLV� LV�DFKLHYHG�E\�FDOOLQJ�WKH�setURLStreamHandlerFactory�PHWKRG�RQ�URL
ZLWK�DQ�LQVWDQFH�RI�FsUrlStreamHandlerFactory��7KLV�PHWKRG�FDQ�EH�FDOOHG�RQO\�RQFH
SHU�-90��VR�LW�LV�W\SLFDOO\�H[HFXWHG�LQ�D�VWDWLF�EORFN��7KLV�OLPLWDWLRQ�PHDQV�WKDW�LI�VRPH
RWKHU�SDUW�RI�\RXU�SURJUDP¢SHUKDSV�D�WKLUG�SDUW\�FRPSRQHQW�RXWVLGH�\RXU�FRQWURO¢
VHWV�D�URLStreamHandlerFactory��\RX�ZRQ¦W�EH�DEOH�WR�XVH�WKLV�DSSURDFK�IRU�UHDGLQJ�GDWD
IURP�+DGRRS��7KH�QH[W�VHFWLRQ�GLVFXVVHV�DQ�DOWHUQDWLYH�

([DPSOH�����VKRZV�D�SURJUDP�IRU�GLVSOD\LQJ�ILOHV�IURP�+DGRRS�ILOHV\VWHPV�RQ�VWDQGDUG
RXWSXW��OLNH�WKH�8QL[�cat�FRPPDQG�

([DPSOH� ����� 'LVSOD\LQJ� ILOHV� IURP� D� +DGRRS� ILOHV\VWHP� RQ� VWDQGDUG� RXWSXW� XVLQJ� D
85/6WUHDP+DQGOHU

public class URLCat {

  static {
    URL.setURLStreamHandlerFactory(new FsUrlStreamHandlerFactory());
  }
  
  public static void main(String[] args) throws Exception {
    InputStream in = null;
    try {
      in = new URL(args[0]).openStream();
      IOUtils.copyBytes(in, System.out, 4096, false);
    } finally {
      IOUtils.closeStream(in);
    }
  }
}

:H�PDNH�XVH�RI�WKH�KDQG\�IOUtils�FODVV�WKDW�FRPHV�ZLWK�+DGRRS�IRU�FORVLQJ�WKH�VWUHDP
LQ�WKH�finally�FODXVH��DQG�DOVR�IRU�FRS\LQJ�E\WHV�EHWZHHQ�WKH�LQSXW�VWUHDP�DQG�WKH
RXWSXW� VWUHDP� �System.out� LQ� WKLV� FDVH��� 7KH� ODVW� WZR� DUJXPHQWV� WR� WKH� copyBytes
PHWKRG�DUH�WKH�EXIIHU�VL]H�XVHG�IRU�FRS\LQJ�DQG�ZKHWKHU�WR�FORVH�WKH�VWUHDPV�ZKHQ�WKH
FRS\�LV�FRPSOHWH��:H�FORVH�WKH�LQSXW�VWUHDP�RXUVHOYHV��DQG�System.out�GRHVQ¦W�QHHG�WR
EH�FORVHG�
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+HUH¦V�D�VDPSOH�UXQ��

% hadoop URLCat hdfs://localhost/user/tom/quangle.txt
On the top of the Crumpetty Tree
The Quangle Wangle sat,
But his face you could not see,
On account of his Beaver Hat.

Reading Data Using the FileSystem API
$V�WKH�SUHYLRXV�VHFWLRQ�H[SODLQHG��VRPHWLPHV�LW�LV�LPSRVVLEOH�WR�VHW�D�URLStreamHand
lerFactory�IRU�\RXU�DSSOLFDWLRQ��,Q�WKLV�FDVH��\RX�ZLOO�QHHG�WR�XVH�WKH�FileSystem�$3,
WR�RSHQ�DQ�LQSXW�VWUHDP�IRU�D�ILOH�

$� ILOH� LQ� D� +DGRRS� ILOHV\VWHP� LV� UHSUHVHQWHG� E\� D� +DGRRS� Path� REMHFW� �DQG� QRW
D�java.io.File�REMHFW��VLQFH�LWV�VHPDQWLFV�DUH�WRR�FORVHO\�WLHG�WR�WKH�ORFDO�ILOHV\VWHP��
<RX�FDQ�WKLQN�RI�D�Path�DV�D�+DGRRS�ILOHV\VWHP�85,��VXFK�DV�KGIV���ORFDOKRVW�XVHU�WRP�
TXDQJOH�W[W�

FileSystem�LV�D�JHQHUDO�ILOHV\VWHP�$3,��VR�WKH�ILUVW�VWHS�LV�WR�UHWULHYH�DQ�LQVWDQFH�IRU�WKH
ILOHV\VWHP�ZH�ZDQW�WR�XVH¢+')6�LQ�WKLV�FDVH��7KHUH�DUH�VHYHUDO�VWDWLF�IDFWRU\�PHWKRGV
IRU�JHWWLQJ�D�FileSystem�LQVWDQFH�

public static FileSystem get(Configuration conf) throws IOException
public static FileSystem get(URI uri, Configuration conf) throws IOException
public static FileSystem get(URI uri, Configuration conf, String user)
  throws IOException

$�Configuration�REMHFW�HQFDSVXODWHV�D�FOLHQW�RU�VHUYHU¦V�FRQILJXUDWLRQ��ZKLFK�LV�VHW�XVLQJ
FRQILJXUDWLRQ�ILOHV�UHDG�IURP�WKH�FODVVSDWK��VXFK�DV�FRQI�FRUH�VLWH�[PO��7KH�ILUVW�PHWKRG
UHWXUQV�WKH�GHIDXOW�ILOHV\VWHP��DV�VSHFLILHG�LQ�WKH�ILOH�FRQI�FRUH�VLWH�[PO��RU�WKH�GHIDXOW
ORFDO� ILOHV\VWHP�LI�QRW�VSHFLILHG�WKHUH���7KH�VHFRQG�XVHV� WKH�JLYHQ�URI¦V�VFKHPH�DQG
DXWKRULW\�WR�GHWHUPLQH�WKH�ILOHV\VWHP�WR�XVH��IDOOLQJ�EDFN�WR�WKH�GHIDXOW�ILOHV\VWHP�LI�QR
VFKHPH�LV�VSHFLILHG�LQ�WKH�JLYHQ�URI��7KH�WKLUG�UHWULHYHV�WKH�ILOHV\VWHP�DV�WKH�JLYHQ�XVHU�
ZKLFK�LV�LPSRUWDQW�LQ�WKH�FRQWH[W�RI�VHFXULW\��VHH�£6HFXULW\¤�RQ�SDJH������

,Q�VRPH�FDVHV��\RX�PD\�ZDQW�WR�UHWULHYH�D�ORFDO�ILOHV\VWHP�LQVWDQFH��LQ�ZKLFK�FDVH�\RX
FDQ�XVH�WKH�FRQYHQLHQFH�PHWKRG��getLocal()�

public static LocalFileSystem getLocal(Configuration conf) throws IOException

:LWK�D�FileSystem�LQVWDQFH�LQ�KDQG��ZH�LQYRNH�DQ�open()�PHWKRG�WR�JHW�WKH�LQSXW�VWUHDP
IRU�D�ILOH�

public FSDataInputStream open(Path f) throws IOException
public abstract FSDataInputStream open(Path f, int bufferSize) throws IOException

7KH�ILUVW�PHWKRG�XVHV�D�GHIDXOW�EXIIHU�VL]H�RI���.%�

3XWWLQJ�WKLV�WRJHWKHU��ZH�FDQ�UHZULWH�([DPSOH�����DV�VKRZQ�LQ�([DPSOH�����

�� 7KH�WH[W�LV�IURP�7KH�4XDQJOH�:DQJOH¦V�+DW�E\�(GZDUG�/HDU�
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([DPSOH������'LVSOD\LQJ�ILOHV�IURP�D�+DGRRS�ILOHV\VWHP�RQ�VWDQGDUG�RXWSXW�E\�XVLQJ�WKH�)LOH6\VWHP
GLUHFWO\

public class FileSystemCat {

  public static void main(String[] args) throws Exception {
    String uri = args[0];
    Configuration conf = new Configuration();
    FileSystem fs = FileSystem.get(URI.create(uri), conf);
    InputStream in = null;
    try {
      in = fs.open(new Path(uri));
      IOUtils.copyBytes(in, System.out, 4096, false);
    } finally {
      IOUtils.closeStream(in);
    }
  }
}

7KH�SURJUDP�UXQV�DV�IROORZV�

% hadoop FileSystemCat hdfs://localhost/user/tom/quangle.txt
On the top of the Crumpetty Tree
The Quangle Wangle sat,
But his face you could not see,
On account of his Beaver Hat.

FSDataInputStream
7KH�open()�PHWKRG�RQ�FileSystem�DFWXDOO\�UHWXUQV�D�FSDataInputStream�UDWKHU�WKDQ�D
VWDQGDUG�java.io�FODVV��7KLV�FODVV�LV�D�VSHFLDOL]DWLRQ�RI�java.io.DataInputStream�ZLWK
VXSSRUW�IRU�UDQGRP�DFFHVV��VR�\RX�FDQ�UHDG�IURP�DQ\�SDUW�RI�WKH�VWUHDP�

package org.apache.hadoop.fs;

public class FSDataInputStream extends DataInputStream
    implements Seekable, PositionedReadable {
  // implementation elided
}

7KH�Seekable�LQWHUIDFH�SHUPLWV�VHHNLQJ�WR�D�SRVLWLRQ�LQ�WKH�ILOH�DQG�D�TXHU\�PHWKRG�IRU
WKH�FXUUHQW�RIIVHW�IURP�WKH�VWDUW�RI�WKH�ILOH��getPos()��

public interface Seekable {
  void seek(long pos) throws IOException;
  long getPos() throws IOException;
}

&DOOLQJ�seek()�ZLWK�D�SRVLWLRQ�WKDW�LV�JUHDWHU�WKDQ�WKH�OHQJWK�RI�WKH�ILOH�ZLOO�UHVXOW�LQ�DQ�
IOException��8QOLNH�WKH�skip()�PHWKRG�RI�java.io.InputStream��ZKLFK�SRVLWLRQV�WKH
VWUHDP�DW�D�SRLQW�ODWHU�WKDQ�WKH�FXUUHQW�SRVLWLRQ��seek()�FDQ�PRYH�WR�DQ�DUELWUDU\��DE�
VROXWH�SRVLWLRQ�LQ�WKH�ILOH�
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([DPSOH�����LV�D�VLPSOH�H[WHQVLRQ�RI�([DPSOH�����WKDW�ZULWHV�D�ILOH�WR�VWDQGDUG�RXW
WZLFH��DIWHU�ZULWLQJ�LW�RQFH��LW�VHHNV�WR�WKH�VWDUW�RI�WKH�ILOH�DQG�VWUHDPV�WKURXJK�LW�RQFH
DJDLQ�

([DPSOH������'LVSOD\LQJ�ILOHV�IURP�D�+DGRRS�ILOHV\VWHP�RQ�VWDQGDUG�RXWSXW�WZLFH��E\�XVLQJ�VHHN

public class FileSystemDoubleCat {

  public static void main(String[] args) throws Exception {
    String uri = args[0];
    Configuration conf = new Configuration();
    FileSystem fs = FileSystem.get(URI.create(uri), conf);
    FSDataInputStream in = null;
    try {
      in = fs.open(new Path(uri));
      IOUtils.copyBytes(in, System.out, 4096, false);
      in.seek(0); // go back to the start of the file
      IOUtils.copyBytes(in, System.out, 4096, false);
    } finally {
      IOUtils.closeStream(in);
    }
  }
}

+HUH¦V�WKH�UHVXOW�RI�UXQQLQJ�LW�RQ�D�VPDOO�ILOH�

% hadoop FileSystemDoubleCat hdfs://localhost/user/tom/quangle.txt
On the top of the Crumpetty Tree
The Quangle Wangle sat,
But his face you could not see,
On account of his Beaver Hat.
On the top of the Crumpetty Tree
The Quangle Wangle sat,
But his face you could not see,
On account of his Beaver Hat.

FSDataInputStream�DOVR�LPSOHPHQWV�WKH�PositionedReadable�LQWHUIDFH�IRU�UHDGLQJ�SDUWV
RI�D�ILOH�DW�D�JLYHQ�RIIVHW�

public interface PositionedReadable {

  public int read(long position, byte[] buffer, int offset, int length)
    throws IOException;
  
  public void readFully(long position, byte[] buffer, int offset, int length)
    throws IOException;
  
  public void readFully(long position, byte[] buffer) throws IOException;
}

7KH�read()�PHWKRG�UHDGV�XS�WR�length�E\WHV�IURP�WKH�JLYHQ�position�LQ�WKH�ILOH�LQWR�WKH
buffer�DW�WKH�JLYHQ�offset�LQ�WKH�EXIIHU��7KH�UHWXUQ�YDOXH�LV�WKH�QXPEHU�RI�E\WHV�DFWXDOO\
UHDG��FDOOHUV�VKRXOG�FKHFN�WKLV�YDOXH��DV�LW�PD\�EH�OHVV�WKDQ�length��7KH�readFully()
PHWKRGV�ZLOO�UHDG�length�E\WHV�LQWR�WKH�EXIIHU��RU�buffer.length�E\WHV�IRU�WKH�YHUVLRQ
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WKDW�MXVW�WDNHV�D�E\WH�DUUD\�buffer���XQOHVV�WKH�HQG�RI�WKH�ILOH�LV�UHDFKHG��LQ�ZKLFK�FDVH
DQ�EOFException�LV�WKURZQ�

$OO�RI�WKHVH�PHWKRGV�SUHVHUYH�WKH�FXUUHQW�RIIVHW�LQ�WKH�ILOH�DQG�DUH�WKUHDG�VDIH��DOWKRXJK
FSDataInputStream�LV�QRW�GHVLJQHG�IRU�FRQFXUUHQW�DFFHVV��WKHUHIRUH��LW¦V�EHWWHU�WR�FUHDWH
PXOWLSOH�LQVWDQFHV���VR�WKH\�SURYLGH�D�FRQYHQLHQW�ZD\�WR�DFFHVV�DQRWKHU�SDUW�RI�WKH�ILOH
¢PHWDGDWD�SHUKDSV¢ZKLOH�UHDGLQJ�WKH�PDLQ�ERG\�RI�WKH�ILOH�

)LQDOO\��EHDU�LQ�PLQG�WKDW�FDOOLQJ�seek()�LV�D�UHODWLYHO\�H[SHQVLYH�RSHUDWLRQ�DQG�VKRXOG
EH�XVHG�VSDULQJO\��<RX�VKRXOG�VWUXFWXUH�\RXU�DSSOLFDWLRQ�DFFHVV�SDWWHUQV�WR�UHO\�RQ
VWUHDPLQJ�GDWD� �E\�XVLQJ�0DS5HGXFH�� IRU� H[DPSOH�� UDWKHU� WKDQ�SHUIRUPLQJ� D� ODUJH
QXPEHU�RI�VHHNV�

Writing Data
7KH�FileSystem�FODVV�KDV�D�QXPEHU�RI�PHWKRGV�IRU�FUHDWLQJ�D�ILOH��7KH�VLPSOHVW�LV�WKH
PHWKRG�WKDW�WDNHV�D�Path�REMHFW�IRU�WKH�ILOH�WR�EH�FUHDWHG�DQG�UHWXUQV�DQ�RXWSXW�VWUHDP
WR�ZULWH�WR�

public FSDataOutputStream create(Path f) throws IOException

7KHUH�DUH�RYHUORDGHG�YHUVLRQV�RI� WKLV�PHWKRG� WKDW�DOORZ�\RX� WR� VSHFLI\�ZKHWKHU� WR
IRUFLEO\�RYHUZULWH�H[LVWLQJ�ILOHV��WKH�UHSOLFDWLRQ�IDFWRU�RI�WKH�ILOH��WKH�EXIIHU�VL]H�WR�XVH
ZKHQ�ZULWLQJ�WKH�ILOH��WKH�EORFN�VL]H�IRU�WKH�ILOH��DQG�ILOH�SHUPLVVLRQV�

7KH�create()�PHWKRGV� FUHDWH� DQ\�SDUHQW�GLUHFWRULHV�RI� WKH� ILOH� WR�EH
ZULWWHQ�WKDW�GRQ¦W�DOUHDG\�H[LVW��7KRXJK�FRQYHQLHQW��WKLV�EHKDYLRU�PD\
EH�XQH[SHFWHG��,I�\RX�ZDQW�WKH�ZULWH�WR�IDLO�ZKHQ�WKH�SDUHQW�GLUHFWRU\
GRHVQ¦W�H[LVW��\RX�VKRXOG�FKHFN�IRU�WKH�H[LVWHQFH�RI�WKH�SDUHQW�GLUHFWRU\
ILUVW�E\�FDOOLQJ�WKH�exists()�PHWKRG�

7KHUH¦V�DOVR�DQ�RYHUORDGHG�PHWKRG�IRU�SDVVLQJ�D�FDOOEDFN�LQWHUIDFH��Progressable��VR
\RXU� DSSOLFDWLRQ� FDQ� EH� QRWLILHG� RI� WKH� SURJUHVV� RI� WKH� GDWD� EHLQJ� ZULWWHQ� WR� WKH
GDWDQRGHV�

package org.apache.hadoop.util;

public interface Progressable {
  public void progress();
}

$V�DQ�DOWHUQDWLYH�WR�FUHDWLQJ�D�QHZ�ILOH��\RX�FDQ�DSSHQG�WR�DQ�H[LVWLQJ�ILOH�XVLQJ�WKH�
append()�PHWKRG��WKHUH�DUH�DOVR�VRPH�RWKHU�RYHUORDGHG�YHUVLRQV��

public FSDataOutputStream append(Path f) throws IOException

7KH�DSSHQG�RSHUDWLRQ�DOORZV�D�VLQJOH�ZULWHU�WR�PRGLI\�DQ�DOUHDG\�ZULWWHQ�ILOH�E\�RSHQLQJ
LW�DQG�ZULWLQJ�GDWD�IURP�WKH�ILQDO�RIIVHW� LQ�WKH�ILOH��:LWK�WKLV�$3,��DSSOLFDWLRQV�WKDW
SURGXFH�XQERXQGHG� ILOHV�� VXFK�DV� ORJILOHV�� FDQ�ZULWH� WR�DQ�H[LVWLQJ� ILOH�DIWHU�KDYLQJ
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FORVHG�LW��7KH�DSSHQG�RSHUDWLRQ�LV�RSWLRQDO�DQG�QRW�LPSOHPHQWHG�E\�DOO�+DGRRS�ILOH�
V\VWHPV��)RU�H[DPSOH��+')6�VXSSRUWV�DSSHQG���EXW�6��ILOHV\VWHPV�GRQ¦W�

([DPSOH�����VKRZV�KRZ�WR�FRS\�D�ORFDO�ILOH�WR�D�+DGRRS�ILOHV\VWHP��:H�LOOXVWUDWH�SUR�
JUHVV�E\�SULQWLQJ�D�SHULRG�HYHU\�WLPH�WKH�progress()�PHWKRG�LV�FDOOHG�E\�+DGRRS��ZKLFK
LV�DIWHU�HDFK����.%�SDFNHW�RI�GDWD�LV�ZULWWHQ�WR�WKH�GDWDQRGH�SLSHOLQH���1RWH�WKDW�WKLV
SDUWLFXODU�EHKDYLRU�LV�QRW�VSHFLILHG�E\�WKH�$3,��VR�LW�LV�VXEMHFW�WR�FKDQJH�LQ�ODWHU�YHUVLRQV
RI�+DGRRS��7KH�$3,�PHUHO\�DOORZV�\RX�WR�LQIHU�WKDW�£VRPHWKLQJ�LV�KDSSHQLQJ�¤

([DPSOH������&RS\LQJ�D�ORFDO�ILOH�WR�D�+DGRRS�ILOHV\VWHP

public class FileCopyWithProgress {
  public static void main(String[] args) throws Exception {
    String localSrc = args[0];
    String dst = args[1];
    
    InputStream in = new BufferedInputStream(new FileInputStream(localSrc));
    
    Configuration conf = new Configuration();
    FileSystem fs = FileSystem.get(URI.create(dst), conf);
    OutputStream out = fs.create(new Path(dst), new Progressable() {
      public void progress() {
        System.out.print(".");
      }
    });
    
    IOUtils.copyBytes(in, out, 4096, true);
  }
}

7\SLFDO�XVDJH�

% hadoop FileCopyWithProgress input/docs/1400-8.txt hdfs://localhost/user/tom/
      1400-8.txt
...............

&XUUHQWO\��QRQH�RI�WKH�RWKHU�+DGRRS�ILOHV\VWHPV�FDOO�progress()�GXULQJ�ZULWHV��3URJUHVV
LV�LPSRUWDQW�LQ�0DS5HGXFH�DSSOLFDWLRQV��DV�\RX�ZLOO�VHH�LQ�ODWHU�FKDSWHUV�

FSDataOutputStream
7KH� create()� PHWKRG� RQ� FileSystem� UHWXUQV� DQ� FSDataOutputStream�� ZKLFK�� OLNH
FSDataInputStream��KDV�D�PHWKRG�IRU�TXHU\LQJ�WKH�FXUUHQW�SRVLWLRQ�LQ�WKH�ILOH�

package org.apache.hadoop.fs;

public class FSDataOutputStream extends DataOutputStream implements Syncable {

  public long getPos() throws IOException {

�� 7KHUH�KDYH�EHHQ�UHOLDELOLW\�SUREOHPV�ZLWK�WKH�DSSHQG�LPSOHPHQWDWLRQ�LQ�+DGRRS���[��VR�LW�LV�JHQHUDOO\
UHFRPPHQGHG� WR� XVH� DSSHQG� RQO\� LQ� WKH� UHOHDVHV� DIWHU� ��[�� ZKLFK� FRQWDLQ� D� QHZ�� UHZULWWHQ
LPSOHPHQWDWLRQ�
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    // implementation elided
  }
  
  // implementation elided

}

+RZHYHU��XQOLNH�FSDataInputStream��FSDataOutputStream�GRHV�QRW�SHUPLW�VHHNLQJ��7KLV
LV�EHFDXVH�+')6�DOORZV�RQO\�VHTXHQWLDO�ZULWHV�WR�DQ�RSHQ�ILOH�RU�DSSHQGV�WR�DQ�DOUHDG\
ZULWWHQ�ILOH��,Q�RWKHU�ZRUGV��WKHUH�LV�QR�VXSSRUW�IRU�ZULWLQJ�WR�DQ\ZKHUH�RWKHU�WKDQ�WKH
HQG�RI�WKH�ILOH��VR�WKHUH�LV�QR�YDOXH�LQ�EHLQJ�DEOH�WR�VHHN�ZKLOH�ZULWLQJ�

Directories
FileSystem�SURYLGHV�D�PHWKRG�WR�FUHDWH�D�GLUHFWRU\�

public boolean mkdirs(Path f) throws IOException

7KLV�PHWKRG�FUHDWHV�DOO�RI�WKH�QHFHVVDU\�SDUHQW�GLUHFWRULHV�LI�WKH\�GRQ¦W�DOUHDG\�H[LVW�
MXVW�OLNH�WKH�java.io.File¦V�mkdirs()�PHWKRG��,W�UHWXUQV�true�LI�WKH�GLUHFWRU\��DQG�DOO
SDUHQW�GLUHFWRULHV��ZDV��ZHUH��VXFFHVVIXOO\�FUHDWHG�

2IWHQ��\RX�GRQ¦W�QHHG�WR�H[SOLFLWO\�FUHDWH�D�GLUHFWRU\��EHFDXVH�ZULWLQJ�D�ILOH�E\�FDOOLQJ�
create()�ZLOO�DXWRPDWLFDOO\�FUHDWH�DQ\�SDUHQW�GLUHFWRULHV�

Querying the Filesystem

File metadata: FileStatus
$Q�LPSRUWDQW�IHDWXUH�RI�DQ\�ILOHV\VWHP�LV�WKH�DELOLW\�WR�QDYLJDWH�LWV�GLUHFWRU\�VWUXFWXUH
DQG�UHWULHYH�LQIRUPDWLRQ�DERXW�WKH�ILOHV�DQG�GLUHFWRULHV�WKDW�LW�VWRUHV��7KH�FileStatus
FODVV�HQFDSVXODWHV�ILOHV\VWHP�PHWDGDWD�IRU�ILOHV�DQG�GLUHFWRULHV��LQFOXGLQJ�ILOH�OHQJWK�
EORFN�VL]H��UHSOLFDWLRQ��PRGLILFDWLRQ�WLPH��RZQHUVKLS��DQG�SHUPLVVLRQ�LQIRUPDWLRQ�

7KH�PHWKRG�getFileStatus()�RQ�FileSystem�SURYLGHV�D�ZD\�RI�JHWWLQJ�D�FileStatus
REMHFW�IRU�D�VLQJOH�ILOH�RU�GLUHFWRU\��([DPSOH�����VKRZV�DQ�H[DPSOH�RI�LWV�XVH�

([DPSOH������'HPRQVWUDWLQJ�ILOH�VWDWXV�LQIRUPDWLRQ

public class ShowFileStatusTest {
  
  private MiniDFSCluster cluster; // use an in-process HDFS cluster for testing
  private FileSystem fs;

  @Before
  public void setUp() throws IOException {
    Configuration conf = new Configuration();
    if (System.getProperty("test.build.data") == null) {
      System.setProperty("test.build.data", "/tmp");
    }
    cluster = new MiniDFSCluster(conf, 1, true, null);
    fs = cluster.getFileSystem();
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    OutputStream out = fs.create(new Path("/dir/file"));
    out.write("content".getBytes("UTF-8"));
    out.close();
  }
  
  @After
  public void tearDown() throws IOException {
    if (fs != null) { fs.close(); }
    if (cluster != null) { cluster.shutdown(); }
  }
  
  @Test(expected = FileNotFoundException.class)
  public void throwsFileNotFoundForNonExistentFile() throws IOException {
    fs.getFileStatus(new Path("no-such-file"));
  }
  
  @Test
  public void fileStatusForFile() throws IOException {
    Path file = new Path("/dir/file");
    FileStatus stat = fs.getFileStatus(file);
    assertThat(stat.getPath().toUri().getPath(), is("/dir/file"));
    assertThat(stat.isDir(), is(false));
    assertThat(stat.getLen(), is(7L));
    assertThat(stat.getModificationTime(),
        is(lessThanOrEqualTo(System.currentTimeMillis())));
    assertThat(stat.getReplication(), is((short) 1));
    assertThat(stat.getBlockSize(), is(64 * 1024 * 1024L));
    assertThat(stat.getOwner(), is("tom"));
    assertThat(stat.getGroup(), is("supergroup"));
    assertThat(stat.getPermission().toString(), is("rw-r--r--"));
  }
  
  @Test
  public void fileStatusForDirectory() throws IOException {
    Path dir = new Path("/dir");
    FileStatus stat = fs.getFileStatus(dir);
    assertThat(stat.getPath().toUri().getPath(), is("/dir"));
    assertThat(stat.isDir(), is(true));
    assertThat(stat.getLen(), is(0L));
    assertThat(stat.getModificationTime(),
        is(lessThanOrEqualTo(System.currentTimeMillis())));
    assertThat(stat.getReplication(), is((short) 0));
    assertThat(stat.getBlockSize(), is(0L));
    assertThat(stat.getOwner(), is("tom"));
    assertThat(stat.getGroup(), is("supergroup"));
    assertThat(stat.getPermission().toString(), is("rwxr-xr-x"));
  }
  
}

,I�QR�ILOH�RU�GLUHFWRU\�H[LVWV��D�FileNotFoundException�LV�WKURZQ��+RZHYHU��LI�\RX�DUH
LQWHUHVWHG�RQO\�LQ�WKH�H[LVWHQFH�RI�D�ILOH�RU�GLUHFWRU\��WKH�exists()�PHWKRG�RQ�FileSys
tem�LV�PRUH�FRQYHQLHQW�

public boolean exists(Path f) throws IOException
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Listing files
)LQGLQJ�LQIRUPDWLRQ�RQ�D�VLQJOH�ILOH�RU�GLUHFWRU\�LV�XVHIXO��EXW�\RX�DOVR�RIWHQ�QHHG�WR�EH
DEOH�WR�OLVW�WKH�FRQWHQWV�RI�D�GLUHFWRU\��7KDW¦V�ZKDW�FileSystem¦V�listStatus()�PHWKRGV
DUH�IRU�

public FileStatus[] listStatus(Path f) throws IOException
public FileStatus[] listStatus(Path f, PathFilter filter) throws IOException
public FileStatus[] listStatus(Path[] files) throws IOException
public FileStatus[] listStatus(Path[] files, PathFilter filter) throws IOException

:KHQ�WKH�DUJXPHQW�LV�D�ILOH��WKH�VLPSOHVW�YDULDQW�UHWXUQV�DQ�DUUD\�RI�FileStatus�REMHFWV
RI�OHQJWK����:KHQ�WKH�DUJXPHQW�LV�D�GLUHFWRU\��LW�UHWXUQV�]HUR�RU�PRUH�FileStatus�REMHFWV
UHSUHVHQWLQJ�WKH�ILOHV�DQG�GLUHFWRULHV�FRQWDLQHG�LQ�WKH�GLUHFWRU\�

2YHUORDGHG�YDULDQWV�DOORZ�D�PathFilter�WR�EH�VXSSOLHG�WR�UHVWULFW�WKH�ILOHV�DQG�GLUHFWRULHV
WR�PDWFK�� <RX�ZLOO� VHH� DQ� H[DPSOH� RI� WKLV� LQ� WKH� VHFWLRQ� £3DWK)LOWHU¤� RQ� SDJH� ���
)LQDOO\��LI�\RX�VSHFLI\�DQ�DUUD\�RI�SDWKV��WKH�UHVXOW�LV�D�VKRUWFXW�IRU�FDOOLQJ�WKH�HTXLYDOHQW
VLQJOH�SDWK�listStatus�PHWKRG� IRU�HDFK�SDWK� LQ� WXUQ�DQG�DFFXPXODWLQJ� WKH�FileSta
tus�REMHFW�DUUD\V�LQ�D�VLQJOH�DUUD\��7KLV�FDQ�EH�XVHIXO�IRU�EXLOGLQJ�XS�OLVWV�RI�LQSXW�ILOHV
WR�SURFHVV�IURP�GLVWLQFW�SDUWV�RI�WKH�ILOHV\VWHP�WUHH��([DPSOH�����LV�D�VLPSOH�GHPRQ�
VWUDWLRQ�RI�WKLV�LGHD��1RWH�WKH�XVH�RI�stat2Paths()�LQ�FileUtil�IRU�WXUQLQJ�DQ�DUUD\�RI�
FileStatus�REMHFWV�WR�DQ�DUUD\�RI�Path�REMHFWV�

([DPSOH������6KRZLQJ�WKH�ILOH�VWDWXVHV�IRU�D�FROOHFWLRQ�RI�SDWKV�LQ�D�+DGRRS�ILOHV\VWHP

public class ListStatus {

  public static void main(String[] args) throws Exception {
    String uri = args[0];
    Configuration conf = new Configuration();
    FileSystem fs = FileSystem.get(URI.create(uri), conf);
    
    Path[] paths = new Path[args.length];
    for (int i = 0; i < paths.length; i++) {
      paths[i] = new Path(args[i]);
    }
    
    FileStatus[] status = fs.listStatus(paths);
    Path[] listedPaths = FileUtil.stat2Paths(status);
    for (Path p : listedPaths) {
      System.out.println(p);
    }
  }
}

:H�FDQ�XVH�WKLV�SURJUDP�WR�ILQG�WKH�XQLRQ�RI�GLUHFWRU\�OLVWLQJV�IRU�D�FROOHFWLRQ�RI�SDWKV�

% hadoop ListStatus hdfs://localhost/ hdfs://localhost/user/tom
hdfs://localhost/user
hdfs://localhost/user/tom/books
hdfs://localhost/user/tom/quangle.txt
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File patterns
,W�LV�D�FRPPRQ�UHTXLUHPHQW�WR�SURFHVV�VHWV�RI�ILOHV�LQ�D�VLQJOH�RSHUDWLRQ��)RU�H[DPSOH�
D�0DS5HGXFH�MRE�IRU�ORJ�SURFHVVLQJ�PLJKW�DQDO\]H�D�PRQWK¦V�ZRUWK�RI�ILOHV�FRQWDLQHG
LQ�D�QXPEHU�RI�GLUHFWRULHV��5DWKHU�WKDQ�KDYLQJ�WR�HQXPHUDWH�HDFK�ILOH�DQG�GLUHFWRU\�WR
VSHFLI\�WKH�LQSXW��LW�LV�FRQYHQLHQW�WR�XVH�ZLOGFDUG�FKDUDFWHUV�WR�PDWFK�PXOWLSOH�ILOHV
ZLWK�D�VLQJOH�H[SUHVVLRQ��DQ�RSHUDWLRQ�WKDW�LV�NQRZQ�DV�JOREELQJ��+DGRRS�SURYLGHV�WZR
FileSystem�PHWKRG�IRU�SURFHVVLQJ�JOREV�

public FileStatus[] globStatus(Path pathPattern) throws IOException
public FileStatus[] globStatus(Path pathPattern, PathFilter filter) throws 
  IOException

7KH�globStatus()�PHWKRG�UHWXUQV�DQ�DUUD\�RI�FileStatus�REMHFWV�ZKRVH�SDWKV�PDWFK
WKH�VXSSOLHG�SDWWHUQ��VRUWHG�E\�SDWK��$Q�RSWLRQDO�PathFilter�FDQ�EH�VSHFLILHG�WR�UHVWULFW
WKH�PDWFKHV�IXUWKHU�

+DGRRS�VXSSRUWV�WKH�VDPH�VHW�RI�JORE�FKDUDFWHUV�DV�8QL[�EDVK��VHH�7DEOH������

7DEOH������*ORE�FKDUDFWHUV�DQG�WKHLU�PHDQLQJV

Glob Name Matches

* asterisk Matches zero or more characters

? question mark Matches a single character

[ab] character class Matches a single character in the set {a, b}

[^ab] negated character class Matches a single character that is not in the set {a, b}

[a-b] character range Matches a single character in the (closed) range [a, b], where a is lexicographically
less than or equal to b

[^a-b] negated character range Matches a single character that is not in the (closed) range [a, b], where a is
lexicographically less than or equal to b

{a,b} alternation Matches either expression a or b

\c escaped character Matches character c when it is a metacharacter

,PDJLQH� WKDW� ORJILOHV� DUH� VWRUHG� LQ� D� GLUHFWRU\� VWUXFWXUH� RUJDQL]HG�KLHUDUFKLFDOO\� E\
GDWH�� 6R�� IRU� H[DPSOH�� ORJILOHV� IRU� WKH� ODVW� GD\� RI� ����� ZRXOG� JR� LQ� D� GLUHFWRU\
QDPHG��������������6XSSRVH�WKDW�WKH�IXOO�ILOH�OLVWLQJ�LV�

����������/
Ōņņ�2007/
Ň   Ŋņņ�12/
Ň       Ōņņ�30/
Ň       Ŋņņ�31/
Ŋņņ�2008/
    Ŋņņ�01/
        Ōņņ�01/
        Ŋņņ�02/
��������
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+HUH�DUH�VRPH�ILOH�JOREV�DQG�WKHLU�H[SDQVLRQV�

Glob Expansion

/* /2007  /2008

/*/* /2007/12  /2008/01

/*/12/* /2007/12/30  /2007/12/31

/200? /2007 /2008

/200[78] /2007 /2008

/200[7-8] /2007 /2008

/200[^01234569] /2007  /2008

/*/*/{31,01} /2007/12/31 /2008/01/01

/*/*/3{0,1} /2007/12/30 /2007/12/31

/*/{12/31,01/01} /2007/12/31  /2008/01/01

PathFilter
*ORE�SDWWHUQV�DUH�QRW�DOZD\V�SRZHUIXO�HQRXJK�WR�GHVFULEH�D�VHW�RI�ILOHV�\RX�ZDQW�WR
DFFHVV��)RU�H[DPSOH��LW�LV�QRW�JHQHUDOO\�SRVVLEOH�WR�H[FOXGH�D�SDUWLFXODU�ILOH�XVLQJ�D�JORE
SDWWHUQ��7KH�listStatus()�DQG�globStatus()�PHWKRGV�RI�FileSystem�WDNH�DQ�RSWLRQDO�
PathFilter��ZKLFK�DOORZV�SURJUDPPDWLF�FRQWURO�RYHU�PDWFKLQJ�

package org.apache.hadoop.fs;

public interface PathFilter {
  boolean accept(Path path);
}

PathFilter�LV�WKH�HTXLYDOHQW�RI�java.io.FileFilter�IRU�Path�REMHFWV�UDWKHU�WKDQ�File
REMHFWV�

([DPSOH�����VKRZV�D�PathFilter�IRU�H[FOXGLQJ�SDWKV�WKDW�PDWFK�D�UHJXODU�H[SUHVVLRQ�

([DPSOH������$�3DWK)LOWHU�IRU�H[FOXGLQJ�SDWKV�WKDW�PDWFK�D�UHJXODU�H[SUHVVLRQ

public class RegexExcludePathFilter implements PathFilter {
  
  private final String regex;

  public RegexExcludePathFilter(String regex) {
    this.regex = regex;
  }

  public boolean accept(Path path) {
    return !path.toString().matches(regex);
  }
}
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7KH�ILOWHU�SDVVHV�RQO\�WKRVH�ILOHV�WKDW�GRQ¦W�PDWFK�WKH�UHJXODU�H[SUHVVLRQ��$IWHU�WKH�JORE
SLFNV�RXW�DQ�LQLWLDO�VHW�RI� ILOHV�WR� LQFOXGH��WKH�ILOWHU� LV�XVHG�WR�UHILQH�WKH�UHVXOWV��)RU
H[DPSOH�

fs.globStatus(new Path("/2007/*/*"), new RegexExcludeFilter("^.*/2007/12/31$"))

ZLOO�H[SDQG�WR�������������

)LOWHUV�FDQ�DFW�RQO\�RQ�D�ILOH¦V�QDPH��DV�UHSUHVHQWHG�E\�D�Path��7KH\�FDQ¦W�XVH�D�ILOH¦V
SURSHUWLHV��VXFK�DV�FUHDWLRQ�WLPH��DV�WKH�EDVLV�RI�WKH�ILOWHU��1HYHUWKHOHVV��WKH\�FDQ�SHU�
IRUP�PDWFKLQJ�WKDW�QHLWKHU�JORE�SDWWHUQV�QRU�UHJXODU�H[SUHVVLRQV�FDQ�DFKLHYH��)RU�H[�
DPSOH�� LI�\RX�VWRUH� ILOHV� LQ�D�GLUHFWRU\�VWUXFWXUH� WKDW� LV� ODLG�RXW�E\�GDWH� �OLNH� LQ� WKH
SUHYLRXV�VHFWLRQ���\RX�FDQ�ZULWH�D�PathFilter�WR�SLFN�RXW�ILOHV�WKDW�IDOO�LQ�D�JLYHQ�GDWH
UDQJH�

Deleting Data
8VH�WKH�delete()�PHWKRG�RQ�FileSystem�WR�SHUPDQHQWO\�UHPRYH�ILOHV�RU�GLUHFWRULHV�

public boolean delete(Path f, boolean recursive) throws IOException

,I�f�LV�D�ILOH�RU�DQ�HPSW\�GLUHFWRU\��WKH�YDOXH�RI�recursive�LV�LJQRUHG��$�QRQHPSW\�GL�
UHFWRU\� LV�GHOHWHG��DORQJ�ZLWK� LWV� FRQWHQWV��RQO\� LI�recursive� LV�true� �RWKHUZLVH��DQ�
IOException�LV�WKURZQ��

Data Flow

Anatomy of a File Read
7R�JHW�DQ�LGHD�RI�KRZ�GDWD�IORZV�EHWZHHQ�WKH�FOLHQW�LQWHUDFWLQJ�ZLWK�+')6��WKH�QDPH�
QRGH��DQG�WKH�GDWDQRGHV��FRQVLGHU�)LJXUH������ZKLFK�VKRZV�WKH�PDLQ�VHTXHQFH�RI�HYHQWV
ZKHQ�UHDGLQJ�D�ILOH�

7KH�FOLHQW�RSHQV�WKH�ILOH�LW�ZLVKHV�WR�UHDG�E\�FDOOLQJ�open()�RQ�WKH�FileSystem�REMHFW�
ZKLFK� IRU� +')6� LV� DQ� LQVWDQFH� RI� DistributedFileSystem� �VWHS� �� LQ� )LJXUH� ������
DistributedFileSystem�FDOOV�WKH�QDPHQRGH��XVLQJ�53&��WR�GHWHUPLQH�WKH�ORFDWLRQV�RI
WKH�EORFNV�IRU�WKH�ILUVW�IHZ�EORFNV�LQ�WKH�ILOH��VWHS�����)RU�HDFK�EORFN��WKH�QDPHQRGH
UHWXUQV�WKH�DGGUHVVHV�RI�WKH�GDWDQRGHV�WKDW�KDYH�D�FRS\�RI�WKDW�EORFN��)XUWKHUPRUH��WKH
GDWDQRGHV�DUH�VRUWHG�DFFRUGLQJ�WR�WKHLU�SUR[LPLW\�WR�WKH�FOLHQW��DFFRUGLQJ�WR�WKH�WRS�
RORJ\�RI�WKH�FOXVWHU¦V�QHWZRUN��VHH�£1HWZRUN�7RSRORJ\�DQG�+DGRRS¤�RQ�SDJH������,I
WKH�FOLHQW�LV�LWVHOI�D�GDWDQRGH��LQ�WKH�FDVH�RI�D�0DS5HGXFH�WDVN��IRU�LQVWDQFH���WKH�FOLHQW
ZLOO�UHDG�IURP�WKH�ORFDO�GDWDQRGH�LI�WKDW�GDWDQRGH�KRVWV�D�FRS\�RI�WKH�EORFN��VHH�DOVR
)LJXUH������

Data Flow | 67



)LJXUH������$�FOLHQW�UHDGLQJ�GDWD�IURP�+')6

7KH�DistributedFileSystem�UHWXUQV�DQ�FSDataInputStream��DQ�LQSXW�VWUHDP�WKDW�VXS�
SRUWV�ILOH�VHHNV��WR�WKH�FOLHQW�IRU�LW�WR�UHDG�GDWD�IURP��FSDataInputStream�LQ�WXUQ�ZUDSV
D�DFSInputStream��ZKLFK�PDQDJHV�WKH�GDWDQRGH�DQG�QDPHQRGH�,�2�

7KH�FOLHQW�WKHQ�FDOOV�read()�RQ�WKH�VWUHDP��VWHS�����DFSInputStream��ZKLFK�KDV�VWRUHG
WKH�GDWDQRGH�DGGUHVVHV�IRU�WKH�ILUVW�IHZ�EORFNV�LQ�WKH�ILOH��WKHQ�FRQQHFWV�WR�WKH�ILUVW
�FORVHVW��GDWDQRGH�IRU�WKH�ILUVW�EORFN�LQ�WKH�ILOH��'DWD�LV�VWUHDPHG�IURP�WKH�GDWDQRGH
EDFN�WR�WKH�FOLHQW��ZKLFK�FDOOV�read()�UHSHDWHGO\�RQ�WKH�VWUHDP��VWHS�����:KHQ�WKH�HQG
RI�WKH�EORFN�LV�UHDFKHG��DFSInputStream�ZLOO�FORVH�WKH�FRQQHFWLRQ�WR�WKH�GDWDQRGH��WKHQ
ILQG�WKH�EHVW�GDWDQRGH�IRU�WKH�QH[W�EORFN��VWHS�����7KLV�KDSSHQV�WUDQVSDUHQWO\�WR�WKH
FOLHQW��ZKLFK�IURP�LWV�SRLQW�RI�YLHZ�LV�MXVW�UHDGLQJ�D�FRQWLQXRXV�VWUHDP�

%ORFNV�DUH�UHDG�LQ�RUGHU��ZLWK�WKH�DFSInputStream�RSHQLQJ�QHZ�FRQQHFWLRQV�WR�GDWDQ�
RGHV�DV�WKH�FOLHQW�UHDGV�WKURXJK�WKH�VWUHDP��,W�ZLOO�DOVR�FDOO�WKH�QDPHQRGH�WR�UHWULHYH
WKH�GDWDQRGH�ORFDWLRQV�IRU�WKH�QH[W�EDWFK�RI�EORFNV�DV�QHHGHG��:KHQ�WKH�FOLHQW�KDV
ILQLVKHG�UHDGLQJ��LW�FDOOV�close()�RQ�WKH�FSDataInputStream��VWHS����

'XULQJ�UHDGLQJ��LI�WKH�DFSInputStream�HQFRXQWHUV�DQ�HUURU�ZKLOH�FRPPXQLFDWLQJ�ZLWK
D�GDWDQRGH��LW�ZLOO�WU\�WKH�QH[W�FORVHVW�RQH�IRU�WKDW�EORFN��,W�ZLOO�DOVR�UHPHPEHU�GDWDQ�
RGHV� WKDW�KDYH� IDLOHG� VR� WKDW� LW�GRHVQ¦W�QHHGOHVVO\� UHWU\� WKHP� IRU� ODWHU�EORFNV��7KH�
DFSInputStream�DOVR�YHULILHV�FKHFNVXPV�IRU�WKH�GDWD�WUDQVIHUUHG�WR�LW�IURP�WKH�GDWDQRGH�
,I� D� FRUUXSWHG� EORFN� LV� IRXQG�� LW� LV� UHSRUWHG� WR� WKH� QDPHQRGH� EHIRUH� WKH� DFSInput
Stream�DWWHPSWV�WR�UHDG�D�UHSOLFD�RI�WKH�EORFN�IURP�DQRWKHU�GDWDQRGH�

2QH�LPSRUWDQW�DVSHFW�RI�WKLV�GHVLJQ�LV�WKDW�WKH�FOLHQW�FRQWDFWV�GDWDQRGHV�GLUHFWO\�WR
UHWULHYH�GDWD�DQG�LV�JXLGHG�E\�WKH�QDPHQRGH�WR�WKH�EHVW�GDWDQRGH�IRU�HDFK�EORFN��7KLV
GHVLJQ�DOORZV�+')6�WR�VFDOH�WR�D�ODUJH�QXPEHU�RI�FRQFXUUHQW�FOLHQWV�EHFDXVH�WKH�GDWD
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WUDIILF� LV� VSUHDG� DFURVV� DOO� WKH� GDWDQRGHV� LQ� WKH� FOXVWHU��0HDQZKLOH�� WKH� QDPHQRGH
PHUHO\�KDV�WR�VHUYLFH�EORFN�ORFDWLRQ�UHTXHVWV��ZKLFK�LW�VWRUHV�LQ�PHPRU\��PDNLQJ�WKHP
YHU\�HIILFLHQW��DQG�GRHV�QRW��IRU�H[DPSOH��VHUYH�GDWD��ZKLFK�ZRXOG�TXLFNO\�EHFRPH�D
ERWWOHQHFN�DV�WKH�QXPEHU�RI�FOLHQWV�JUHZ�

Network Topology and Hadoop
:KDW�GRHV�LW�PHDQ�IRU�WZR�QRGHV�LQ�D�ORFDO�QHWZRUN�WR�EH�£FORVH¤�WR�HDFK�RWKHU"�,Q�WKH
FRQWH[W�RI�KLJK�YROXPH�GDWD�SURFHVVLQJ��WKH�OLPLWLQJ�IDFWRU�LV�WKH�UDWH�DW�ZKLFK�ZH�FDQ
WUDQVIHU�GDWD�EHWZHHQ�QRGHV¢EDQGZLGWK�LV�D�VFDUFH�FRPPRGLW\��7KH�LGHD�LV�WR�XVH�WKH
EDQGZLGWK�EHWZHHQ�WZR�QRGHV�DV�D�PHDVXUH�RI�GLVWDQFH�

5DWKHU�WKDQ�PHDVXULQJ�EDQGZLGWK�EHWZHHQ�QRGHV��ZKLFK�FDQ�EH�GLIILFXOW�WR�GR�LQ�SUDF�
WLFH��LW�UHTXLUHV�D�TXLHW�FOXVWHU��DQG�WKH�QXPEHU�RI�SDLUV�RI�QRGHV�LQ�D�FOXVWHU�JURZV�DV
WKH�VTXDUH�RI�WKH�QXPEHU�RI�QRGHV���+DGRRS�WDNHV�D�VLPSOH�DSSURDFK�LQ�ZKLFK�WKH
QHWZRUN�LV�UHSUHVHQWHG�DV�D�WUHH�DQG�WKH�GLVWDQFH�EHWZHHQ�WZR�QRGHV�LV�WKH�VXP�RI�WKHLU
GLVWDQFHV�WR�WKHLU�FORVHVW�FRPPRQ�DQFHVWRU��/HYHOV�LQ�WKH�WUHH�DUH�QRW�SUHGHILQHG��EXW
LW�LV�FRPPRQ�WR�KDYH�OHYHOV�WKDW�FRUUHVSRQG�WR�WKH�GDWD�FHQWHU��WKH�UDFN��DQG�WKH�QRGH
WKDW�D�SURFHVV�LV�UXQQLQJ�RQ��7KH�LGHD�LV�WKDW�WKH�EDQGZLGWK�DYDLODEOH�IRU�HDFK�RI�WKH
IROORZLQJ�VFHQDULRV�EHFRPHV�SURJUHVVLYHO\�OHVV�

� 3URFHVVHV�RQ�WKH�VDPH�QRGH

� 'LIIHUHQW�QRGHV�RQ�WKH�VDPH�UDFN

� 1RGHV�RQ�GLIIHUHQW�UDFNV�LQ�WKH�VDPH�GDWD�FHQWHU

� 1RGHV�LQ�GLIIHUHQW�GDWD�FHQWHUV�

)RU�H[DPSOH��LPDJLQH�D�QRGH�Q��RQ�UDFN�U��LQ�GDWD�FHQWHU�G���7KLV�FDQ�EH�UHSUHVHQWHG
DV��G��U��Q���8VLQJ�WKLV�QRWDWLRQ��KHUH�DUH�WKH�GLVWDQFHV�IRU�WKH�IRXU�VFHQDULRV�

� GLVWDQFH��G��U��Q����G��U��Q��� ����SURFHVVHV�RQ�WKH�VDPH�QRGH�

� GLVWDQFH��G��U��Q����G��U��Q��� ����GLIIHUHQW�QRGHV�RQ�WKH�VDPH�UDFN�

� GLVWDQFH��G��U��Q����G��U��Q��� ����QRGHV�RQ�GLIIHUHQW�UDFNV�LQ�WKH�VDPH�GDWD�FHQWHU�

� GLVWDQFH��G��U��Q����G��U��Q��� ����QRGHV�LQ�GLIIHUHQW�GDWD�FHQWHUV�

7KLV� LV� LOOXVWUDWHG�VFKHPDWLFDOO\� LQ�)LJXUH�������0DWKHPDWLFDOO\� LQFOLQHG�UHDGHUV�ZLOO
QRWLFH�WKDW�WKLV�LV�DQ�H[DPSOH�RI�D�GLVWDQFH�PHWULF��

)LQDOO\��LW�LV�LPSRUWDQW�WR�UHDOL]H�WKDW�+DGRRS�FDQQRW�GLYLQH�\RXU�QHWZRUN�WRSRORJ\�IRU
\RX��,W�QHHGV�VRPH�KHOS��ZH¦OO�FRYHU�KRZ�WR�FRQILJXUH�WRSRORJ\�LQ�£1HWZRUN�7RSRO�
RJ\¤�RQ�SDJH������%\�GHIDXOW��WKRXJK��LW�DVVXPHV�WKDW�WKH�QHWZRUN�LV�IODW¢D�VLQJOH�
OHYHO�KLHUDUFK\¢RU�LQ�RWKHU�ZRUGV��WKDW�DOO�QRGHV�DUH�RQ�D�VLQJOH�UDFN�LQ�D�VLQJOH�GDWD
FHQWHU��)RU�VPDOO�FOXVWHUV��WKLV�PD\�DFWXDOO\�EH�WKH�FDVH��DQG�QR�IXUWKHU�FRQILJXUDWLRQ
LV�UHTXLUHG�

�� $W�WKH�WLPH�RI�WKLV�ZULWLQJ��+DGRRS�LV�QRW�VXLWHG�IRU�UXQQLQJ�DFURVV�GDWD�FHQWHUV�
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)LJXUH������1HWZRUN�GLVWDQFH�LQ�+DGRRS

Anatomy of a File Write
1H[W�ZH¦OO�ORRN�DW�KRZ�ILOHV�DUH�ZULWWHQ�WR�+')6��$OWKRXJK�TXLWH�GHWDLOHG��LW�LV�LQVWUXF�
WLYH�WR�XQGHUVWDQG�WKH�GDWD�IORZ�EHFDXVH�LW�FODULILHV�+')6¦V�FRKHUHQF\�PRGHO�

:H¦UH�JRLQJ�WR�FRQVLGHU�WKH�FDVH�RI�FUHDWLQJ�D�QHZ�ILOH��ZULWLQJ�GDWD�WR�LW��WKHQ�FORVLQJ
WKH�ILOH��6HH�)LJXUH�����

7KH� FOLHQW� FUHDWHV� WKH� ILOH� E\� FDOOLQJ� create()� RQ� DistributedFileSystem� �VWHS� �� LQ
)LJXUH�������DistributedFileSystem�PDNHV�DQ�53&�FDOO�WR�WKH�QDPHQRGH�WR�FUHDWH�D�QHZ
ILOH�LQ�WKH�ILOHV\VWHP¦V�QDPHVSDFH��ZLWK�QR�EORFNV�DVVRFLDWHG�ZLWK�LW��VWHS�����7KH�QDPH�
QRGH�SHUIRUPV�YDULRXV�FKHFNV�WR�PDNH�VXUH�WKH�ILOH�GRHVQ¦W�DOUHDG\�H[LVW�DQG�WKDW�WKH
FOLHQW�KDV�WKH�ULJKW�SHUPLVVLRQV�WR�FUHDWH�WKH�ILOH��,I�WKHVH�FKHFNV�SDVV��WKH�QDPHQRGH
PDNHV�D�UHFRUG�RI�WKH�QHZ�ILOH��RWKHUZLVH��ILOH�FUHDWLRQ�IDLOV�DQG�WKH�FOLHQW�LV�WKURZQ�DQ�
IOException��7KH�DistributedFileSystem�UHWXUQV�DQ�FSDataOutputStream�IRU�WKH�FOLHQW
WR�VWDUW�ZULWLQJ�GDWD�WR��-XVW�DV�LQ�WKH�UHDG�FDVH��FSDataOutputStream�ZUDSV�D�DFSOutput
Stream��ZKLFK�KDQGOHV�FRPPXQLFDWLRQ�ZLWK�WKH�GDWDQRGHV�DQG�QDPHQRGH�

$V�WKH�FOLHQW�ZULWHV�GDWD��VWHS�����DFSOutputStream�VSOLWV�LW�LQWR�SDFNHWV��ZKLFK�LW�ZULWHV
WR�DQ�LQWHUQDO�TXHXH��FDOOHG�WKH�GDWD�TXHXH��7KH�GDWD�TXHXH�LV�FRQVXPHG�E\�WKH�Data
Streamer��ZKLFK� LV� UHVSRQVLEOH� IRU� DVNLQJ� WKH� QDPHQRGH� WR� DOORFDWH� QHZ�EORFNV� E\
SLFNLQJ�D�OLVW�RI�VXLWDEOH�GDWDQRGHV�WR�VWRUH�WKH�UHSOLFDV��7KH�OLVW�RI�GDWDQRGHV�IRUPV�D
SLSHOLQH��DQG�KHUH�ZH¦OO�DVVXPH�WKH�UHSOLFDWLRQ�OHYHO�LV�WKUHH��VR�WKHUH�DUH�WKUHH�QRGHV
LQ�WKH�SLSHOLQH��7KH�DataStreamer�VWUHDPV�WKH�SDFNHWV�WR�WKH�ILUVW�GDWDQRGH�LQ�WKH�SLSH�
OLQH��ZKLFK�VWRUHV�WKH�SDFNHW�DQG�IRUZDUGV�LW�WR�WKH�VHFRQG�GDWDQRGH�LQ�WKH�SLSHOLQH�
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6LPLODUO\��WKH�VHFRQG�GDWDQRGH�VWRUHV�WKH�SDFNHW�DQG�IRUZDUGV�LW�WR�WKH�WKLUG��DQG�ODVW�
GDWDQRGH�LQ�WKH�SLSHOLQH��VWHS����

)LJXUH������$�FOLHQW�ZULWLQJ�GDWD�WR�+')6

DFSOutputStream� DOVR�PDLQWDLQV�DQ� LQWHUQDO�TXHXH�RI�SDFNHWV� WKDW�DUH�ZDLWLQJ� WR�EH
DFNQRZOHGJHG�E\�GDWDQRGHV��FDOOHG�WKH�DFN�TXHXH��$�SDFNHW�LV�UHPRYHG�IURP�WKH�DFN
TXHXH�RQO\�ZKHQ�LW�KDV�EHHQ�DFNQRZOHGJHG�E\�DOO�WKH�GDWDQRGHV�LQ�WKH�SLSHOLQH��VWHS����

,I�D�GDWDQRGH�IDLOV�ZKLOH�GDWD�LV�EHLQJ�ZULWWHQ�WR�LW��WKHQ�WKH�IROORZLQJ�DFWLRQV�DUH�WDNHQ�
ZKLFK�DUH�WUDQVSDUHQW�WR�WKH�FOLHQW�ZULWLQJ�WKH�GDWD��)LUVW��WKH�SLSHOLQH�LV�FORVHG��DQG
DQ\�SDFNHWV�LQ�WKH�DFN�TXHXH�DUH�DGGHG�WR�WKH�IURQW�RI�WKH�GDWD�TXHXH�VR�WKDW�GDWDQRGHV
WKDW�DUH�GRZQVWUHDP�IURP�WKH�IDLOHG�QRGH�ZLOO�QRW�PLVV�DQ\�SDFNHWV��7KH�FXUUHQW�EORFN
RQ�WKH�JRRG�GDWDQRGHV�LV�JLYHQ�D�QHZ�LGHQWLW\��ZKLFK�LV�FRPPXQLFDWHG�WR�WKH�QDPH�
QRGH�� VR� WKDW� WKH� SDUWLDO� EORFN� RQ� WKH� IDLOHG� GDWDQRGH�ZLOO� EH� GHOHWHG� LI� WKH� IDLOHG
GDWDQRGH�UHFRYHUV�ODWHU�RQ��7KH�IDLOHG�GDWDQRGH�LV�UHPRYHG�IURP�WKH�SLSHOLQH��DQG�WKH
UHPDLQGHU�RI�WKH�EORFN¦V�GDWD�LV�ZULWWHQ�WR�WKH�WZR�JRRG�GDWDQRGHV�LQ�WKH�SLSHOLQH��7KH
QDPHQRGH�QRWLFHV�WKDW�WKH�EORFN�LV�XQGHU�UHSOLFDWHG��DQG�LW�DUUDQJHV�IRU�D�IXUWKHU�UHSOLFD
WR�EH�FUHDWHG�RQ�DQRWKHU�QRGH��6XEVHTXHQW�EORFNV�DUH�WKHQ�WUHDWHG�DV�QRUPDO�

,W¦V�SRVVLEOH��EXW�XQOLNHO\��WKDW�PXOWLSOH�GDWDQRGHV�IDLO�ZKLOH�D�EORFN�LV�EHLQJ�ZULWWHQ�
$V�ORQJ�DV�dfs.replication.min�UHSOLFDV��ZKLFK�GHIDXOW�WR�RQH��DUH�ZULWWHQ��WKH�ZULWH
ZLOO�VXFFHHG��DQG�WKH�EORFN�ZLOO�EH�DV\QFKURQRXVO\�UHSOLFDWHG�DFURVV�WKH�FOXVWHU�XQWLO
LWV�WDUJHW�UHSOLFDWLRQ�IDFWRU�LV�UHDFKHG��dfs.replication��ZKLFK�GHIDXOWV�WR�WKUHH��

:KHQ�WKH�FOLHQW�KDV�ILQLVKHG�ZULWLQJ�GDWD��LW�FDOOV�close()�RQ�WKH�VWUHDP��VWHS�����7KLV
DFWLRQ� IOXVKHV� DOO� WKH� UHPDLQLQJ�SDFNHWV� WR� WKH�GDWDQRGH�SLSHOLQH� DQG�ZDLWV� IRU� DF�
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NQRZOHGJPHQWV�EHIRUH�FRQWDFWLQJ�WKH�QDPHQRGH�WR�VLJQDO�WKDW�WKH�ILOH�LV�FRPSOHWH��VWHS
���� 7KH� QDPHQRGH� DOUHDG\� NQRZV� ZKLFK� EORFNV� WKH� ILOH� LV� PDGH� XS� RI� �YLD� Data
Streamer�DVNLQJ�IRU�EORFN�DOORFDWLRQV���VR�LW�RQO\�KDV�WR�ZDLW�IRU�EORFNV�WR�EH�PLQLPDOO\
UHSOLFDWHG�EHIRUH�UHWXUQLQJ�VXFFHVVIXOO\�

Replica Placement
+RZ�GRHV�WKH�QDPHQRGH�FKRRVH�ZKLFK�GDWDQRGHV�WR�VWRUH�UHSOLFDV�RQ"�7KHUH¦V�D�WUDGH�
RII�EHWZHHQ�UHOLDELOLW\�DQG�ZULWH�EDQGZLGWK�DQG�UHDG�EDQGZLGWK�KHUH��)RU�H[DPSOH�
SODFLQJ�DOO�UHSOLFDV�RQ�D�VLQJOH�QRGH�LQFXUV�WKH�ORZHVW�ZULWH�EDQGZLGWK�SHQDOW\�VLQFH
WKH�UHSOLFDWLRQ�SLSHOLQH�UXQV�RQ�D�VLQJOH�QRGH��EXW�WKLV�RIIHUV�QR�UHDO�UHGXQGDQF\��LI�WKH
QRGH�IDLOV��WKH�GDWD�IRU�WKDW�EORFN�LV�ORVW���$OVR��WKH�UHDG�EDQGZLGWK�LV�KLJK�IRU�RII�UDFN
UHDGV��$W�WKH�RWKHU�H[WUHPH��SODFLQJ�UHSOLFDV�LQ�GLIIHUHQW�GDWD�FHQWHUV�PD\�PD[LPL]H
UHGXQGDQF\��EXW�DW�WKH�FRVW�RI�EDQGZLGWK��(YHQ�LQ�WKH�VDPH�GDWD�FHQWHU��ZKLFK�LV�ZKDW
DOO�+DGRRS�FOXVWHUV�WR�GDWH�KDYH�UXQ�LQ���WKHUH�DUH�D�YDULHW\�RI�SODFHPHQW�VWUDWHJLHV�
,QGHHG��+DGRRS�FKDQJHG�LWV�SODFHPHQW�VWUDWHJ\�LQ�UHOHDVH��������WR�RQH�WKDW�KHOSV�NHHS
D�IDLUO\�HYHQ�GLVWULEXWLRQ�RI�EORFNV�DFURVV�WKH�FOXVWHU���6HH�£%DODQFHU¤�RQ�SDJH�����IRU
GHWDLOV�RQ�NHHSLQJ�D�FOXVWHU�EDODQFHG���$QG�LQ�UHOHDVHV�DIWHU���[��EORFN�SODFHPHQW�SRO�
LFLHV�DUH�SOXJJDEOH�

+DGRRS¦V�GHIDXOW�VWUDWHJ\�LV�WR�SODFH�WKH�ILUVW�UHSOLFD�RQ�WKH�VDPH�QRGH�DV�WKH�FOLHQW��IRU
FOLHQWV�UXQQLQJ�RXWVLGH�WKH�FOXVWHU��D�QRGH�LV�FKRVHQ�DW�UDQGRP��DOWKRXJK�WKH�V\VWHP
WULHV�QRW�WR�SLFN�QRGHV�WKDW�DUH�WRR�IXOO�RU�WRR�EXV\���7KH�VHFRQG�UHSOLFD�LV�SODFHG�RQ�D
GLIIHUHQW�UDFN�IURP�WKH�ILUVW��RII�UDFN���FKRVHQ�DW�UDQGRP��7KH�WKLUG�UHSOLFD�LV�SODFHG�RQ
WKH�VDPH�UDFN�DV�WKH�VHFRQG��EXW�RQ�D�GLIIHUHQW�QRGH�FKRVHQ�DW�UDQGRP��)XUWKHU�UHSOLFDV
DUH�SODFHG�RQ�UDQGRP�QRGHV�RQ�WKH�FOXVWHU��DOWKRXJK�WKH�V\VWHP�WULHV�WR�DYRLG�SODFLQJ
WRR�PDQ\�UHSOLFDV�RQ�WKH�VDPH�UDFN�

2QFH�WKH�UHSOLFD�ORFDWLRQV�KDYH�EHHQ�FKRVHQ��D�SLSHOLQH�LV�EXLOW��WDNLQJ�QHWZRUN�WRSRO�
RJ\�LQWR�DFFRXQW��)RU�D�UHSOLFDWLRQ�IDFWRU�RI����WKH�SLSHOLQH�PLJKW�ORRN�OLNH�)LJXUH�����

2YHUDOO��WKLV�VWUDWHJ\�JLYHV�D�JRRG�EDODQFH�DPRQJ�UHOLDELOLW\��EORFNV�DUH�VWRUHG�RQ�WZR
UDFNV���ZULWH�EDQGZLGWK��ZULWHV�RQO\�KDYH�WR�WUDYHUVH�D�VLQJOH�QHWZRUN�VZLWFK���UHDG
SHUIRUPDQFH��WKHUH¦V�D�FKRLFH�RI�WZR�UDFNV�WR�UHDG�IURP���DQG�EORFN�GLVWULEXWLRQ�DFURVV
WKH�FOXVWHU��FOLHQWV�RQO\�ZULWH�D�VLQJOH�EORFN�RQ�WKH�ORFDO�UDFN��

Coherency Model
$�FRKHUHQF\�PRGHO�IRU�D�ILOHV\VWHP�GHVFULEHV�WKH�GDWD�YLVLELOLW\�RI�UHDGV�DQG�ZULWHV�IRU
D�ILOH��+')6�WUDGHV�RII�VRPH�326,;�UHTXLUHPHQWV�IRU�SHUIRUPDQFH��VR�VRPH�RSHUDWLRQV
PD\�EHKDYH�GLIIHUHQWO\�WKDQ�\RX�H[SHFW�WKHP�WR�

$IWHU�FUHDWLQJ�D�ILOH��LW�LV�YLVLEOH�LQ�WKH�ILOHV\VWHP�QDPHVSDFH��DV�H[SHFWHG�

Path p = new Path("p");
fs.create(p);
assertThat(fs.exists(p), is(true));
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+RZHYHU��DQ\�FRQWHQW�ZULWWHQ�WR�WKH�ILOH� LV�QRW�JXDUDQWHHG�WR�EH�YLVLEOH��HYHQ�LI� WKH
VWUHDP�LV�IOXVKHG��6R�WKH�ILOH�DSSHDUV�WR�KDYH�D�OHQJWK�RI�]HUR�

Path p = new Path("p");
OutputStream out = fs.create(p);
out.write("content".getBytes("UTF-8"));
out.flush();
assertThat(fs.getFileStatus(p).getLen(), is(0L));

2QFH�PRUH�WKDQ�D�EORFN¦V�ZRUWK�RI�GDWD�KDV�EHHQ�ZULWWHQ��WKH�ILUVW�EORFN�ZLOO�EH�YLVLEOH
WR�QHZ�UHDGHUV��7KLV�LV�WUXH�RI�VXEVHTXHQW�EORFNV��WRR��LW�LV�DOZD\V�WKH�FXUUHQW�EORFN
EHLQJ�ZULWWHQ�WKDW�LV�QRW�YLVLEOH�WR�RWKHU�UHDGHUV�

+')6�SURYLGHV�D�PHWKRG�IRU�IRUFLQJ�DOO�EXIIHUV�WR�EH�V\QFKURQL]HG�WR�WKH�GDWDQRGHV
YLD�WKH�sync()�PHWKRG�RQ�FSDataOutputStream��$IWHU�D�VXFFHVVIXO�UHWXUQ�IURP�sync()�
+')6�JXDUDQWHHV�WKDW�WKH�GDWD�ZULWWHQ�XS�WR�WKDW�SRLQW�LQ�WKH�ILOH�KDV�UHDFKHG�DOO�WKH
GDWDQRGHV�LQ�WKH�ZULWH�SLSHOLQH�DQG�LV�YLVLEOH�WR�DOO�QHZ�UHDGHUV��

Path p = new Path("p");
FSDataOutputStream out = fs.create(p);
out.write("content".getBytes("UTF-8"));
out.flush();
out.sync();
assertThat(fs.getFileStatus(p).getLen(), is(((long) "content".length())));

)LJXUH������$�W\SLFDO�UHSOLFD�SLSHOLQH

�� 3RVW�+DGRRS���[��sync()�LV�GHSUHFDWHG�LQ�IDYRU�RI�WKH�HTXLYDOHQW�hflush()�PHWKRG��$QRWKHU�PHWKRG��
hsync()��KDV�DOVR�EHHQ�DGGHG�WKDW�PDNHV�D�VWURQJHU�JXDUDQWHH�WKDW�WKH�RSHUDWLQJ�V\VWHP�KDV�IOXVKHG�WKH
GDWD�WR�WKH�GDWDQRGHV¦�GLVNV��OLNH�326,;�fsync���+RZHYHU��DW�WKH�WLPH�RI�WKLV�ZULWLQJ��WKLV�KDV�QRW�EHHQ
LPSOHPHQWHG�DQG�PHUHO\�FDOOV�hflush()�
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7KLV�EHKDYLRU�LV�VLPLODU�WR�WKH�fsync�V\VWHP�FDOO�LQ�326,;�WKDW�FRPPLWV�EXIIHUHG�GDWD
IRU�D�ILOH�GHVFULSWRU��)RU�H[DPSOH��XVLQJ�WKH�VWDQGDUG�-DYD�$3,�WR�ZULWH�D�ORFDO�ILOH��ZH
DUH�JXDUDQWHHG�WR�VHH�WKH�FRQWHQW�DIWHU�IOXVKLQJ�WKH�VWUHDP�DQG�V\QFKURQL]LQJ�

FileOutputStream out = new FileOutputStream(localFile);
out.write("content".getBytes("UTF-8"));
out.flush(); // flush to operating system
out.getFD().sync(); // sync to disk
assertThat(localFile.length(), is(((long) "content".length())));

&ORVLQJ�D�ILOH�LQ�+')6�SHUIRUPV�DQ�LPSOLFLW�sync()��WRR�

Path p = new Path("p");
OutputStream out = fs.create(p);
out.write("content".getBytes("UTF-8"));
out.close();
assertThat(fs.getFileStatus(p).getLen(), is(((long) "content".length())));

Consequences for application design
7KLV�FRKHUHQF\�PRGHO�KDV�LPSOLFDWLRQV�IRU�WKH�ZD\�\RX�GHVLJQ�DSSOLFDWLRQV��:LWK�QR
FDOOV�WR�sync()��\RX�VKRXOG�EH�SUHSDUHG�WR�ORVH�XS�WR�D�EORFN�RI�GDWD�LQ�WKH�HYHQW�RI
FOLHQW�RU�V\VWHP�IDLOXUH��)RU�PDQ\�DSSOLFDWLRQV��WKLV�LV�XQDFFHSWDEOH��VR�\RX�VKRXOG�FDOO�
sync()�DW�VXLWDEOH�SRLQWV��VXFK�DV�DIWHU�ZULWLQJ�D�FHUWDLQ�QXPEHU�RI�UHFRUGV�RU�QXPEHU
RI�E\WHV��7KRXJK�WKH�sync()�RSHUDWLRQ�LV�GHVLJQHG�WR�QRW�XQGXO\�WD[�+')6��LW�GRHV�KDYH
VRPH�RYHUKHDG��VR�WKHUH�LV�D�WUDGH�RII�EHWZHHQ�GDWD�UREXVWQHVV�DQG�WKURXJKSXW��:KDW
FRQVWLWXWHV�DQ�DFFHSWDEOH�WUDGH�RII�LV�DSSOLFDWLRQ�GHSHQGHQW��DQG�VXLWDEOH�YDOXHV�FDQ
EH�VHOHFWHG�DIWHU�PHDVXULQJ�\RXU�DSSOLFDWLRQ¦V�SHUIRUPDQFH�ZLWK�GLIIHUHQW�sync()�IUH�
TXHQFLHV�

Data Ingest with Flume and Sqoop
5DWKHU�WKDQ�ZULWLQJ�DQ�DSSOLFDWLRQ�WR�PRYH�GDWD� LQWR�+')6�� LW¦V�ZRUWK�FRQVLGHULQJ
VRPH�RI�WKH�H[LVWLQJ�WRROV�IRU�LQJHVWLQJ�GDWD�EHFDXVH�WKH\�FRYHU�PDQ\�RI�WKH�FRPPRQ
UHTXLUHPHQWV�

$SDFKH�)OXPH��KWWS���LQFXEDWRU�DSDFKH�RUJ�IOXPH���LV�D�V\VWHP�IRU�PRYLQJ�ODUJH�TXDQ�
WLWLHV�RI�VWUHDPLQJ�GDWD�LQWR�+')6��$�YHU\�FRPPRQ�XVH�FDVH�LV�FROOHFWLQJ�ORJ�GDWD�IURP
RQH�V\VWHP¢D�EDQN�RI�ZHE�VHUYHUV��IRU�H[DPSOH¢DQG�DJJUHJDWLQJ�LW�LQ�+')6�IRU�ODWHU
DQDO\VLV��)OXPH�VXSSRUWV�D�ODUJH�YDULHW\�RI�VRXUFHV��VRPH�RI�WKH�PRUH�FRPPRQO\�XVHG
RQHV�LQFOXGH�tail��ZKLFK�SLSHV�GDWD�IURP�D�ORFDO�ILOH�EHLQJ�ZULWWHQ�WR�LQWR�)OXPH��MXVW
OLNH�8QL[�tail���V\VORJ��DQG�$SDFKH�ORJ�M��DOORZLQJ�-DYD�DSSOLFDWLRQV�WR�ZULWH�HYHQWV�WR
ILOHV�LQ�+')6�YLD�)OXPH��

)OXPH�QRGHV�FDQ�EH�DUUDQJHG�LQ�DUELWUDU\�WRSRORJLHV��7\SLFDOO\�WKHUH�LV�D�QRGH�UXQQLQJ
RQ�HDFK�VRXUFH�PDFKLQH��HDFK�ZHE�VHUYHU��IRU�H[DPSOH���ZLWK�WLHUV�RI�DJJUHJDWLQJ�QRGHV
WKDW�WKH�GDWD�IORZV�WKURXJK�RQ�LWV�ZD\�WR�+')6�
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)OXPH� RIIHUV� GLIIHUHQW� OHYHOV� RI� GHOLYHU\� UHOLDELOLW\�� IURP� EHVW�HIIRUW� GHOLYHU\�� ZKLFK
GRHVQ¦W�WROHUDWH�DQ\�)OXPH�QRGH�IDLOXUHV��WR�HQG�WR�HQG��ZKLFK�JXDUDQWHHV�GHOLYHU\�HYHQ
LQ�WKH�HYHQW�RI�PXOWLSOH�)OXPH�QRGH�IDLOXUHV�EHWZHHQ�WKH�VRXUFH�DQG�+')6�

$SDFKH�6TRRS��KWWS���VTRRS�DSDFKH�RUJ����RQ�WKH�RWKHU�KDQG��LV�GHVLJQHG�IRU�SHUIRUPLQJ
EXON�LPSRUWV�RI�GDWD�LQWR�+')6�IURP�VWUXFWXUHG�GDWD�VWRUHV��VXFK�DV�UHODWLRQDO�GDWD�
EDVHV��$Q�H[DPSOH�RI�D�6TRRS�XVH�FDVH�LV�DQ�RUJDQL]DWLRQ�WKDW�UXQV�D�QLJKWO\�6TRRS
LPSRUW�WR�ORDG�WKH�GD\¦V�GDWD�IURP�D�SURGXFWLRQ�GDWDEDVH�LQWR�D�+LYH�GDWD�ZDUHKRXVH
IRU�DQDO\VLV��6TRRS�LV�FRYHUHG�LQ�&KDSWHU����

Parallel Copying with distcp
7KH�+')6�DFFHVV�SDWWHUQV�WKDW�ZH�KDYH�VHHQ�VR�IDU�IRFXV�RQ�VLQJOH�WKUHDGHG�DFFHVV��,W¦V
SRVVLEOH�WR�DFW�RQ�D�FROOHFWLRQ�RI�ILOHV¢E\�VSHFLI\LQJ�ILOH�JOREV��IRU�H[DPSOH¢EXW�IRU
HIILFLHQW�SDUDOOHO�SURFHVVLQJ�RI�WKHVH�ILOHV��\RX�ZRXOG�KDYH�WR�ZULWH�D�SURJUDP�\RXUVHOI�
+DGRRS�FRPHV�ZLWK�D�XVHIXO�SURJUDP�FDOOHG�GLVWFS�IRU�FRS\LQJ�ODUJH�DPRXQWV�RI�GDWD
WR�DQG�IURP�+DGRRS�ILOHV\VWHPV�LQ�SDUDOOHO�

7KH�FDQRQLFDO�XVH�FDVH�IRU�GLVWFS�LV�IRU�WUDQVIHUULQJ�GDWD�EHWZHHQ�WZR�+')6�FOXVWHUV�
,I� WKH� FOXVWHUV� DUH� UXQQLQJ� LGHQWLFDO� YHUVLRQV� RI� +DGRRS�� WKH� KGIV� VFKHPH� LV
DSSURSULDWH�

% hadoop distcp hdfs://namenode1/foo hdfs://namenode2/bar

7KLV�ZLOO�FRS\�WKH� �IRR�GLUHFWRU\��DQG�LWV�FRQWHQWV�� IURP�WKH�ILUVW�FOXVWHU�WR�WKH� �EDU
GLUHFWRU\�RQ�WKH�VHFRQG�FOXVWHU��VR�WKH�VHFRQG�FOXVWHU�HQGV�XS�ZLWK�WKH�GLUHFWRU\�VWUXF�
WXUH��EDU�IRR��,I��EDU�GRHVQ¦W�H[LVW��LW�ZLOO�EH�FUHDWHG�ILUVW��<RX�FDQ�VSHFLI\�PXOWLSOH�VRXUFH
SDWKV��DQG�DOO�ZLOO�EH�FRSLHG�WR�WKH�GHVWLQDWLRQ��6RXUFH�SDWKV�PXVW�EH�DEVROXWH�

%\�GHIDXOW��GLVWFS�ZLOO�VNLS�ILOHV�WKDW�DOUHDG\�H[LVW�LQ�WKH�GHVWLQDWLRQ��EXW�WKH\�FDQ�EH
RYHUZULWWHQ�E\�VXSSO\LQJ�WKH�-overwrite�RSWLRQ��<RX�FDQ�DOVR�XSGDWH�RQO\�WKH�ILOHV�WKDW
KDYH�FKDQJHG�XVLQJ�WKH�-update�RSWLRQ�

8VLQJ�HLWKHU��RU�ERWK��-overwrite�RU�-update�FKDQJHV�KRZ�WKH�VRXUFH
DQG�GHVWLQDWLRQ�SDWKV�DUH�LQWHUSUHWHG��7KLV�LV�EHVW�VKRZQ�ZLWK�DQ�H[�
DPSOH��,I�ZH�FKDQJHG�D�ILOH�LQ�WKH��IRR�VXEWUHH�RQ�WKH�ILUVW�FOXVWHU�IURP
WKH�SUHYLRXV�H[DPSOH��ZH�FRXOG�V\QFKURQL]H�WKH�FKDQJH�ZLWK�WKH�VHFRQG
FOXVWHU�E\�UXQQLQJ�

% hadoop distcp -update hdfs://namenode1/foo hdfs://namenode2/bar/foo

7KH�H[WUD�WUDLOLQJ��IRR�VXEGLUHFWRU\�LV�QHHGHG�RQ�WKH�GHVWLQDWLRQ��EHFDXVH
QRZ�WKH�FRQWHQWV�RI�WKH�VRXUFH�GLUHFWRU\�DUH�FRSLHG�WR�WKH�FRQWHQWV�RI�WKH
GHVWLQDWLRQ�GLUHFWRU\���,I�\RX�DUH�IDPLOLDU�ZLWK�UV\QF��\RX�FDQ�WKLQN�RI
WKH�-overwrite�RU�-update�RSWLRQV�DV�DGGLQJ�DQ�LPSOLFLW�WUDLOLQJ�VODVK�WR
WKH�VRXUFH��

,I�\RX�DUH�XQVXUH�RI�WKH�HIIHFW�RI�D�GLVWFS�RSHUDWLRQ��LW�LV�D�JRRG�LGHD�WR
WU\�LW�RXW�RQ�D�VPDOO�WHVW�GLUHFWRU\�WUHH�ILUVW�
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7KHUH�DUH�PRUH�RSWLRQV�WR�FRQWURO�WKH�EHKDYLRU�RI�GLVWFS��LQFOXGLQJ�RQHV�WR�SUHVHUYH�ILOH
DWWULEXWHV��LJQRUH�IDLOXUHV��DQG�OLPLW�WKH�QXPEHU�RI�ILOHV�RU�WRWDO�GDWD�FRSLHG��5XQ�LW�ZLWK
QR�RSWLRQV�WR�VHH�WKH�XVDJH�LQVWUXFWLRQV�

GLVWFS�LV�LPSOHPHQWHG�DV�D�0DS5HGXFH�MRE�ZKHUH�WKH�ZRUN�RI�FRS\LQJ�LV�GRQH�E\�WKH
PDSV�WKDW�UXQ�LQ�SDUDOOHO�DFURVV�WKH�FOXVWHU��7KHUH�DUH�QR�UHGXFHUV��(DFK�ILOH�LV�FRSLHG
E\�D�VLQJOH�PDS��DQG�GLVWFS�WULHV�WR�JLYH�HDFK�PDS�DSSUR[LPDWHO\�WKH�VDPH�DPRXQW�RI
GDWD�E\�EXFNHWLQJ�ILOHV�LQWR�URXJKO\�HTXDO�DOORFDWLRQV�

7KH�QXPEHU�RI�PDSV�LV�GHFLGHG�DV�IROORZV��%HFDXVH�LW¦V�D�JRRG�LGHD�WR�JHW�HDFK�PDS�WR
FRS\�D�UHDVRQDEOH�DPRXQW�RI�GDWD�WR�PLQLPL]H�RYHUKHDGV�LQ�WDVN�VHWXS��HDFK�PDS�FRSLHV
DW�OHDVW�����0%��XQOHVV�WKH�WRWDO�VL]H�RI�WKH�LQSXW�LV�OHVV��LQ�ZKLFK�FDVH�RQH�PDS�KDQGOHV
LW�DOO���)RU�H[DPSOH����*%�RI�ILOHV�ZLOO�EH�JLYHQ�IRXU�PDS�WDVNV��:KHQ�WKH�GDWD�VL]H�LV
YHU\�ODUJH��LW�EHFRPHV�QHFHVVDU\�WR�OLPLW�WKH�QXPEHU�RI�PDSV�LQ�RUGHU�WR�OLPLW�EDQGZLGWK
DQG�FOXVWHU�XWLOL]DWLRQ��%\�GHIDXOW��WKH�PD[LPXP�QXPEHU�RI�PDSV�LV����SHU��WDVNWUDFNHU�
FOXVWHU�QRGH��)RU�H[DPSOH��FRS\LQJ�������*%�RI�ILOHV�WR�D�����QRGH�FOXVWHU�ZLOO�DOORFDWH
������PDSV�����SHU�QRGH���VR�HDFK�ZLOO�FRS\�����0%�RQ�DYHUDJH��7KLV�FDQ�EH�UHGXFHG
E\�VSHFLI\LQJ�WKH�-m�DUJXPHQW�WR�GLVWFS��)RU�H[DPSOH��-m 1000�ZRXOG�DOORFDWH������
PDSV��HDFK�FRS\LQJ���*%�RQ�DYHUDJH�

:KHQ�\RX�WU\�WR�XVH�GLVWFS�EHWZHHQ�WZR�+')6�FOXVWHUV�WKDW�DUH�UXQQLQJ�GLIIHUHQW�YHU�
VLRQV��WKH�FRS\�ZLOO�IDLO�LI�\RX�XVH�WKH�KGIV�SURWRFRO�EHFDXVH�WKH�53&�V\VWHPV�DUH�LQ�
FRPSDWLEOH��7R�UHPHG\�WKLV��\RX�FDQ�XVH�WKH�UHDG�RQO\�+773�EDVHG�+)73�ILOHV\VWHP
WR�UHDG�IURP�WKH�VRXUFH��7KH�MRE�PXVW�UXQ�RQ�WKH�GHVWLQDWLRQ�FOXVWHU�VR�WKDW�WKH�+')6
53&�YHUVLRQV�DUH�FRPSDWLEOH��7R�UHSHDW�WKH�SUHYLRXV�H[DPSOH�XVLQJ�+)73�

% hadoop distcp hftp://namenode1:50070/foo hdfs://namenode2/bar

1RWH� WKDW�\RX�QHHG� WR�VSHFLI\� WKH�QDPHQRGH¦V�ZHE�SRUW� LQ� WKH�VRXUFH�85,��7KLV� LV
GHWHUPLQHG�E\�WKH�dfs.http.address�SURSHUW\��ZKLFK�GHIDXOWV�WR�������

8VLQJ�WKH�QHZHU�ZHEKGIV�SURWRFRO��ZKLFK�UHSODFHV�KIWS���LW�LV�SRVVLEOH�WR�XVH�+773�IRU
ERWK�WKH�VRXUFH�DQG�GHVWLQDWLRQ�FOXVWHUV�ZLWKRXW�KLWWLQJ�DQ\�ZLUH�LQFRPSDWLELOLW\�SURE�
OHPV�

% hadoop distcp webhdfs://namenode1:50070/foo webhdfs://namenode2:50070/bar

$QRWKHU�YDULDQW�LV�WR�XVH�DQ�+')6�+773�SUR[\�DV�WKH�GLVWFS�VRXUFH�RU�GHVWLQDWLRQ�
ZKLFK�KDV� WKH� DGYDQWDJH� RI� EHLQJ� DEOH� WR� VHW� ILUHZDOO� DQG�EDQGZLGWK� FRQWUROV� �VHH
£+773¤�RQ�SDJH�����

Keeping an HDFS Cluster Balanced
:KHQ�FRS\LQJ�GDWD�LQWR�+')6��LW¦V�LPSRUWDQW�WR�FRQVLGHU�FOXVWHU�EDODQFH��+')6�ZRUNV
EHVW�ZKHQ�WKH�ILOH�EORFNV�DUH�HYHQO\�VSUHDG�DFURVV�WKH�FOXVWHU��VR�\RX�ZDQW�WR�HQVXUH
WKDW�GLVWFS�GRHVQ¦W�GLVUXSW�WKLV��*RLQJ�EDFN�WR�WKH�������*%�H[DPSOH��E\�VSHFLI\LQJ�-m
1��D�VLQJOH�PDS�ZRXOG�GR�WKH�FRS\��ZKLFK¢DSDUW�IURP�EHLQJ�VORZ�DQG�QRW�XVLQJ�WKH
FOXVWHU�UHVRXUFHV�HIILFLHQWO\¢ZRXOG�PHDQ�WKDW�WKH�ILUVW�UHSOLFD�RI�HDFK�EORFN�ZRXOG
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UHVLGH�RQ�WKH�QRGH�UXQQLQJ�WKH�PDS��XQWLO�WKH�GLVN�ILOOHG�XS���7KH�VHFRQG�DQG�WKLUG
UHSOLFDV�ZRXOG�EH�VSUHDG�DFURVV�WKH�FOXVWHU��EXW�WKLV�RQH�QRGH�ZRXOG�EH�XQEDODQFHG�
%\�KDYLQJ�PRUH�PDSV�WKDQ�QRGHV�LQ�WKH�FOXVWHU��WKLV�SUREOHP�LV�DYRLGHG��)RU�WKLV�UHDVRQ�
LW¦V�EHVW�WR�VWDUW�E\�UXQQLQJ�GLVWFS�ZLWK�WKH�GHIDXOW�RI����PDSV�SHU�QRGH�

+RZHYHU��LW¦V�QRW�DOZD\V�SRVVLEOH�WR�SUHYHQW�D�FOXVWHU�IURP�EHFRPLQJ�XQEDODQFHG��3HU�
KDSV�\RX�ZDQW�WR�OLPLW�WKH�QXPEHU�RI�PDSV�VR�WKDW�VRPH�RI�WKH�QRGHV�FDQ�EH�XVHG�E\
RWKHU�MREV��,Q�WKLV�FDVH��\RX�FDQ�XVH�WKH�EDODQFHU�WRRO��VHH�£%DODQFHU¤�RQ�SDJH������WR
VXEVHTXHQWO\�HYHQ�RXW�WKH�EORFN�GLVWULEXWLRQ�DFURVV�WKH�FOXVWHU�

Hadoop Archives
+')6� VWRUHV� VPDOO� ILOHV� LQHIILFLHQWO\�� VLQFH� HDFK� ILOH� LV� VWRUHG� LQ�D�EORFN�� DQG�EORFN
PHWDGDWD�LV�KHOG�LQ�PHPRU\�E\�WKH�QDPHQRGH��7KXV��D�ODUJH�QXPEHU�RI�VPDOO�ILOHV�FDQ
HDW�XS�D�ORW�RI�PHPRU\�RQ�WKH�QDPHQRGH���1RWH��KRZHYHU��WKDW�VPDOO�ILOHV�GR�QRW�WDNH
XS� DQ\�PRUH� GLVN� VSDFH� WKDQ� LV� UHTXLUHG� WR� VWRUH� WKH� UDZ� FRQWHQWV� RI� WKH� ILOH�� )RU
H[DPSOH��D���0%�ILOH�VWRUHG�ZLWK�D�EORFN�VL]H�RI�����0%�XVHV���0%�RI�GLVN�VSDFH��QRW
����0%��

+DGRRS�$UFKLYHV��RU�+$5�ILOHV��DUH�D�ILOH�DUFKLYLQJ�IDFLOLW\�WKDW�SDFNV�ILOHV�LQWR�+')6
EORFNV�PRUH�HIILFLHQWO\��WKHUHE\�UHGXFLQJ�QDPHQRGH�PHPRU\�XVDJH�ZKLOH�VWLOO�DOORZLQJ
WUDQVSDUHQW� DFFHVV� WR� ILOHV�� ,Q�SDUWLFXODU��+DGRRS�$UFKLYHV� FDQ�EH�XVHG�DV� LQSXW� WR
0DS5HGXFH�

Using Hadoop Archives
$�+DGRRS�$UFKLYH�LV�FUHDWHG�IURP�D�FROOHFWLRQ�RI�ILOHV�XVLQJ�WKH�DUFKLYH�WRRO��7KH�WRRO
UXQV�D�0DS5HGXFH�MRE�WR�SURFHVV�WKH�LQSXW�ILOHV�LQ�SDUDOOHO��VR�WR�UXQ�LW��\RX�QHHG�D
UXQQLQJ�0DS5HGXFH�FOXVWHU�WR�XVH�LW��+HUH�DUH�VRPH�ILOHV�LQ�+')6�WKDW�ZH�ZRXOG�OLNH
WR�DUFKLYH�

% hadoop fs -lsr /my/files
-rw-r--r--   1 tom supergroup          1 2009-04-09 19:13 /my/files/a
drwxr-xr-x   - tom supergroup          0 2009-04-09 19:13 /my/files/dir
-rw-r--r--   1 tom supergroup          1 2009-04-09 19:13 /my/files/dir/b

1RZ�ZH�FDQ�UXQ�WKH�archive�FRPPDQG�

% hadoop archive -archiveName files.har /my/files /my

7KH� ILUVW� RSWLRQ� LV� WKH� QDPH� RI� WKH� DUFKLYH�� KHUH� ILOHV�KDU�� +$5� ILOHV� DOZD\V� KDYH
D��KDU�H[WHQVLRQ��ZKLFK�LV�PDQGDWRU\�IRU�UHDVRQV�ZH�VKDOO�VHH�ODWHU��1H[W�FRPH�WKH�ILOHV
WR�SXW�LQ�WKH�DUFKLYH��+HUH�ZH�DUH�DUFKLYLQJ�RQO\�RQH�VRXUFH�WUHH��WKH�ILOHV�LQ��P\�ILOHV
LQ�+')6��EXW�WKH�WRRO�DFFHSWV�PXOWLSOH�VRXUFH�WUHHV��7KH�ILQDO�DUJXPHQW�LV�WKH�RXWSXW
GLUHFWRU\�IRU�WKH�+$5�ILOH��/HW¦V�VHH�ZKDW�WKH�DUFKLYH�KDV�FUHDWHG�

% hadoop fs -ls /my
Found 2 items
drwxr-xr-x   - tom supergroup          0 2009-04-09 19:13 /my/files
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drwxr-xr-x   - tom supergroup          0 2009-04-09 19:13 /my/files.har
% hadoop fs -ls /my/files.har
Found 3 items
-rw-r--r--  10 tom supergroup        165 2009-04-09 19:13 /my/files.har/_index
-rw-r--r--  10 tom supergroup         23 2009-04-09 19:13 /my/files.har/_masterindex
-rw-r--r--   1 tom supergroup          2 2009-04-09 19:13 /my/files.har/part-0

7KH�GLUHFWRU\�OLVWLQJ�VKRZV�ZKDW�D�+$5�ILOH�LV�PDGH�RI��WZR�LQGH[�ILOHV�DQG�D�FROOHFWLRQ
RI�SDUW�ILOHV��WKLV�H[DPSOH�KDV�MXVW�RQH�RI�WKH�ODWWHU���7KH�SDUW�ILOHV�FRQWDLQ�WKH�FRQWHQWV
RI�D�QXPEHU�RI�WKH�RULJLQDO�ILOHV�FRQFDWHQDWHG�WRJHWKHU��DQG�WKH�LQGH[HV�PDNH�LW�SRVVLEOH
WR�ORRN�XS�WKH�SDUW�ILOH�WKDW�DQ�DUFKLYHG�ILOH�LV�FRQWDLQHG�LQ��DV�ZHOO�DV�LWV�RIIVHW�DQG
OHQJWK��$OO�WKHVH�GHWDLOV�DUH�KLGGHQ�IURP�WKH�DSSOLFDWLRQ��KRZHYHU��ZKLFK�XVHV�WKH�KDU
85,�VFKHPH�WR�LQWHUDFW�ZLWK�+$5�ILOHV��XVLQJ�D�+$5�ILOHV\VWHP�WKDW�LV�OD\HUHG�RQ�WRS
RI�WKH�XQGHUO\LQJ�ILOHV\VWHP��+')6�LQ�WKLV�FDVH���7KH�IROORZLQJ�FRPPDQG�UHFXUVLYHO\
OLVWV�WKH�ILOHV�LQ�WKH�DUFKLYH�

% hadoop fs -lsr har:///my/files.har
drw-r--r--   - tom supergroup        0 2009-04-09 19:13 /my/files.har/my
drw-r--r--   - tom supergroup        0 2009-04-09 19:13 /my/files.har/my/files
-rw-r--r--  10 tom supergroup        1 2009-04-09 19:13 /my/files.har/my/files/a
drw-r--r--   - tom supergroup        0 2009-04-09 19:13 /my/files.har/my/files/dir
-rw-r--r--  10 tom supergroup        1 2009-04-09 19:13 /my/files.har/my/files/dir/b

7KLV�LV�TXLWH�VWUDLJKWIRUZDUG�ZKHQ�WKH�ILOHV\VWHP�WKDW�WKH�+$5�ILOH�LV�RQ�LV�WKH�GHIDXOW
ILOHV\VWHP��2Q�WKH�RWKHU�KDQG��LI�\RX�ZDQW�WR�UHIHU�WR�D�+$5�ILOH�RQ�D�GLIIHUHQW�ILOHV\VWHP�
\RX�QHHG�WR�XVH�D�GLIIHUHQW�IRUP�RI�WKH�SDWK�85,��7KHVH�WZR�FRPPDQGV�KDYH�WKH�VDPH
HIIHFW��IRU�H[DPSOH�

% hadoop fs -lsr har:///my/files.har/my/files/dir
% hadoop fs -lsr har://hdfs-localhost:8020/my/files.har/my/files/dir

1RWLFH�LQ�WKH�VHFRQG�IRUP�WKDW�WKH�VFKHPH�LV�VWLOO�KDU�WR�VLJQLI\�D�+$5�ILOHV\VWHP��EXW
WKH�DXWKRULW\�LV�KGIV�WR�VSHFLI\�WKH�XQGHUO\LQJ�ILOHV\VWHP¦V�VFKHPH��IROORZHG�E\�D�GDVK
DQG�WKH�+')6�KRVW��ORFDOKRVW��DQG�SRUW���������:H�FDQ�QRZ�VHH�ZK\�+$5�ILOHV�PXVW
KDYH�D��KDU�H[WHQVLRQ��7KH�+$5�ILOHV\VWHP�WUDQVODWHV�WKH�KDU�85,�LQWR�D�85,�IRU�WKH
XQGHUO\LQJ� ILOHV\VWHP�E\� ORRNLQJ�DW� WKH�DXWKRULW\�DQG�SDWK�XS�WR�DQG� LQFOXGLQJ�WKH
FRPSRQHQW�ZLWK� WKH� �KDU� H[WHQVLRQ�� ,Q� WKLV� FDVH�� LW� LV�KGIV���ORFDOKRVW������P\�ILOHV
�KDU��7KH�UHPDLQLQJ�SDUW�RI�WKH�SDWK�LV�WKH�SDWK�RI�WKH�ILOH�LQ�WKH�DUFKLYH���P\�ILOHV�GLU�

7R�GHOHWH�D�+$5�ILOH��\RX�QHHG�WR�XVH�WKH�UHFXUVLYH�IRUP�RI�GHOHWH�EHFDXVH�IURP�WKH
XQGHUO\LQJ�ILOHV\VWHP¦V�SRLQW�RI�YLHZ��WKH�+$5�ILOH�LV�D�GLUHFWRU\�

        % hadoop fs -rmr /my/files.har
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Limitations
7KHUH�DUH�D�IHZ�OLPLWDWLRQV�WR�EH�DZDUH�RI�ZLWK�+$5�ILOHV��&UHDWLQJ�DQ�DUFKLYH�FUHDWHV
D�FRS\�RI�WKH�RULJLQDO�ILOHV��VR�\RX�QHHG�DV�PXFK�GLVN�VSDFH�DV�WKH�ILOHV�\RX�DUH�DUFKLYLQJ
WR�FUHDWH�WKH�DUFKLYH��DOWKRXJK�\RX�FDQ�GHOHWH�WKH�RULJLQDOV�RQFH�\RX�KDYH�FUHDWHG�WKH
DUFKLYH���7KHUH�LV�FXUUHQWO\�QR�VXSSRUW�IRU�DUFKLYH�FRPSUHVVLRQ��DOWKRXJK�WKH�ILOHV�WKDW
JR�LQWR�WKH�DUFKLYH�FDQ�EH�FRPSUHVVHG��+$5�ILOHV�DUH�OLNH�WDU�ILOHV�LQ�WKLV�UHVSHFW��

$UFKLYHV�DUH�LPPXWDEOH�RQFH�WKH\�KDYH�EHHQ�FUHDWHG��7R�DGG�RU�UHPRYH�ILOHV��\RX�PXVW
UH�FUHDWH�WKH�DUFKLYH��,Q�SUDFWLFH��WKLV�LV�QRW�D�SUREOHP�IRU�ILOHV�WKDW�GRQ¦W�FKDQJH�DIWHU
EHLQJ�ZULWWHQ��VLQFH�WKH\�FDQ�EH�DUFKLYHG�LQ�EDWFKHV�RQ�D�UHJXODU�EDVLV��VXFK�DV�GDLO\�RU
ZHHNO\�

$V�QRWHG�HDUOLHU��+$5�ILOHV�FDQ�EH�XVHG�DV�LQSXW�WR�0DS5HGXFH��+RZHYHU��WKHUH�LV�QR
DUFKLYH�DZDUH�InputFormat�WKDW�FDQ�SDFN�PXOWLSOH�ILOHV�LQWR�D�VLQJOH�0DS5HGXFH�VSOLW�
VR�SURFHVVLQJ�ORWV�RI�VPDOO�ILOHV��HYHQ�LQ�D�+$5�ILOH��FDQ�VWLOO�EH�LQHIILFLHQW��£6PDOO�ILOHV
DQG� &RPELQH)LOH,QSXW)RUPDW¤� RQ� SDJH� ���� GLVFXVVHV� DQRWKHU� DSSURDFK� WR� WKLV
SUREOHP�

)LQDOO\��LI�\RX�DUH�KLWWLQJ�QDPHQRGH�PHPRU\�OLPLWV�HYHQ�DIWHU�WDNLQJ�VWHSV�WR�PLQLPL]H
WKH�QXPEHU�RI�VPDOO�ILOHV�LQ�WKH�V\VWHP��FRQVLGHU�XVLQJ�+')6�)HGHUDWLRQ�WR�VFDOH�WKH
QDPHVSDFH��VHH�£+')6�)HGHUDWLRQ¤�RQ�SDJH�����
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CHAPTER 4

Hadoop I/O

+DGRRS�FRPHV�ZLWK�D�VHW�RI�SULPLWLYHV�IRU�GDWD�,�2��6RPH�RI�WKHVH�DUH�WHFKQLTXHV�WKDW
DUH�PRUH�JHQHUDO�WKDQ�+DGRRS��VXFK�DV�GDWD�LQWHJULW\�DQG�FRPSUHVVLRQ��EXW�GHVHUYH
VSHFLDO�FRQVLGHUDWLRQ�ZKHQ�GHDOLQJ�ZLWK�PXOWLWHUDE\WH�GDWDVHWV��2WKHUV�DUH�+DGRRS
WRROV�RU�$3,V�WKDW�IRUP�WKH�EXLOGLQJ�EORFNV�IRU�GHYHORSLQJ�GLVWULEXWHG�V\VWHPV��VXFK�DV
VHULDOL]DWLRQ�IUDPHZRUNV�DQG�RQ�GLVN�GDWD�VWUXFWXUHV�

Data Integrity
8VHUV�RI�+DGRRS�ULJKWO\�H[SHFW�WKDW�QR�GDWD�ZLOO�EH�ORVW�RU�FRUUXSWHG�GXULQJ�VWRUDJH�RU
SURFHVVLQJ��+RZHYHU��EHFDXVH�HYHU\�,�2�RSHUDWLRQ�RQ�WKH�GLVN�RU�QHWZRUN�FDUULHV�ZLWK
LW�D�VPDOO�FKDQFH�RI�LQWURGXFLQJ�HUURUV�LQWR�WKH�GDWD�WKDW�LW�LV�UHDGLQJ�RU�ZULWLQJ��ZKHQ
WKH�YROXPHV�RI�GDWD�IORZLQJ�WKURXJK�WKH�V\VWHP�DUH�DV� ODUJH�DV�WKH�RQHV�+DGRRS�LV
FDSDEOH�RI�KDQGOLQJ��WKH�FKDQFH�RI�GDWD�FRUUXSWLRQ�RFFXUULQJ�LV�KLJK�

7KH�XVXDO�ZD\�RI�GHWHFWLQJ�FRUUXSWHG�GDWD�LV�E\�FRPSXWLQJ�D�FKHFNVXP�IRU�WKH�GDWD
ZKHQ�LW�ILUVW�HQWHUV�WKH�V\VWHP��DQG�DJDLQ�ZKHQHYHU�LW�LV�WUDQVPLWWHG�DFURVV�D�FKDQQHO
WKDW�LV�XQUHOLDEOH�DQG�KHQFH�FDSDEOH�RI�FRUUXSWLQJ�WKH�GDWD��7KH�GDWD�LV�GHHPHG�WR�EH
FRUUXSW�LI�WKH�QHZO\�JHQHUDWHG�FKHFNVXP�GRHVQ¦W�H[DFWO\�PDWFK�WKH�RULJLQDO��7KLV�WHFK�
QLTXH�GRHVQ¦W�RIIHU�DQ\�ZD\�WR�IL[�WKH�GDWD¢LW�LV�PHUHO\�HUURU�GHWHFWLRQ���$QG�WKLV�LV�D
UHDVRQ�IRU�QRW�XVLQJ�ORZ�HQG�KDUGZDUH��LQ�SDUWLFXODU��EH�VXUH�WR�XVH�(&&�PHPRU\��
1RWH�WKDW�LW�LV�SRVVLEOH�WKDW�LW¦V�WKH�FKHFNVXP�WKDW�LV�FRUUXSW��QRW�WKH�GDWD��EXW�WKLV�LV
YHU\�XQOLNHO\��EHFDXVH�WKH�FKHFNVXP�LV�PXFK�VPDOOHU�WKDQ�WKH�GDWD�

$�FRPPRQO\�XVHG�HUURU�GHWHFWLQJ�FRGH�LV�&5&�����F\FOLF�UHGXQGDQF\�FKHFN���ZKLFK
FRPSXWHV�D����ELW�LQWHJHU�FKHFNVXP�IRU�LQSXW�RI�DQ\�VL]H�

Data Integrity in HDFS
+')6�WUDQVSDUHQWO\�FKHFNVXPV�DOO�GDWD�ZULWWHQ�WR�LW�DQG�E\�GHIDXOW�YHULILHV�FKHFNVXPV
ZKHQ�UHDGLQJ�GDWD��$�VHSDUDWH�FKHFNVXP�LV�FUHDWHG�IRU�HYHU\�io.bytes.per.checksum
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E\WHV�RI�GDWD��7KH�GHIDXOW�LV�����E\WHV��DQG�EHFDXVH�D�&5&����FKHFNVXP�LV���E\WHV�ORQJ�
WKH�VWRUDJH�RYHUKHDG�LV�OHVV�WKDQ����

'DWDQRGHV�DUH�UHVSRQVLEOH�IRU�YHULI\LQJ�WKH�GDWD�WKH\�UHFHLYH�EHIRUH�VWRULQJ�WKH�GDWD
DQG�LWV�FKHFNVXP��7KLV�DSSOLHV�WR�GDWD�WKDW�WKH\�UHFHLYH�IURP�FOLHQWV�DQG�IURP�RWKHU
GDWDQRGHV�GXULQJ�UHSOLFDWLRQ��$�FOLHQW�ZULWLQJ�GDWD�VHQGV�LW�WR�D�SLSHOLQH�RI�GDWDQRGHV
�DV�H[SODLQHG�LQ�&KDSWHU�����DQG�WKH�ODVW�GDWDQRGH�LQ�WKH�SLSHOLQH�YHULILHV�WKH�FKHFNVXP�
,I� LW� GHWHFWV� DQ� HUURU�� WKH� FOLHQW� UHFHLYHV� D�ChecksumException�� D� VXEFODVV�RI�IOExcep
tion��ZKLFK�LW�VKRXOG�KDQGOH�LQ�DQ�DSSOLFDWLRQ�VSHFLILF�PDQQHU��IRU�H[DPSOH��E\�UHWU\LQJ
WKH�RSHUDWLRQ�

:KHQ�FOLHQWV�UHDG�GDWD�IURP�GDWDQRGHV��WKH\�YHULI\�FKHFNVXPV�DV�ZHOO��FRPSDULQJ�WKHP
ZLWK�WKH�RQHV�VWRUHG�DW�WKH�GDWDQRGH��(DFK�GDWDQRGH�NHHSV�D�SHUVLVWHQW�ORJ�RI�FKHFNVXP
YHULILFDWLRQV��VR�LW�NQRZV�WKH�ODVW�WLPH�HDFK�RI�LWV�EORFNV�ZDV�YHULILHG��:KHQ�D�FOLHQW
VXFFHVVIXOO\�YHULILHV�D�EORFN��LW�WHOOV�WKH�GDWDQRGH��ZKLFK�XSGDWHV�LWV�ORJ��.HHSLQJ�VWD�
WLVWLFV�VXFK�DV�WKHVH�LV�YDOXDEOH�LQ�GHWHFWLQJ�EDG�GLVNV�

$VLGH�IURP�EORFN�YHULILFDWLRQ�RQ�FOLHQW�UHDGV��HDFK�GDWDQRGH�UXQV�D�DataBlockScanner
LQ�D�EDFNJURXQG�WKUHDG�WKDW�SHULRGLFDOO\�YHULILHV�DOO�WKH�EORFNV�VWRUHG�RQ�WKH�GDWDQRGH�
7KLV�LV�WR�JXDUG�DJDLQVW�FRUUXSWLRQ�GXH�WR�£ELW�URW¤�LQ�WKH�SK\VLFDO�VWRUDJH�PHGLD��6HH
£'DWDQRGH� EORFN� VFDQQHU¤� RQ� SDJH� ���� IRU� GHWDLOV� RQ� KRZ� WR� DFFHVV� WKH� VFDQQHU
UHSRUWV�

%HFDXVH�+')6�VWRUHV�UHSOLFDV�RI�EORFNV��LW�FDQ�£KHDO¤�FRUUXSWHG�EORFNV�E\�FRS\LQJ�RQH
RI�WKH�JRRG�UHSOLFDV�WR�SURGXFH�D�QHZ��XQFRUUXSW�UHSOLFD��7KH�ZD\�WKLV�ZRUNV�LV�WKDW�LI
D�FOLHQW�GHWHFWV�DQ�HUURU�ZKHQ�UHDGLQJ�D�EORFN��LW�UHSRUWV�WKH�EDG�EORFN�DQG�WKH�GDWDQRGH
LW�ZDV�WU\LQJ�WR�UHDG�IURP�WR�WKH�QDPHQRGH�EHIRUH�WKURZLQJ�D�ChecksumException��7KH
QDPHQRGH�PDUNV�WKH�EORFN�UHSOLFD�DV�FRUUXSW�VR�LW�GRHVQ¦W�GLUHFW�FOLHQWV�WR�LW�RU�WU\�WR
FRS\�WKLV�UHSOLFD�WR�DQRWKHU�GDWDQRGH��,W�WKHQ�VFKHGXOHV�D�FRS\�RI�WKH�EORFN�WR�EH�UH�
SOLFDWHG�RQ�DQRWKHU�GDWDQRGH��VR�LWV�UHSOLFDWLRQ�IDFWRU�LV�EDFN�DW�WKH�H[SHFWHG�OHYHO�
2QFH�WKLV�KDV�KDSSHQHG��WKH�FRUUXSW�UHSOLFD�LV�GHOHWHG�

,W� LV�SRVVLEOH�WR�GLVDEOH�YHULILFDWLRQ�RI�FKHFNVXPV�E\�SDVVLQJ�false� WR�WKH�setVerify
Checksum()�PHWKRG�RQ�FileSystem�EHIRUH�XVLQJ�WKH�open()�PHWKRG�WR�UHDG�D�ILOH��7KH
VDPH�HIIHFW�LV�SRVVLEOH�IURP�WKH�VKHOO�E\�XVLQJ�WKH�-ignoreCrc�RSWLRQ�ZLWK�WKH�-get�RU
WKH�HTXLYDOHQW�-copyToLocal�FRPPDQG��7KLV�IHDWXUH�LV�XVHIXO�LI�\RX�KDYH�D�FRUUXSW�ILOH
WKDW�\RX�ZDQW�WR�LQVSHFW�VR�\RX�FDQ�GHFLGH�ZKDW�WR�GR�ZLWK�LW��)RU�H[DPSOH��\RX�PLJKW
ZDQW�WR�VHH�ZKHWKHU�LW�FDQ�EH�VDOYDJHG�EHIRUH�\RX�GHOHWH�LW�

LocalFileSystem
7KH�+DGRRS�LocalFileSystem�SHUIRUPV�FOLHQW�VLGH�FKHFNVXPPLQJ��7KLV�PHDQV� WKDW
ZKHQ�\RX�ZULWH�D�ILOH�FDOOHG�ILOHQDPH��WKH�ILOHV\VWHP�FOLHQW�WUDQVSDUHQWO\�FUHDWHV�D�KLGGHQ
ILOH���ILOHQDPH�FUF��LQ�WKH�VDPH�GLUHFWRU\�FRQWDLQLQJ�WKH�FKHFNVXPV�IRU�HDFK�FKXQN�RI
WKH�ILOH��/LNH�+')6��WKH�FKXQN�VL]H�LV�FRQWUROOHG�E\�WKH�io.bytes.per.checksum�SURSHUW\�
ZKLFK�GHIDXOWV�WR�����E\WHV��7KH�FKXQN�VL]H�LV�VWRUHG�DV�PHWDGDWD�LQ�WKH��FUF�ILOH��VR�WKH
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ILOH� FDQ� EH� UHDG� EDFN� FRUUHFWO\� HYHQ� LI� WKH� VHWWLQJ� IRU� WKH� FKXQN� VL]H� KDV� FKDQJHG�
&KHFNVXPV� DUH� YHULILHG� ZKHQ� WKH� ILOH� LV� UHDG�� DQG� LI� DQ� HUURU� LV� GHWHFWHG��
LocalFileSystem�WKURZV�D�ChecksumException�

&KHFNVXPV�DUH�IDLUO\�FKHDS�WR�FRPSXWH��LQ�-DYD��WKH\�DUH�LPSOHPHQWHG�LQ�QDWLYH�FRGH��
W\SLFDOO\�DGGLQJ�D�IHZ�SHUFHQW�RYHUKHDG�WR�WKH�WLPH�WR�UHDG�RU�ZULWH�D�ILOH�)RU�PRVW
DSSOLFDWLRQV��WKLV�LV�DQ�DFFHSWDEOH�SULFH�WR�SD\�IRU�GDWD�LQWHJULW\��,W�LV��KRZHYHU��SRVVLEOH
WR�GLVDEOH�FKHFNVXPV��W\SLFDOO\�ZKHQ�WKH�XQGHUO\LQJ�ILOHV\VWHP�VXSSRUWV�FKHFNVXPV
QDWLYHO\�� 7KLV� LV� DFFRPSOLVKHG� E\� XVLQJ� RawLocalFileSystem� LQ� SODFH� RI� Local
FileSystem�� 7R� GR� WKLV� JOREDOO\� LQ� DQ� DSSOLFDWLRQ�� LW� VXIILFHV� WR� UHPDS� WKH� LPSOH�
PHQWDWLRQ�IRU�ILOH�85,V�E\�VHWWLQJ�WKH�SURSHUW\�fs.file.impl�WR�WKH�YDOXH�org.apache.
hadoop.fs.RawLocalFileSystem��$OWHUQDWLYHO\��\RX�FDQ�GLUHFWO\�FUHDWH�D�RawLocalFile
System�LQVWDQFH��ZKLFK�PD\�EH�XVHIXO�LI�\RX�ZDQW�WR�GLVDEOH�FKHFNVXP�YHULILFDWLRQ�IRU
RQO\�VRPH�UHDGV��IRU�H[DPSOH�

Configuration conf = ... 
FileSystem fs = new RawLocalFileSystem();
fs.initialize(null, conf);

ChecksumFileSystem
LocalFileSystem�XVHV�ChecksumFileSystem�WR�GR�LWV�ZRUN��DQG�WKLV�FODVV�PDNHV�LW�HDV\
WR� DGG� FKHFNVXPPLQJ� WR� RWKHU� �QRQFKHFNVXPPHG�� ILOHV\VWHPV�� DV� Checksum
FileSystem�LV�MXVW�D�ZUDSSHU�DURXQG�FileSystem��7KH�JHQHUDO�LGLRP�LV�DV�IROORZV�

FileSystem rawFs = ... 
FileSystem checksummedFs = new ChecksumFileSystem(rawFs);

7KH�XQGHUO\LQJ�ILOHV\VWHP�LV�FDOOHG�WKH�UDZ�ILOHV\VWHP��DQG�PD\�EH�UHWULHYHG�XVLQJ�WKH�
getRawFileSystem()� PHWKRG� RQ� ChecksumFileSystem�� ChecksumFileSystem� KDV� D� IHZ
PRUH�XVHIXO�PHWKRGV�IRU�ZRUNLQJ�ZLWK�FKHFNVXPV��VXFK�DV�getChecksumFile()�IRU�JHW�
WLQJ�WKH�SDWK�RI�D�FKHFNVXP�ILOH�IRU�DQ\�ILOH��&KHFN�WKH�GRFXPHQWDWLRQ�IRU�WKH�RWKHUV�

,I� DQ� HUURU� LV� GHWHFWHG� E\� ChecksumFileSystem� ZKHQ� UHDGLQJ� D� ILOH�� LW� ZLOO� FDOO� LWV�
reportChecksumFailure()� PHWKRG�� 7KH� GHIDXOW� LPSOHPHQWDWLRQ� GRHV� QRWKLQJ�� EXW�
LocalFileSystem�PRYHV�WKH�RIIHQGLQJ�ILOH�DQG�LWV�FKHFNVXP�WR�D�VLGH�GLUHFWRU\�RQ�WKH
VDPH�GHYLFH�FDOOHG�EDGBILOHV��$GPLQLVWUDWRUV�VKRXOG�SHULRGLFDOO\�FKHFN�IRU�WKHVH�EDG
ILOHV�DQG�WDNH�DFWLRQ�RQ�WKHP�

Compression
)LOH�FRPSUHVVLRQ�EULQJV�WZR�PDMRU�EHQHILWV��LW�UHGXFHV�WKH�VSDFH�QHHGHG�WR�VWRUH�ILOHV�
DQG�LW�VSHHGV�XS�GDWD�WUDQVIHU�DFURVV�WKH�QHWZRUN�RU�WR�RU�IURP�GLVN��:KHQ�GHDOLQJ�ZLWK
ODUJH�YROXPHV�RI�GDWD��ERWK�RI�WKHVH�VDYLQJV�FDQ�EH�VLJQLILFDQW��VR�LW�SD\V�WR�FDUHIXOO\
FRQVLGHU�KRZ�WR�XVH�FRPSUHVVLRQ�LQ�+DGRRS�
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7KHUH�DUH�PDQ\�GLIIHUHQW�FRPSUHVVLRQ�IRUPDWV��WRROV�DQG�DOJRULWKPV��HDFK�ZLWK�GLIIHU�
HQW�FKDUDFWHULVWLFV��7DEOH�����OLVWV�VRPH�RI�WKH�PRUH�FRPPRQ�RQHV�WKDW�FDQ�EH�XVHG
ZLWK�+DGRRS�

7DEOH������$�VXPPDU\�RI�FRPSUHVVLRQ�IRUPDWV

Compression format Tool Algorithm Filename extension Splittable?

DEFLATEa N/A DEFLATE .deflate No

gzip gzip DEFLATE .gz No

bzip2 bzip2 bzip2 .bz2 Yes

LZO lzop LZO .lzo Nob

LZ4 N/A LZ4 .lz4 No

Snappy N/A Snappy .snappy No
a DEFLATE is a compression algorithm whose standard implementation is zlib. There is no commonly available command-line tool for

producing files in DEFLATE format, as gzip is normally used. (Note that the gzip file format is DEFLATE with extra headers and a footer.)
The .deflate filename extension is a Hadoop convention.

b However, LZO files are splittable if they have been indexed in a preprocessing step. See page 89.

$OO�FRPSUHVVLRQ�DOJRULWKPV�H[KLELW�D�VSDFH�WLPH�WUDGH�RII��IDVWHU�FRPSUHVVLRQ�DQG�GH�
FRPSUHVVLRQ�VSHHGV�XVXDOO\�FRPH�DW�WKH�H[SHQVH�RI�VPDOOHU�VSDFH�VDYLQJV��7KH�WRROV
OLVWHG�LQ�7DEOH�����W\SLFDOO\�JLYH�VRPH�FRQWURO�RYHU�WKLV�WUDGH�RII�DW�FRPSUHVVLRQ�WLPH
E\�RIIHULQJ�QLQH�GLIIHUHQW�RSWLRQV��–1�PHDQV�RSWLPL]H�IRU�VSHHG��DQG�-9�PHDQV�RSWLPL]H
IRU�VSDFH��)RU�H[DPSOH��WKH�IROORZLQJ�FRPPDQG�FUHDWHV�D�FRPSUHVVHG�ILOH�ILOH�J]�XVLQJ
WKH�IDVWHVW�FRPSUHVVLRQ�PHWKRG�

gzip -1 file

7KH�GLIIHUHQW�WRROV�KDYH�YHU\�GLIIHUHQW�FRPSUHVVLRQ�FKDUDFWHULVWLFV��*]LS�LV�D�JHQHUDO�
SXUSRVH�FRPSUHVVRU�DQG�VLWV� LQ� WKH�PLGGOH�RI� WKH� VSDFH�WLPH� WUDGH�RII��%]LS��FRP�
SUHVVHV�PRUH�HIIHFWLYHO\�WKDQ�J]LS��EXW�LV�VORZHU��%]LS�¦V�GHFRPSUHVVLRQ�VSHHG�LV�IDVWHU
WKDQ�LWV�FRPSUHVVLRQ�VSHHG��EXW�LW�LV�VWLOO�VORZHU�WKDQ�WKH�RWKHU�IRUPDWV��/=2��/=���DQG
6QDSS\��RQ�WKH�RWKHU�KDQG��DOO�RSWLPL]H�IRU�VSHHG�DQG�DUH�DURXQG�DQ�RUGHU�RI�PDJQLWXGH
IDVWHU�WKDQ�J]LS��EXW�FRPSUHVV�OHVV�HIIHFWLYHO\��6QDSS\�DQG�/=��DUH�DOVR�VLJQLILFDQWO\
IDVWHU�WKDQ�/=2�IRU�GHFRPSUHVVLRQ��

7KH�£6SOLWWDEOH¤�FROXPQ�LQ�7DEOH�����LQGLFDWHV�ZKHWKHU�WKH�FRPSUHVVLRQ�IRUPDW�VXS�
SRUWV�VSOLWWLQJ��WKDW�LV��ZKHWKHU�\RX�FDQ�VHHN�WR�DQ\�SRLQW�LQ�WKH�VWUHDP�DQG�VWDUW�UHDGLQJ
IURP�VRPH�SRLQW�IXUWKHU�RQ��6SOLWWDEOH�FRPSUHVVLRQ�IRUPDWV�DUH�HVSHFLDOO\�VXLWDEOH�IRU
0DS5HGXFH��VHH�£&RPSUHVVLRQ�DQG�,QSXW�6SOLWV¤�RQ�SDJH����IRU�IXUWKHU�GLVFXVVLRQ�

�� )RU� D� FRPSUHKHQVLYH� VHW� RI� FRPSUHVVLRQ� EHQFKPDUNV�� KWWSV���JLWKXE�FRP�QLQJ�MYP�FRPSUHVVRU
�EHQFKPDUN� LV� D� JRRG� UHIHUHQFH� IRU� -90�FRPSDWLEOH� OLEUDULHV� �LQFOXGHV� VRPH� QDWLYH� OLEUDULHV��� )RU
FRPPDQG�OLQH� WRROV�� VHH� -HII� *LOFKULVW¦V� $UFKLYH� &RPSDULVRQ� 7HVW� DW� KWWS���FRPSUHVVLRQ�FD�DFW�DFW
�VXPPDU\�KWPO�
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Codecs
$�FRGHF�LV�WKH�LPSOHPHQWDWLRQ�RI�D�FRPSUHVVLRQ�GHFRPSUHVVLRQ�DOJRULWKP��,Q�+DGRRS�
D�FRGHF�LV�UHSUHVHQWHG�E\�DQ�LPSOHPHQWDWLRQ�RI�WKH�CompressionCodec�LQWHUIDFH��6R��IRU
H[DPSOH��GzipCodec�HQFDSVXODWHV�WKH�FRPSUHVVLRQ�DQG�GHFRPSUHVVLRQ�DOJRULWKP�IRU
J]LS��7DEOH�����OLVWV�WKH�FRGHFV�WKDW�DUH�DYDLODEOH�IRU�+DGRRS�

7DEOH������+DGRRS�FRPSUHVVLRQ�FRGHFV

Compression format Hadoop CompressionCodec

DEFLATE org.apache.hadoop.io.compress.DefaultCodec

gzip org.apache.hadoop.io.compress.GzipCodec

bzip2 org.apache.hadoop.io.compress.BZip2Codec

LZO com.hadoop.compression.lzo.LzopCodec

LZ4 org.apache.hadoop.io.compress.Lz4Codec

Snappy org.apache.hadoop.io.compress.SnappyCodec

7KH�/=2�OLEUDULHV�DUH�*3/�OLFHQVHG�DQG�PD\�QRW�EH�LQFOXGHG�LQ�$SDFKH�GLVWULEXWLRQV�
VR�IRU�WKLV�UHDVRQ�WKH�+DGRRS�FRGHFV�PXVW�EH�GRZQORDGHG�VHSDUDWHO\�IURP�KWWS���FRGH
�JRRJOH�FRP�S�KDGRRS�JSO�FRPSUHVVLRQ�� �RU� KWWS���JLWKXE�FRP�NHYLQZHLO�KDGRRS�O]R�
ZKLFK�LQFOXGHV�EXJ�IL[HV�DQG�PRUH�WRROV���7KH�LzopCodec�LV�FRPSDWLEOH�ZLWK�WKH�lzop
WRRO��ZKLFK�LV�HVVHQWLDOO\�WKH�/=2�IRUPDW�ZLWK�H[WUD�KHDGHUV��DQG�LV�WKH�RQH�\RX�QRU�
PDOO\�ZDQW��7KHUH�LV�DOVR�D�LzoCodec�IRU�WKH�SXUH�/=2�IRUPDW��ZKLFK�XVHV�WKH��O]RBGH�
IODWH� ILOHQDPH� H[WHQVLRQ� �E\� DQDORJ\� ZLWK� '()/$7(�� ZKLFK� LV� J]LS� ZLWKRXW� WKH
KHDGHUV��

Compressing and decompressing streams with CompressionCodec
CompressionCodec�KDV�WZR�PHWKRGV�WKDW�DOORZ�\RX�WR�HDVLO\�FRPSUHVV�RU�GHFRPSUHVV
GDWD�� 7R� FRPSUHVV� GDWD� EHLQJ� ZULWWHQ� WR� DQ� RXWSXW� VWUHDP�� XVH� WKH� createOutput
Stream(OutputStream out)�PHWKRG�WR�FUHDWH�D�CompressionOutputStream�WR�ZKLFK�\RX
ZULWH�\RXU�XQFRPSUHVVHG�GDWD�WR�KDYH�LW�ZULWWHQ�LQ�FRPSUHVVHG�IRUP�WR�WKH�XQGHUO\LQJ
VWUHDP�� &RQYHUVHO\�� WR� GHFRPSUHVV� GDWD� EHLQJ� UHDG� IURP� DQ� LQSXW� VWUHDP�� FDOO
createInputStream(InputStream in)�WR�REWDLQ�D�CompressionInputStream��ZKLFK�DOORZV
\RX�WR�UHDG�XQFRPSUHVVHG�GDWD�IURP�WKH�XQGHUO\LQJ�VWUHDP�

CompressionOutputStream� DQG� CompressionInputStream� DUH� VLPLODU� WR� java.util.
zip.DeflaterOutputStream�DQG�java.util.zip.DeflaterInputStream��H[FHSW�WKDW�ERWK
RI�WKH�IRUPHU�SURYLGH�WKH�DELOLW\�WR�UHVHW�WKHLU�XQGHUO\LQJ�FRPSUHVVRU�RU�GHFRPSUHVVRU�
ZKLFK�LV�LPSRUWDQW�IRU�DSSOLFDWLRQV�WKDW�FRPSUHVV�VHFWLRQV�RI�WKH�GDWD�VWUHDP�DV�VHSD�
UDWH�EORFNV��VXFK�DV�SequenceFile��GHVFULEHG�LQ�£6HTXHQFH)LOH¤�RQ�SDJH�����

([DPSOH�����LOOXVWUDWHV�KRZ�WR�XVH�WKH�$3,�WR�FRPSUHVV�GDWD�UHDG�IURP�VWDQGDUG�LQSXW
DQG�ZULWH�LW�WR�VWDQGDUG�RXWSXW�
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([DPSOH������$�SURJUDP�WR�FRPSUHVV�GDWD�UHDG�IURP�VWDQGDUG�LQSXW�DQG�ZULWH�LW�WR�VWDQGDUG�RXWSXW

public class StreamCompressor {

  public static void main(String[] args) throws Exception {
    String codecClassname = args[0];
    Class<?> codecClass = Class.forName(codecClassname);
    Configuration conf = new Configuration();
    CompressionCodec codec = (CompressionCodec)
      ReflectionUtils.newInstance(codecClass, conf);
    
    CompressionOutputStream out = codec.createOutputStream(System.out);
    IOUtils.copyBytes(System.in, out, 4096, false);
    out.finish();
  }
}

7KH�DSSOLFDWLRQ�H[SHFWV�WKH�IXOO\�TXDOLILHG�QDPH�RI�WKH�CompressionCodec�LPSOHPHQWD�
WLRQ�DV�WKH�ILUVW�FRPPDQG�OLQH�DUJXPHQW��:H�XVH�ReflectionUtils�WR�FRQVWUXFW�D�QHZ
LQVWDQFH�RI�WKH�FRGHF��WKHQ�REWDLQ�D�FRPSUHVVLRQ�ZUDSSHU�DURXQG�System.out��7KHQ�ZH
FDOO�WKH�XWLOLW\�PHWKRG�copyBytes()�RQ�IOUtils�WR�FRS\�WKH�LQSXW�WR�WKH�RXWSXW��ZKLFK
LV� FRPSUHVVHG� E\� WKH� CompressionOutputStream�� )LQDOO\�� ZH� FDOO� finish()� RQ�
CompressionOutputStream��ZKLFK� WHOOV� WKH� FRPSUHVVRU� WR� ILQLVK�ZULWLQJ� WR� WKH� FRP�
SUHVVHG� VWUHDP��EXW�GRHVQ¦W� FORVH� WKH� VWUHDP��:H�FDQ� WU\� LW�RXW�ZLWK� WKH� IROORZLQJ
FRPPDQG�OLQH��ZKLFK�FRPSUHVVHV�WKH�VWULQJ�£7H[W¤�XVLQJ�WKH�StreamCompressor�SUR�
JUDP�ZLWK�WKH�GzipCodec��WKHQ�GHFRPSUHVVHV�LW�IURP�VWDQGDUG�LQSXW�XVLQJ�JXQ]LS�

% echo "Text" | hadoop StreamCompressor org.apache.hadoop.io.compress.GzipCodec \
  | gunzip -
Text

Inferring CompressionCodecs using CompressionCodecFactory
,I�\RX�DUH�UHDGLQJ�D�FRPSUHVVHG�ILOH��QRUPDOO\�\RX�FDQ�LQIHU�ZKLFK�FRGHF�WR�XVH�E\
ORRNLQJ�DW�LWV�ILOHQDPH�H[WHQVLRQ��$�ILOH�HQGLQJ�LQ��J]�FDQ�EH�UHDG�ZLWK�GzipCodec��DQG
VR�RQ��7KH�H[WHQVLRQ�IRU�HDFK�FRPSUHVVLRQ�IRUPDW�LV�OLVWHG�LQ�7DEOH�����

CompressionCodecFactory� SURYLGHV� D� ZD\� RI� PDSSLQJ� D� ILOHQDPH� H[WHQVLRQ� WR� D�
CompressionCodec�XVLQJ�LWV�getCodec()�PHWKRG��ZKLFK�WDNHV�D�Path�REMHFW�IRU�WKH�ILOH�LQ
TXHVWLRQ��([DPSOH�����VKRZV�DQ�DSSOLFDWLRQ�WKDW�XVHV�WKLV�IHDWXUH�WR�GHFRPSUHVV�ILOHV�

([DPSOH� ����� $� SURJUDP� WR� GHFRPSUHVV� D� FRPSUHVVHG� ILOH� XVLQJ� D� FRGHF� LQIHUUHG� IURP� WKH� ILOH¦V
H[WHQVLRQ

public class FileDecompressor {

  public static void main(String[] args) throws Exception {
    String uri = args[0];
    Configuration conf = new Configuration();
    FileSystem fs = FileSystem.get(URI.create(uri), conf);
    
    Path inputPath = new Path(uri);
    CompressionCodecFactory factory = new CompressionCodecFactory(conf);
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    CompressionCodec codec = factory.getCodec(inputPath);
    if (codec == null) {
      System.err.println("No codec found for " + uri);
      System.exit(1);
    }

    String outputUri =
      CompressionCodecFactory.removeSuffix(uri, codec.getDefaultExtension());

    InputStream in = null;
    OutputStream out = null;
    try {
      in = codec.createInputStream(fs.open(inputPath));
      out = fs.create(new Path(outputUri));
      IOUtils.copyBytes(in, out, conf);
    } finally {
      IOUtils.closeStream(in);
      IOUtils.closeStream(out);
    }
  }
}

2QFH�WKH�FRGHF�KDV�EHHQ�IRXQG��LW�LV�XVHG�WR�VWULS�RII�WKH�ILOH�VXIIL[�WR�IRUP�WKH�RXWSXW
ILOHQDPH��YLD�WKH�removeSuffix()�VWDWLF�PHWKRG�RI�CompressionCodecFactory��� ,Q�WKLV
ZD\��D�ILOH�QDPHG�ILOH�J]�LV�GHFRPSUHVVHG�WR�ILOH�E\�LQYRNLQJ�WKH�SURJUDP�DV�IROORZV�

% hadoop FileDecompressor file.gz

CompressionCodecFactory� ILQGV� FRGHFV� IURP� D� OLVW� GHILQHG� E\� WKH� io.compression.
codecs�FRQILJXUDWLRQ�SURSHUW\��%\�GHIDXOW��WKLV�OLVWV�DOO�WKH�FRGHFV�SURYLGHG�E\�+DGRRS
�VHH�7DEOH�������VR�\RX�ZRXOG�QHHG�WR�DOWHU�LW�RQO\�LI�\RX�KDYH�D�FXVWRP�FRGHF�WKDW�\RX
ZLVK� WR� UHJLVWHU� �VXFK�DV� WKH�H[WHUQDOO\�KRVWHG�/=2�FRGHFV���(DFK�FRGHF�NQRZV� LWV
GHIDXOW�ILOHQDPH�H[WHQVLRQ��WKXV�SHUPLWWLQJ�CompressionCodecFactory�WR�VHDUFK�WKURXJK
WKH�UHJLVWHUHG�FRGHFV�WR�ILQG�D�PDWFK�IRU�D�JLYHQ�H[WHQVLRQ��LI�DQ\��

7DEOH������&RPSUHVVLRQ�FRGHF�SURSHUWLHV

Property name Type Default value Description

io.compression.codecs Comma-separated
Class names

org.apache.hadoop.io.
compress.DefaultCodec,
org.apache.hadoop.io.
compress.GzipCodec,
org.apache.hadoop.io.
compress.BZip2Codec

A list of the
CompressionCodec classes
for compression/
decompression

Native libraries
)RU� SHUIRUPDQFH�� LW� LV� SUHIHUDEOH� WR� XVH� D� QDWLYH� OLEUDU\� IRU� FRPSUHVVLRQ� DQG
GHFRPSUHVVLRQ��)RU�H[DPSOH��LQ�RQH�WHVW��XVLQJ�WKH�QDWLYH�J]LS�OLEUDULHV�UHGXFHG�GH�
FRPSUHVVLRQ�WLPHV�E\�XS�WR�����DQG�FRPSUHVVLRQ�WLPHV�E\�DURXQG������FRPSDUHG�WR
WKH�EXLOW�LQ�-DYD�LPSOHPHQWDWLRQ���7DEOH�����VKRZV�WKH�DYDLODELOLW\�RI�-DYD�DQG�QDWLYH
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LPSOHPHQWDWLRQV�IRU�HDFK�FRPSUHVVLRQ�IRUPDW��1RW�DOO�IRUPDWV�KDYH�QDWLYH�LPSOHPHQ�
WDWLRQV��E]LS���IRU�H[DPSOH���ZKHUHDV�RWKHUV�DUH�DYDLODEOH�RQO\�DV�D�QDWLYH�LPSOHPHQ�
WDWLRQ��/=2��IRU�H[DPSOH��

7DEOH������&RPSUHVVLRQ�OLEUDU\�LPSOHPHQWDWLRQV

Compression format Java implementation? Native implementation?

DEFLATE Yes Yes

gzip Yes Yes

bzip2 Yes No

LZO No Yes

LZ4 No Yes

Snappy No Yes

+DGRRS�FRPHV�ZLWK�SUHEXLOW�QDWLYH�FRPSUHVVLRQ�OLEUDULHV� IRU�����DQG����ELW�/LQX[�
ZKLFK�\RX�FDQ�ILQG�LQ�WKH�OLE�QDWLYH�GLUHFWRU\��)RU�RWKHU�SODWIRUPV��\RX�ZLOO�QHHG�WR
FRPSLOH�WKH�OLEUDULHV�\RXUVHOI��IROORZLQJ�WKH�LQVWUXFWLRQV�RQ�WKH�+DGRRS�ZLNL�DW�KWWS���
ZLNL�DSDFKH�RUJ�KDGRRS�1DWLYH+DGRRS�

7KH�QDWLYH�OLEUDULHV�DUH�SLFNHG�XS�XVLQJ�WKH�-DYD�V\VWHP�SURSHUW\�java.library.path�
7KH�KDGRRS�VFULSW�LQ�WKH�ELQ�GLUHFWRU\�VHWV�WKLV�SURSHUW\�IRU�\RX��EXW�LI�\RX�GRQ¦W�XVH
WKLV�VFULSW��\RX�ZLOO�QHHG�WR�VHW�WKH�SURSHUW\�LQ�\RXU�DSSOLFDWLRQ�

%\�GHIDXOW��+DGRRS�ORRNV�IRU�QDWLYH�OLEUDULHV�IRU�WKH�SODWIRUP�LW�LV�UXQQLQJ�RQ��DQG�ORDGV
WKHP�DXWRPDWLFDOO\�LI�WKH\�DUH�IRXQG��7KLV�PHDQV�\RX�GRQ¦W�KDYH�WR�FKDQJH�DQ\�FRQ�
ILJXUDWLRQ�VHWWLQJV�WR�XVH�WKH�QDWLYH�OLEUDULHV��,Q�VRPH�FLUFXPVWDQFHV��KRZHYHU��\RX�PD\
ZLVK�WR�GLVDEOH�XVH�RI�QDWLYH�OLEUDULHV��VXFK�DV�ZKHQ�\RX�DUH�GHEXJJLQJ�D�FRPSUHVVLRQ�
UHODWHG�SUREOHP��<RX�FDQ�DFKLHYH�WKLV�E\�VHWWLQJ�WKH�SURSHUW\�hadoop.native.lib� WR
false��ZKLFK�HQVXUHV�WKDW�WKH�EXLOW�LQ�-DYD�HTXLYDOHQWV�ZLOO�EH�XVHG��LI�WKH\�DUH�DYDLODEOH��

,I�\RX�DUH�XVLQJ�D�QDWLYH�OLEUDU\�DQG�\RX�DUH�GRLQJ�D�ORW�RI�FRPSUHVVLRQ�RU
GHFRPSUHVVLRQ�LQ�\RXU�DSSOLFDWLRQ��FRQVLGHU�XVLQJ�CodecPool��ZKLFK�DOORZV�\RX�WR�UH�
XVH� FRPSUHVVRUV� DQG� GHFRPSUHVVRUV�� WKHUHE\� DPRUWL]LQJ� WKH� FRVW� RI� FUHDWLQJ� WKHVH
REMHFWV�

7KH�FRGH�LQ�([DPSOH�����VKRZV�WKH�$3,��DOWKRXJK�LQ�WKLV�SURJUDP��ZKLFK�FUHDWHV�RQO\
D�VLQJOH�Compressor��WKHUH�LV�UHDOO\�QR�QHHG�WR�XVH�D�SRRO�

([DPSOH������$�SURJUDP�WR�FRPSUHVV�GDWD�UHDG�IURP�VWDQGDUG�LQSXW�DQG�ZULWH�LW�WR�VWDQGDUG�RXWSXW
XVLQJ�D�SRROHG�FRPSUHVVRU

public class PooledStreamCompressor {

  public static void main(String[] args) throws Exception {
    String codecClassname = args[0];
    Class<?> codecClass = Class.forName(codecClassname);
    Configuration conf = new Configuration();
    CompressionCodec codec = (CompressionCodec)

CodecPool.
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      ReflectionUtils.newInstance(codecClass, conf);
    Compressor compressor = null;
    try {
      compressor = CodecPool.getCompressor(codec);
      CompressionOutputStream out =
        codec.createOutputStream(System.out, compressor);
      IOUtils.copyBytes(System.in, out, 4096, false);
      out.finish();
    } finally {
      CodecPool.returnCompressor(compressor);
    }
  }
}

:H�UHWULHYH�D�Compressor�LQVWDQFH�IURP�WKH�SRRO�IRU�D�JLYHQ�CompressionCodec��ZKLFK
ZH�XVH�LQ�WKH�FRGHF¦V�RYHUORDGHG�createOutputStream()�PHWKRG��%\�XVLQJ�D�finally
EORFN�� ZH� HQVXUH� WKDW� WKH� FRPSUHVVRU� LV� UHWXUQHG� WR� WKH� SRRO� HYHQ� LI� WKHUH� LV� DQ�
IOException�ZKLOH�FRS\LQJ�WKH�E\WHV�EHWZHHQ�WKH�VWUHDPV�

Compression and Input Splits
:KHQ�FRQVLGHULQJ�KRZ�WR�FRPSUHVV�GDWD�WKDW�ZLOO�EH�SURFHVVHG�E\�0DS5HGXFH��LW�LV
LPSRUWDQW�WR�XQGHUVWDQG�ZKHWKHU�WKH�FRPSUHVVLRQ�IRUPDW�VXSSRUWV�VSOLWWLQJ��&RQVLGHU
DQ�XQFRPSUHVVHG�ILOH�VWRUHG�LQ�+')6�ZKRVH�VL]H�LV���*%��:LWK�DQ�+')6�EORFN�VL]H�RI
���0%��WKH�ILOH�ZLOO�EH�VWRUHG�DV����EORFNV��DQG�D�0DS5HGXFH�MRE�XVLQJ�WKLV�ILOH�DV�LQSXW
ZLOO�FUHDWH����LQSXW�VSOLWV��HDFK�SURFHVVHG�LQGHSHQGHQWO\�DV�LQSXW�WR�D�VHSDUDWH�PDS�WDVN�

,PDJLQH�QRZ�WKDW�WKH�ILOH�LV�D�J]LS�FRPSUHVVHG�ILOH�ZKRVH�FRPSUHVVHG�VL]H�LV���*%��$V
EHIRUH��+')6�ZLOO�VWRUH�WKH�ILOH�DV����EORFNV��+RZHYHU��FUHDWLQJ�D�VSOLW�IRU�HDFK�EORFN
ZRQ¦W�ZRUN��EHFDXVH�LW�LV�LPSRVVLEOH�WR�VWDUW�UHDGLQJ�DW�DQ�DUELWUDU\�SRLQW�LQ�WKH�J]LS
VWUHDP�DQG�WKHUHIRUH�LPSRVVLEOH�IRU�D�PDS�WDVN�WR�UHDG�LWV�VSOLW�LQGHSHQGHQWO\�RI�WKH
RWKHUV��7KH�J]LS�IRUPDW�XVHV�'()/$7(�WR�VWRUH�WKH�FRPSUHVVHG�GDWD��DQG�'()/$7(
VWRUHV�GDWD�DV�D�VHULHV�RI�FRPSUHVVHG�EORFNV��7KH�SUREOHP�LV�WKDW�WKH�VWDUW�RI�HDFK�EORFN
LV�QRW�GLVWLQJXLVKHG�LQ�DQ\�ZD\�WKDW�ZRXOG�DOORZ�D�UHDGHU�SRVLWLRQHG�DW�DQ�DUELWUDU\
SRLQW�LQ�WKH�VWUHDP�WR�DGYDQFH�WR�WKH�EHJLQQLQJ�RI�WKH�QH[W�EORFN��WKHUHE\�V\QFKURQL]LQJ
LWVHOI�ZLWK�WKH�VWUHDP��)RU�WKLV�UHDVRQ��J]LS�GRHV�QRW�VXSSRUW�VSOLWWLQJ�

,Q�WKLV�FDVH��0DS5HGXFH�ZLOO�GR�WKH�ULJKW�WKLQJ�DQG�QRW�WU\�WR�VSOLW�WKH�J]LSSHG�ILOH�
VLQFH�LW�NQRZV�WKDW�WKH�LQSXW�LV�J]LS�FRPSUHVVHG��E\�ORRNLQJ�DW�WKH�ILOHQDPH�H[WHQVLRQ�
DQG�WKDW�J]LS�GRHV�QRW�VXSSRUW�VSOLWWLQJ��7KLV�ZLOO�ZRUN��EXW�DW�WKH�H[SHQVH�RI�ORFDOLW\�
D�VLQJOH�PDS�ZLOO�SURFHVV�WKH����+')6�EORFNV��PRVW�RI�ZKLFK�ZLOO�QRW�EH�ORFDO�WR�WKH
PDS��$OVR��ZLWK�IHZHU�PDSV��WKH�MRE�LV�OHVV�JUDQXODU�DQG�VR�PD\�WDNH�ORQJHU�WR�UXQ�

,I� WKH� ILOH� LQ�RXU�K\SRWKHWLFDO� H[DPSOH�ZHUH� DQ�/=2� ILOH��ZH�ZRXOG�KDYH� WKH� VDPH
SUREOHP�EHFDXVH� WKH�XQGHUO\LQJ� FRPSUHVVLRQ� IRUPDW�GRHV�QRW�SURYLGH� D�ZD\� IRU� D
UHDGHU�WR�V\QFKURQL]H�LWVHOI�ZLWK�WKH�VWUHDP��+RZHYHU��LW�LV�SRVVLEOH�WR�SUHSURFHVV�/=2
ILOHV�XVLQJ�DQ�LQGH[HU�WRRO�WKDW�FRPHV�ZLWK�WKH�+DGRRS�/=2�OLEUDULHV��ZKLFK�\RX�FDQ
REWDLQ�IURP�WKH�VLWHV�OLVWHG�LQ�£&RGHFV¤�RQ�SDJH�����7KH�WRRO�EXLOGV�DQ�LQGH[�RI�VSOLW
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SRLQWV��HIIHFWLYHO\�PDNLQJ�WKHP�VSOLWWDEOH�ZKHQ�WKH�DSSURSULDWH�0DS5HGXFH�LQSXW�IRU�
PDW�LV�XVHG�

$�E]LS��ILOH��RQ�WKH�RWKHU�KDQG��GRHV�SURYLGH�D�V\QFKURQL]DWLRQ�PDUNHU�EHWZHHQ�EORFNV
�D����ELW�DSSUR[LPDWLRQ�RI�SL���VR�LW�GRHV�VXSSRUW�VSOLWWLQJ���7DEOH�����OLVWV�ZKHWKHU
HDFK�FRPSUHVVLRQ�IRUPDW�VXSSRUWV�VSOLWWLQJ��

Which Compression Format Should I Use?
+DGRRS�DSSOLFDWLRQV�SURFHVV�ODUJH�GDWDVHWV��VR�\RX�VKRXOG�VWULYH�WR�WDNH�DGYDQWDJH�RI
FRPSUHVVLRQ��:KLFK�FRPSUHVVLRQ�IRUPDW�\RX�XVH�GHSHQGV�RQ�VXFK�FRQVLGHUDWLRQV�DV
ILOH�VL]H��IRUPDW��DQG�WKH�WRROV�\RX�DUH�XVLQJ�IRU�SURFHVVLQJ��+HUH�DUH�VRPH�VXJJHVWLRQV�
DUUDQJHG�URXJKO\�LQ�RUGHU�RI�PRVW�WR�OHDVW�HIIHFWLYH�

� 8VH�D�FRQWDLQHU�ILOH�IRUPDW�VXFK�DV�6HTXHQFH�)LOH��SDJH�������5&)LOH��SDJH������
RU�$YUR�GDWDILOH��SDJH�������DOO�RI�ZKLFK�VXSSRUW�ERWK�FRPSUHVVLRQ�DQG�VSOLWWLQJ�
$�IDVW�FRPSUHVVRU�VXFK�DV�/=2��/=���RU�6QDSS\�LV�JHQHUDOO\�D�JRRG�FKRLFH�

� 8VH�D�FRPSUHVVLRQ�IRUPDW�WKDW�VXSSRUWV�VSOLWWLQJ��VXFK�DV�E]LS���DOWKRXJK�E]LS�
LV�IDLUO\�VORZ���RU�RQH�WKDW�FDQ�EH�LQGH[HG�WR�VXSSRUW�VSOLWWLQJ��VXFK�DV�/=2�

� 6SOLW�WKH�ILOH�LQWR�FKXQNV�LQ�WKH�DSSOLFDWLRQ��DQG�FRPSUHVV�HDFK�FKXQN�VHSDUDWHO\
XVLQJ�DQ\�VXSSRUWHG�FRPSUHVVLRQ�IRUPDW��LW�GRHVQ¦W�PDWWHU�ZKHWKHU�LW�LV�VSOLWWDEOH��
,Q�WKLV�FDVH��\RX�VKRXOG�FKRRVH�WKH�FKXQN�VL]H�VR�WKDW�WKH�FRPSUHVVHG�FKXQNV�DUH
DSSUR[LPDWHO\�WKH�VL]H�RI�DQ�+')6�EORFN�

� 6WRUH�WKH�ILOHV�XQFRPSUHVVHG�

)RU�ODUJH�ILOHV��\RX�VKRXOG�QRW�XVH�D�FRPSUHVVLRQ�IRUPDW�WKDW�GRHV�QRW�VXSSRUW�VSOLWWLQJ
RQ�WKH�ZKROH�ILOH��EHFDXVH�\RX�ORVH�ORFDOLW\�DQG�PDNH�0DS5HGXFH�DSSOLFDWLRQV�YHU\
LQHIILFLHQW�

Using Compression in MapReduce
$V� GHVFULEHG� LQ� £,QIHUULQJ� &RPSUHVVLRQ&RGHFV� XVLQJ� &RPSUHVVLRQ&RGHF)DF�
WRU\¤�RQ�SDJH�����LI�\RXU�LQSXW�ILOHV�DUH�FRPSUHVVHG��WKH\�ZLOO�EH�GHFRPSUHVVHG�DXWR�
PDWLFDOO\�DV�WKH\�DUH�UHDG�E\�0DS5HGXFH��XVLQJ�WKH�ILOHQDPH�H[WHQVLRQ�WR�GHWHUPLQH
ZKLFK�FRGHF�WR�XVH�

7R� FRPSUHVV� WKH� RXWSXW� RI� D� 0DS5HGXFH� MRE�� LQ� WKH� MRE� FRQILJXUDWLRQ�� VHW� WKH�
mapred.output.compress� SURSHUW\� WR� true� DQG� WKH� mapred.output.compression.codec
SURSHUW\�WR�WKH�FODVVQDPH�RI�WKH�FRPSUHVVLRQ�FRGHF�\RX�ZDQW�WR�XVH��$OWHUQDWLYHO\��\RX
FDQ�XVH�WKH�VWDWLF�FRQYHQLHQFH�PHWKRGV�RQ�FileOutputFormat�WR�VHW�WKHVH�SURSHUWLHV�DV
VKRZQ�LQ�([DPSOH�����

([DPSOH������$SSOLFDWLRQ�WR�UXQ�WKH�PD[LPXP�WHPSHUDWXUH�MRE�SURGXFLQJ�FRPSUHVVHG�RXWSXW

public class MaxTemperatureWithCompression {

  public static void main(String[] args) throws Exception {
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    if (args.length != 2) {
      System.err.println("Usage: MaxTemperatureWithCompression <input path> " +
        "<output path>");
      System.exit(-1);
    }

    Job job = new Job();
    job.setJarByClass(MaxTemperature.class);

    FileInputFormat.addInputPath(job, new Path(args[0]));
    FileOutputFormat.setOutputPath(job, new Path(args[1]));
    
    job.setOutputKeyClass(Text.class);
    job.setOutputValueClass(IntWritable.class);
    
    FileOutputFormat.setCompressOutput(job, true);
    FileOutputFormat.setOutputCompressorClass(job, GzipCodec.class);
    
    job.setMapperClass(MaxTemperatureMapper.class);
    job.setCombinerClass(MaxTemperatureReducer.class);
    job.setReducerClass(MaxTemperatureReducer.class);
    
    System.exit(job.waitForCompletion(true) ? 0 : 1);
  }
}

:H�UXQ�WKH�SURJUDP�RYHU�FRPSUHVVHG�LQSXW��ZKLFK�GRHVQ¦W�KDYH�WR�XVH�WKH�VDPH�FRP�
SUHVVLRQ�IRUPDW�DV�WKH�RXWSXW��DOWKRXJK�LW�GRHV�LQ�WKLV�H[DPSOH��DV�IROORZV�

% hadoop MaxTemperatureWithCompression input/ncdc/sample.txt.gz output

(DFK�SDUW�RI�WKH�ILQDO�RXWSXW�LV�FRPSUHVVHG��LQ�WKLV�FDVH��WKHUH�LV�D�VLQJOH�SDUW�

% gunzip -c output/part-r-00000.gz
1949    111
1950    22

,I�\RX�DUH�HPLWWLQJ�VHTXHQFH�ILOHV�IRU�\RXU�RXWSXW��\RX�FDQ�VHW�WKH�mapred.output.com
pression.type� SURSHUW\� WR� FRQWURO� WKH� W\SH� RI� FRPSUHVVLRQ� WR� XVH�� 7KH� GHIDXOW� LV
RECORD�� ZKLFK� FRPSUHVVHV� LQGLYLGXDO� UHFRUGV�� &KDQJLQJ� WKLV� WR� BLOCK�� ZKLFK
FRPSUHVVHV�JURXSV�RI�UHFRUGV��LV�UHFRPPHQGHG�EHFDXVH�LW�FRPSUHVVHV�EHWWHU��VHH�£7KH
6HTXHQFH)LOH�IRUPDW¤�RQ�SDJH������

7KHUH�LV�DOVR�D�VWDWLF�FRQYHQLHQFH�PHWKRG�RQ�SequenceFileOutputFormat�FDOOHG�setOut
putCompressionType()�WR�VHW�WKLV�SURSHUW\�

7KH�FRQILJXUDWLRQ�SURSHUWLHV�WR�VHW�FRPSUHVVLRQ�IRU�0DS5HGXFH�MRE�RXWSXWV�DUH�VXP�
PDUL]HG�LQ�7DEOH������,I�\RXU�0DS5HGXFH�GULYHU�XVHV�WKH�Tool�LQWHUIDFH��GHVFULEHG�LQ
£*HQHULF2SWLRQV3DUVHU��7RRO��DQG�7RRO5XQQHU¤�RQ�SDJH�������\RX�FDQ�SDVV�DQ\�RI
WKHVH�SURSHUWLHV�WR�WKH�SURJUDP�RQ�WKH�FRPPDQG�OLQH��ZKLFK�PD\�EH�PRUH�FRQYHQLHQW
WKDQ�PRGLI\LQJ�\RXU�SURJUDP�WR�KDUGFRGH�WKH�FRPSUHVVLRQ�SURSHUWLHV�
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7DEOH������0DS5HGXFH�FRPSUHVVLRQ�SURSHUWLHV

Property name Type Default value Description

mapred.output.com
press

boolean false Compress outputs

mapred.output.com
pression.
codec

Class name org.apache.hadoop.io.
compress.DefaultCodec

The compression codec to use for out-
puts

mapred.output.com
pression.
type

String RECORD The type of compression to use for Se-
quenceFile outputs: NONE, RECORD, or
BLOCK

Compressing map output
(YHQ�LI�\RXU�0DS5HGXFH�DSSOLFDWLRQ�UHDGV�DQG�ZULWHV�XQFRPSUHVVHG�GDWD��LW�PD\�EHQ�
HILW�IURP�FRPSUHVVLQJ�WKH�LQWHUPHGLDWH�RXWSXW�RI�WKH�PDS�SKDVH��6LQFH�WKH�PDS�RXWSXW
LV�ZULWWHQ�WR�GLVN�DQG�WUDQVIHUUHG�DFURVV�WKH�QHWZRUN�WR�WKH�UHGXFHU�QRGHV��E\�XVLQJ�D
IDVW�FRPSUHVVRU�VXFK�DV�/=2��/=���RU�6QDSS\��\RX�FDQ�JHW�SHUIRUPDQFH�JDLQV�VLPSO\
EHFDXVH�WKH�YROXPH�RI�GDWD�WR�WUDQVIHU�LV�UHGXFHG��7KH�FRQILJXUDWLRQ�SURSHUWLHV�WR�HQ�
DEOH�FRPSUHVVLRQ�IRU�PDS�RXWSXWV�DQG�WR�VHW�WKH�FRPSUHVVLRQ�IRUPDW�DUH�VKRZQ�LQ
7DEOH�����

7DEOH������0DS�RXWSXW�FRPSUHVVLRQ�SURSHUWLHV

Property name Type Default value Description

mapred.compress.map. output boolean false Compress map outputs

mapred.map.output.
compression.codec

Class org.apache.hadoop.io.
compress.DefaultCodec

The compression codec to use for
map outputs

+HUH�DUH�WKH�OLQHV�WR�DGG�WR�HQDEOH�J]LS�PDS�RXWSXW�FRPSUHVVLRQ�LQ�\RXU�MRE��XVLQJ�WKH
QHZ�$3,��

    Configuration conf = new Configuration();
    conf.setBoolean("mapred.compress.map.output", true);
    conf.setClass("mapred.map.output.compression.codec", GzipCodec.class,
        CompressionCodec.class);
    Job job = new Job(conf);

,Q�WKH�ROG�$3,��WKHUH�DUH�FRQYHQLHQFH�PHWKRGV�RQ�WKH�JobConf�REMHFW�IRU�GRLQJ�WKH�VDPH
WKLQJ�

    conf.setCompressMapOutput(true);
    conf.setMapOutputCompressorClass(GzipCodec.class);
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Serialization
6HULDOL]DWLRQ�LV�WKH�SURFHVV�RI�WXUQLQJ�VWUXFWXUHG�REMHFWV�LQWR�D�E\WH�VWUHDP�IRU�WUDQV�
PLVVLRQ�RYHU�D�QHWZRUN�RU�IRU�ZULWLQJ�WR�SHUVLVWHQW�VWRUDJH��'HVHULDOL]DWLRQ�LV�WKH�UHYHUVH
SURFHVV�RI�WXUQLQJ�D�E\WH�VWUHDP�EDFN�LQWR�D�VHULHV�RI�VWUXFWXUHG�REMHFWV�

6HULDOL]DWLRQ� DSSHDUV� LQ� WZR� TXLWH� GLVWLQFW� DUHDV� RI� GLVWULEXWHG� GDWD� SURFHVVLQJ�� IRU
LQWHUSURFHVV�FRPPXQLFDWLRQ�DQG�IRU�SHUVLVWHQW�VWRUDJH�

,Q�+DGRRS��LQWHUSURFHVV�FRPPXQLFDWLRQ�EHWZHHQ�QRGHV�LQ�WKH�V\VWHP�LV�LPSOHPHQWHG
XVLQJ�UHPRWH�SURFHGXUH�FDOOV��53&V���7KH�53&�SURWRFRO�XVHV�VHULDOL]DWLRQ�WR�UHQGHU�WKH
PHVVDJH�LQWR�D�ELQDU\�VWUHDP�WR�EH�VHQW�WR�WKH�UHPRWH�QRGH��ZKLFK�WKHQ�GHVHULDOL]HV�WKH
ELQDU\�VWUHDP�LQWR�WKH�RULJLQDO�PHVVDJH��,Q�JHQHUDO��LW�LV�GHVLUDEOH�WKDW�DQ�53&�VHULDOL�
]DWLRQ�IRUPDW�LV�

&RPSDFW
$�FRPSDFW�IRUPDW�PDNHV�WKH�EHVW�XVH�RI�QHWZRUN�EDQGZLGWK��ZKLFK�LV�WKH�PRVW
VFDUFH�UHVRXUFH�LQ�D�GDWD�FHQWHU�

)DVW
,QWHUSURFHVV�FRPPXQLFDWLRQ�IRUPV�WKH�EDFNERQH�IRU�D�GLVWULEXWHG�V\VWHP��VR�LW�LV
HVVHQWLDO�WKDW�WKHUH�LV�DV�OLWWOH�SHUIRUPDQFH�RYHUKHDG�DV�SRVVLEOH�IRU�WKH�VHULDOL]DWLRQ
DQG�GHVHULDOL]DWLRQ�SURFHVV�

([WHQVLEOH
3URWRFROV� FKDQJH� RYHU� WLPH� WR� PHHW� QHZ� UHTXLUHPHQWV�� VR� LW� VKRXOG� EH
VWUDLJKWIRUZDUG� WR� HYROYH� WKH� SURWRFRO� LQ� D� FRQWUROOHG� PDQQHU� IRU� FOLHQWV� DQG
VHUYHUV��)RU�H[DPSOH��LW�VKRXOG�EH�SRVVLEOH�WR�DGG�D�QHZ�DUJXPHQW�WR�D�PHWKRG�FDOO
DQG�KDYH�WKH�QHZ�VHUYHUV�DFFHSW�PHVVDJHV�LQ�WKH�ROG�IRUPDW��ZLWKRXW�WKH�QHZ�DU�
JXPHQW��IURP�ROG�FOLHQWV�

,QWHURSHUDEOH
)RU�VRPH�V\VWHPV��LW�LV�GHVLUDEOH�WR�EH�DEOH�WR�VXSSRUW�FOLHQWV�WKDW�DUH�ZULWWHQ�LQ
GLIIHUHQW�ODQJXDJHV�WR�WKH�VHUYHU��VR�WKH�IRUPDW�QHHGV�WR�EH�GHVLJQHG�WR�PDNH�WKLV
SRVVLEOH�

2Q�WKH�IDFH�RI�LW��WKH�GDWD�IRUPDW�FKRVHQ�IRU�SHUVLVWHQW�VWRUDJH�ZRXOG�KDYH�GLIIHUHQW
UHTXLUHPHQWV�IURP�D�VHULDOL]DWLRQ�IUDPHZRUN��$IWHU�DOO��WKH�OLIHVSDQ�RI�DQ�53&�LV�OHVV
WKDQ�D�VHFRQG��ZKHUHDV�SHUVLVWHQW�GDWD�PD\�EH�UHDG�\HDUV�DIWHU�LW�ZDV�ZULWWHQ��$V�LW�WXUQV
RXW��WKH�IRXU�GHVLUDEOH�SURSHUWLHV�RI�DQ�53&¦V�VHULDOL]DWLRQ�IRUPDW�DUH�DOVR�FUXFLDO�IRU�D
SHUVLVWHQW�VWRUDJH�IRUPDW��:H�ZDQW�WKH�VWRUDJH�IRUPDW�WR�EH�FRPSDFW��WR�PDNH�HIILFLHQW
XVH�RI�VWRUDJH�VSDFH���IDVW��VR�WKH�RYHUKHDG�LQ�UHDGLQJ�RU�ZULWLQJ�WHUDE\WHV�RI�GDWD�LV
PLQLPDO���H[WHQVLEOH��VR�ZH�FDQ�WUDQVSDUHQWO\�UHDG�GDWD�ZULWWHQ�LQ�DQ�ROGHU�IRUPDW��
DQG�LQWHURSHUDEOH��VR�ZH�FDQ�UHDG�RU�ZULWH�SHUVLVWHQW�GDWD�XVLQJ�GLIIHUHQW�ODQJXDJHV��

+DGRRS�XVHV�LWV�RZQ�VHULDOL]DWLRQ�IRUPDW��:ULWDEOHV��ZKLFK�LV�FHUWDLQO\�FRPSDFW�DQG
IDVW��EXW�QRW�VR�HDV\�WR�H[WHQG�RU�XVH�IURP�ODQJXDJHV�RWKHU�WKDQ�-DYD��%HFDXVH�:ULWDEOHV
DUH�FHQWUDO�WR�+DGRRS��PRVW�0DS5HGXFH�SURJUDPV�XVH�WKHP�IRU�WKHLU�NH\�DQG�YDOXH
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W\SHV���ZH�ORRN�DW�WKHP�LQ�VRPH�GHSWK�LQ�WKH�QH[W�WKUHH�VHFWLRQV��EHIRUH�ORRNLQJ�DW
VHULDOL]DWLRQ�IUDPHZRUNV�LQ�JHQHUDO�DQG�WKHQ�$YUR��D�VHULDOL]DWLRQ�V\VWHP�WKDW�ZDV�GH�
VLJQHG�WR�RYHUFRPH�VRPH�RI�WKH�OLPLWDWLRQV�RI�:ULWDEOHV��LQ�PRUH�GHWDLO�

The Writable Interface
7KH�:ULWDEOH�LQWHUIDFH�GHILQHV�WZR�PHWKRGV��RQH�IRU�ZULWLQJ�LWV�VWDWH�WR�D�DataOutput
ELQDU\�VWUHDP�DQG�RQH�IRU�UHDGLQJ�LWV�VWDWH�IURP�D�DataInput�ELQDU\�VWUHDP�

package org.apache.hadoop.io;
    
import java.io.DataOutput;
import java.io.DataInput;
import java.io.IOException;

public interface Writable {
  void write(DataOutput out) throws IOException;
  void readFields(DataInput in) throws IOException;
}

/HW¦V� ORRN� DW� D� SDUWLFXODU� Writable� WR� VHH� ZKDW� ZH� FDQ� GR� ZLWK� LW�� :H� ZLOO� XVH�
IntWritable��D�ZUDSSHU�IRU�D�-DYD�int��:H�FDQ�FUHDWH�RQH�DQG�VHW�LWV�YDOXH�XVLQJ�WKH�
set()�PHWKRG�

    IntWritable writable = new IntWritable();
    writable.set(163);

(TXLYDOHQWO\��ZH�FDQ�XVH�WKH�FRQVWUXFWRU�WKDW�WDNHV�WKH�LQWHJHU�YDOXH�

    IntWritable writable = new IntWritable(163);

7R�H[DPLQH�WKH�VHULDOL]HG�IRUP�RI�WKH�IntWritable��ZH�ZULWH�D�VPDOO�KHOSHU�PHWKRG�WKDW
ZUDSV�D�java.io.ByteArrayOutputStream�LQ�D�java.io.DataOutputStream��DQ�LPSOHPHQ�
WDWLRQ�RI�java.io.DataOutput��WR�FDSWXUH�WKH�E\WHV�LQ�WKH�VHULDOL]HG�VWUHDP�

  public static byte[] serialize(Writable writable) throws IOException {
    ByteArrayOutputStream out = new ByteArrayOutputStream();
    DataOutputStream dataOut = new DataOutputStream(out);
    writable.write(dataOut);
    dataOut.close();
    return out.toByteArray();
  }

$Q�LQWHJHU�LV�ZULWWHQ�XVLQJ�IRXU�E\WHV��DV�ZH�VHH�XVLQJ�-8QLW���DVVHUWLRQV��

    byte[] bytes = serialize(writable);
    assertThat(bytes.length, is(4));

7KH�E\WHV�DUH�ZULWWHQ�LQ�ELJ�HQGLDQ�RUGHU��VR�WKH�PRVW�VLJQLILFDQW�E\WH�LV�ZULWWHQ�WR�WKH
VWUHDP�ILUVW��ZKLFK�LV�GLFWDWHG�E\�WKH�java.io.DataOutput� LQWHUIDFH���DQG�ZH�FDQ�VHH
WKHLU�KH[DGHFLPDO�UHSUHVHQWDWLRQ�E\�XVLQJ�D�PHWKRG�RQ�+DGRRS¦V�StringUtils�

    assertThat(StringUtils.byteToHexString(bytes), is("000000a3"));
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/HW¦V�WU\�GHVHULDOL]DWLRQ��$JDLQ��ZH�FUHDWH�D�KHOSHU�PHWKRG�WR�UHDG�D�Writable�REMHFW
IURP�D�E\WH�DUUD\�

  public static byte[] deserialize(Writable writable, byte[] bytes)
      throws IOException {
    ByteArrayInputStream in = new ByteArrayInputStream(bytes);
    DataInputStream dataIn = new DataInputStream(in);
    writable.readFields(dataIn);
    dataIn.close();
    return bytes;
  }

:H�FRQVWUXFW�D�QHZ��YDOXH�OHVV�IntWritable��DQG�WKHQ�FDOO�deserialize()�WR�UHDG�IURP
WKH�RXWSXW�GDWD�WKDW�ZH�MXVW�ZURWH��7KHQ�ZH�FKHFN�WKDW�LWV�YDOXH��UHWULHYHG�XVLQJ�WKH�
get()�PHWKRG��LV�WKH�RULJLQDO�YDOXH������

    IntWritable newWritable = new IntWritable();
    deserialize(newWritable, bytes);
    assertThat(newWritable.get(), is(163));

WritableComparable and comparators
IntWritable�LPSOHPHQWV�WKH�WritableComparable�LQWHUIDFH��ZKLFK�LV�MXVW�D�VXELQWHUIDFH
RI�WKH�Writable�DQG�java.lang.Comparable�LQWHUIDFHV�

package org.apache.hadoop.io;
     
public interface WritableComparable<T> extends Writable, Comparable<T> {
}

&RPSDULVRQ�RI�W\SHV�LV�FUXFLDO�IRU�0DS5HGXFH��ZKHUH�WKHUH�LV�D�VRUWLQJ�SKDVH�GXULQJ
ZKLFK�NH\V�DUH�FRPSDUHG�ZLWK�RQH�DQRWKHU��2QH�RSWLPL]DWLRQ�WKDW�+DGRRS�SURYLGHV
LV�WKH�RawComparator�H[WHQVLRQ�RI�-DYD¦V�Comparator�

package org.apache.hadoop.io;
     
import java.util.Comparator;

public interface RawComparator<T> extends Comparator<T> {
     
  public int compare(byte[] b1, int s1, int l1, byte[] b2, int s2, int l2);
     
}

7KLV�LQWHUIDFH�SHUPLWV�LPSOHPHQWRUV�WR�FRPSDUH�UHFRUGV�UHDG�IURP�D�VWUHDP�ZLWKRXW
GHVHULDOL]LQJ�WKHP�LQWR�REMHFWV��WKHUHE\�DYRLGLQJ�DQ\�RYHUKHDG�RI�REMHFW�FUHDWLRQ��)RU
H[DPSOH��WKH�FRPSDUDWRU�IRU�IntWritableV�LPSOHPHQWV�WKH�UDZ�compare()�PHWKRG�E\
UHDGLQJ�DQ�LQWHJHU�IURP�HDFK�RI�WKH�E\WH�DUUD\V�b1�DQG�b2�DQG�FRPSDULQJ�WKHP�GLUHFWO\
IURP�WKH�JLYHQ�VWDUW�SRVLWLRQV��s1�DQG�s2��DQG�OHQJWKV��l1�DQG�l2��

WritableComparator� LV� D� JHQHUDO�SXUSRVH� LPSOHPHQWDWLRQ� RI� RawComparator� IRU�
WritableComparable�FODVVHV��,W�SURYLGHV�WZR�PDLQ�IXQFWLRQV��)LUVW��LW�SURYLGHV�D�GHIDXOW
LPSOHPHQWDWLRQ�RI�WKH�UDZ�compare()�PHWKRG�WKDW�GHVHULDOL]HV�WKH�REMHFWV�WR�EH�FRP�
SDUHG�IURP�WKH�VWUHDP�DQG�LQYRNHV�WKH�REMHFW�compare()�PHWKRG��6HFRQG��LW�DFWV�DV�D
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IDFWRU\�IRU�RawComparator�LQVWDQFHV��WKDW�Writable�LPSOHPHQWDWLRQV�KDYH�UHJLVWHUHG��
)RU�H[DPSOH��WR�REWDLQ�D�FRPSDUDWRU�IRU�IntWritable��ZH�MXVW�XVH�

    RawComparator<IntWritable> comparator = WritableComparator.get(IntWritable.class);

7KH�FRPSDUDWRU�FDQ�EH�XVHG�WR�FRPSDUH�WZR�IntWritable�REMHFWV�

    IntWritable w1 = new IntWritable(163);
    IntWritable w2 = new IntWritable(67);
    assertThat(comparator.compare(w1, w2), greaterThan(0));

RU�WKHLU�VHULDOL]HG�UHSUHVHQWDWLRQV�

    byte[] b1 = serialize(w1);
    byte[] b2 = serialize(w2);
    assertThat(comparator.compare(b1, 0, b1.length, b2, 0, b2.length),
        greaterThan(0));

Writable Classes
+DGRRS�FRPHV�ZLWK�D�ODUJH�VHOHFWLRQ�RI�Writable�FODVVHV�LQ�WKH�org.apache.hadoop.io
SDFNDJH��7KH\�IRUP�WKH�FODVV�KLHUDUFK\�VKRZQ�LQ�)LJXUH�����

Writable wrappers for Java primitives
7KHUH�DUH�Writable�ZUDSSHUV�IRU�DOO�WKH�-DYD�SULPLWLYH�W\SHV��VHH�7DEOH������H[FHSW�
char��ZKLFK�FDQ�EH�VWRUHG�LQ�DQ�IntWritable���$OO�KDYH�D�get()�DQG�set()�PHWKRG�IRU
UHWULHYLQJ�DQG�VWRULQJ�WKH�ZUDSSHG�YDOXH�

7DEOH������:ULWDEOH�ZUDSSHU�FODVVHV�IRU�-DYD�SULPLWLYHV

Java primitive Writable implementation Serialized size (bytes)

boolean BooleanWritable 1

byte ByteWritable 1

short ShortWritable 2

int IntWritable 4

 VIntWritable 1–5

float FloatWritable 4

long LongWritable 8

 VLongWritable 1–9

double DoubleWritable 8
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)LJXUH������:ULWDEOH�FODVV�KLHUDUFK\

:KHQ�LW�FRPHV�WR�HQFRGLQJ�LQWHJHUV��WKHUH�LV�D�FKRLFH�EHWZHHQ�WKH�IL[HG�OHQJWK�IRUPDWV
�IntWritable� DQG� LongWritable�� DQG� WKH� YDULDEOH�OHQJWK� IRUPDWV� �VIntWritable� DQG
VLongWritable���7KH�YDULDEOH�OHQJWK�IRUPDWV�XVH�RQO\�D�VLQJOH�E\WH�WR�HQFRGH�WKH�YDOXH
LI�LW�LV�VPDOO�HQRXJK��EHWZHHQ�¡����DQG������LQFOXVLYH���RWKHUZLVH��WKH\�XVH�WKH�ILUVW
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E\WH�WR�LQGLFDWH�ZKHWKHU�WKH�YDOXH�LV�SRVLWLYH�RU�QHJDWLYH��DQG�KRZ�PDQ\�E\WHV�IROORZ�
)RU�H[DPSOH������UHTXLUHV�WZR�E\WHV�

    byte[] data = serialize(new VIntWritable(163));
    assertThat(StringUtils.byteToHexString(data), is("8fa3"));

+RZ�GR�\RX�FKRRVH�EHWZHHQ�D� IL[HG�OHQJWK�DQG�D�YDULDEOH�OHQJWK�HQFRGLQJ"�)L[HG�
OHQJWK�HQFRGLQJV�DUH�JRRG�ZKHQ�WKH�GLVWULEXWLRQ�RI�YDOXHV�LV�IDLUO\�XQLIRUP�DFURVV�WKH
ZKROH�YDOXH�VSDFH��VXFK�DV�D��ZHOO�GHVLJQHG��KDVK�IXQFWLRQ��0RVW�QXPHULF�YDULDEOHV
WHQG�WR�KDYH�QRQXQLIRUP�GLVWULEXWLRQV��DQG�RQ�DYHUDJH�WKH�YDULDEOH�OHQJWK�HQFRGLQJ
ZLOO�VDYH�VSDFH��$QRWKHU�DGYDQWDJH�RI�YDULDEOH�OHQJWK�HQFRGLQJV�LV�WKDW�\RX�FDQ�VZLWFK
IURP�VIntWritable�WR�VLongWritable��EHFDXVH�WKHLU�HQFRGLQJV�DUH�DFWXDOO\�WKH�VDPH��6R
E\�FKRRVLQJ�D�YDULDEOH�OHQJWK�UHSUHVHQWDWLRQ��\RX�KDYH�URRP�WR�JURZ�ZLWKRXW�FRP�
PLWWLQJ�WR�DQ���E\WH�long�UHSUHVHQWDWLRQ�IURP�WKH�EHJLQQLQJ�

Text
Text�LV�D�Writable�IRU�87)���VHTXHQFHV��,W�FDQ�EH�WKRXJKW�RI�DV�WKH�Writable�HTXLYDOHQW
RI�java.lang.String��Text�LV�D�UHSODFHPHQW�IRU�WKH�UTF8�FODVV��ZKLFK�ZDV�GHSUHFDWHG
EHFDXVH�LW�GLGQ¦W�VXSSRUW�VWULQJV�ZKRVH�HQFRGLQJ�ZDV�RYHU��������E\WHV�DQG�EHFDXVH
LW�XVHG�-DYD¦V�PRGLILHG�87)���

7KH�Text�FODVV�XVHV�DQ�int��ZLWK�D�YDULDEOH�OHQJWK�HQFRGLQJ��WR�VWRUH�WKH�QXPEHU�RI
E\WHV�LQ�WKH�VWULQJ�HQFRGLQJ��VR�WKH�PD[LPXP�YDOXH�LV���*%��)XUWKHUPRUH��Text�XVHV
VWDQGDUG�87)����ZKLFK�PDNHV�LW�SRWHQWLDOO\�HDVLHU�WR�LQWHURSHUDWH�ZLWK�RWKHU�WRROV�WKDW
XQGHUVWDQG�87)���

%HFDXVH�RI�LWV�HPSKDVLV�RQ�XVLQJ�VWDQGDUG�87)����WKHUH�DUH�VRPH�GLIIHUHQFHV
EHWZHHQ�Text�DQG�WKH�-DYD�String�FODVV��,QGH[LQJ�IRU�WKH�Text�FODVV�LV�LQ�WHUPV�RI�SRVLWLRQ
LQ� WKH�HQFRGHG�E\WH� VHTXHQFH��QRW� WKH�8QLFRGH�FKDUDFWHU� LQ� WKH� VWULQJ�RU� WKH� -DYD�
char�FRGH�XQLW��DV�LW� LV�IRU�String���)RU�$6&,,�VWULQJV��WKHVH�WKUHH�FRQFHSWV�RI�LQGH[
SRVLWLRQ�FRLQFLGH��+HUH�LV�DQ�H[DPSOH�WR�GHPRQVWUDWH�WKH�XVH�RI�WKH�charAt()�PHWKRG�

    Text t = new Text("hadoop");
    assertThat(t.getLength(), is(6));
    assertThat(t.getBytes().length, is(6));
    
    assertThat(t.charAt(2), is((int) 'd'));
    assertThat("Out of bounds", t.charAt(100), is(-1));

1RWLFH� WKDW�charAt()� UHWXUQV� DQ�int� UHSUHVHQWLQJ� D�8QLFRGH� FRGH�SRLQW�� XQOLNH� WKH
String�YDULDQW�WKDW�UHWXUQV�D�char��Text�DOVR�KDV�D�find()�PHWKRG��ZKLFK�LV�DQDORJRXV
WR�String¦V�indexOf()�

    Text t = new Text("hadoop");
    assertThat("Find a substring", t.find("do"), is(2));
    assertThat("Finds first 'o'", t.find("o"), is(3));
    assertThat("Finds 'o' from position 4 or later", t.find("o", 4), is(4));
    assertThat("No match", t.find("pig"), is(-1));

Indexing.
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:KHQ�ZH�VWDUW�XVLQJ�FKDUDFWHUV�WKDW�DUH�HQFRGHG�ZLWK�PRUH�WKDQ�D�VLQJOH�E\WH�
WKH�GLIIHUHQFHV�EHWZHHQ�Text�DQG�String�EHFRPH�FOHDU��&RQVLGHU�WKH�8QLFRGH�FKDUDFWHUV
VKRZQ�LQ�7DEOH������

7DEOH������8QLFRGH�FKDUDFWHUV

Unicode code point U+0041 U+00DF U+6771 U+10400

Name LATIN CAPITAL
LETTER A

LATIN SMALL LETTER
SHARP S

N/A (a unified
Han ideograph)

DESERET CAPITAL LETTER
LONG I

UTF-8 code units 41 c3 9f e6 9d b1 f0 90 90 80

Java representation \u0041 \u00DF \u6771 \uuD801\uDC00

$OO�EXW�WKH�ODVW�FKDUDFWHU�LQ�WKH�WDEOH��8��������FDQ�EH�H[SUHVVHG�XVLQJ�D�VLQJOH�-DYD�
char��8������� LV�D� VXSSOHPHQWDU\�FKDUDFWHU�DQG� LV� UHSUHVHQWHG�E\� WZR�-DYD�charV�
NQRZQ�DV�D� VXUURJDWH�SDLU��7KH� WHVWV� LQ�([DPSOH�����VKRZ�WKH�GLIIHUHQFHV�EHWZHHQ
String�DQG�Text�ZKHQ�SURFHVVLQJ�D�VWULQJ�RI�WKH�IRXU�FKDUDFWHUV�IURP�7DEOH�����

([DPSOH������7HVWV�VKRZLQJ�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�6WULQJ�DQG�7H[W�FODVVHV

public class StringTextComparisonTest {

  @Test
  public void string() throws UnsupportedEncodingException {
    
    String s = "\u0041\u00DF\u6771\uD801\uDC00";
    assertThat(s.length(), is(5));
    assertThat(s.getBytes("UTF-8").length, is(10));
    
    assertThat(s.indexOf("\u0041"), is(0));
    assertThat(s.indexOf("\u00DF"), is(1));
    assertThat(s.indexOf("\u6771"), is(2));
    assertThat(s.indexOf("\uD801\uDC00"), is(3));
    
    assertThat(s.charAt(0), is('\u0041'));
    assertThat(s.charAt(1), is('\u00DF'));
    assertThat(s.charAt(2), is('\u6771'));
    assertThat(s.charAt(3), is('\uD801'));
    assertThat(s.charAt(4), is('\uDC00'));
    
    assertThat(s.codePointAt(0), is(0x0041));
    assertThat(s.codePointAt(1), is(0x00DF));
    assertThat(s.codePointAt(2), is(0x6771));
    assertThat(s.codePointAt(3), is(0x10400));
  }
  
  @Test
  public void text() {
    
    Text t = new Text("\u0041\u00DF\u6771\uD801\uDC00");

Unicode.

�� 7KLV�H[DPSOH�LV�EDVHG�RQ�RQH�IURP�WKH�DUWLFOH�£6XSSOHPHQWDU\�&KDUDFWHUV�LQ�WKH�-DYD�3ODWIRUP�¤
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    assertThat(t.getLength(), is(10));
    
    assertThat(t.find("\u0041"), is(0));
    assertThat(t.find("\u00DF"), is(1));
    assertThat(t.find("\u6771"), is(3));
    assertThat(t.find("\uD801\uDC00"), is(6));

    assertThat(t.charAt(0), is(0x0041));
    assertThat(t.charAt(1), is(0x00DF));
    assertThat(t.charAt(3), is(0x6771));
    assertThat(t.charAt(6), is(0x10400));
  }  
}

7KH�WHVW�FRQILUPV�WKDW�WKH�OHQJWK�RI�D�String�LV�WKH�QXPEHU�RI�char�FRGH�XQLWV�LW�FRQWDLQV
����PDGH�XS�RI�RQH�IURP�HDFK�RI�WKH�ILUVW�WKUHH�FKDUDFWHUV�LQ�WKH�VWULQJ�DQG�D�VXUURJDWH
SDLU�IURP�WKH�ODVW���ZKHUHDV�WKH�OHQJWK�RI�D�Text�REMHFW�LV�WKH�QXPEHU�RI�E\WHV�LQ�LWV
87)���HQFRGLQJ����� �����������6LPLODUO\��WKH�indexOf()�PHWKRG�LQ�String�UHWXUQV
DQ�LQGH[�LQ�char�FRGH�XQLWV��DQG�find()�IRU�Text�LV�D�E\WH�RIIVHW�

7KH�charAt()�PHWKRG�LQ�String�UHWXUQV�WKH�char�FRGH�XQLW�IRU�WKH�JLYHQ�LQGH[��ZKLFK
LQ�WKH�FDVH�RI�D�VXUURJDWH�SDLU�ZLOO�QRW�UHSUHVHQW�D�ZKROH�8QLFRGH�FKDUDFWHU��7KH�code
PointAt()�PHWKRG��LQGH[HG�E\�char�FRGH�XQLW��LV�QHHGHG�WR�UHWULHYH�D�VLQJOH�8QLFRGH
FKDUDFWHU�UHSUHVHQWHG�DV�DQ�int��,Q�IDFW��WKH�charAt()�PHWKRG�LQ�Text�LV�PRUH�OLNH�WKH�
codePointAt()�PHWKRG�WKDQ� LWV�QDPHVDNH� LQ�String��7KH�RQO\�GLIIHUHQFH� LV� WKDW� LW� LV
LQGH[HG�E\�E\WH�RIIVHW�

,WHUDWLQJ�RYHU�WKH�8QLFRGH�FKDUDFWHUV�LQ�Text�LV�FRPSOLFDWHG�E\�WKH�XVH�RI�E\WH
RIIVHWV�IRU�LQGH[LQJ��VLQFH�\RX�FDQ¦W�MXVW�LQFUHPHQW�WKH�LQGH[��7KH�LGLRP�IRU�LWHUDWLRQ
LV�D�OLWWOH�REVFXUH��VHH�([DPSOH�������WXUQ�WKH�Text�REMHFW�LQWR�D�java.nio.ByteBuffer�
WKHQ�UHSHDWHGO\�FDOO�WKH�bytesToCodePoint()�VWDWLF�PHWKRG�RQ�Text�ZLWK�WKH�EXIIHU��7KLV
PHWKRG�H[WUDFWV�WKH�QH[W�FRGH�SRLQW�DV�DQ�int�DQG�XSGDWHV�WKH�SRVLWLRQ�LQ�WKH�EXIIHU�
7KH�HQG�RI�WKH�VWULQJ�LV�GHWHFWHG�ZKHQ�bytesToCodePoint()�UHWXUQV�¡��

([DPSOH������,WHUDWLQJ�RYHU�WKH�FKDUDFWHUV�LQ�D�7H[W�REMHFW

public class TextIterator {
  
  public static void main(String[] args) {    
    Text t = new Text("\u0041\u00DF\u6771\uD801\uDC00");
    
    ByteBuffer buf = ByteBuffer.wrap(t.getBytes(), 0, t.getLength());
    int cp;
    while (buf.hasRemaining() && (cp = Text.bytesToCodePoint(buf)) != -1) {
      System.out.println(Integer.toHexString(cp));
    }
  }  
}

5XQQLQJ�WKH�SURJUDP�SULQWV�WKH�FRGH�SRLQWV�IRU�WKH�IRXU�FKDUDFWHUV�LQ�WKH�VWULQJ�

Iteration.
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% hadoop TextIterator
41
df
6771
10400

$QRWKHU�GLIIHUHQFH�ZLWK�String�LV�WKDW�Text�LV�PXWDEOH��OLNH�DOO�Writable�LP�
SOHPHQWDWLRQV�LQ�+DGRRS��H[FHSW�NullWritable��ZKLFK�LV�D�VLQJOHWRQ���<RX�FDQ�UHXVH�D
Text�LQVWDQFH�E\�FDOOLQJ�RQH�RI�WKH�set()�PHWKRGV�RQ�LW��)RU�H[DPSOH�

    Text t = new Text("hadoop");
    t.set("pig");
    assertThat(t.getLength(), is(3));
    assertThat(t.getBytes().length, is(3));

,Q�VRPH�VLWXDWLRQV��WKH�E\WH�DUUD\�UHWXUQHG�E\�WKH�getBytes()�PHWKRG
PD\�EH�ORQJHU�WKDQ�WKH�OHQJWK�UHWXUQHG�E\�getLength()�

    Text t = new Text("hadoop");
    t.set(new Text("pig"));
    assertThat(t.getLength(), is(3));
    assertThat("Byte length not shortened", t.getBytes().length, 
      is(6));

7KLV�VKRZV�ZK\�LW�LV�LPSHUDWLYH�WKDW�\RX�DOZD\V�FDOO�getLength()�ZKHQ
FDOOLQJ�getBytes()��VR�\RX�NQRZ�KRZ�PXFK�RI�WKH�E\WH�DUUD\�LV�YDOLG�GDWD�

Text� GRHVQ¦W� KDYH� DV� ULFK� DQ� $3,� IRU� PDQLSXODWLQJ� VWULQJV� DV�
java.lang.String��VR�LQ�PDQ\�FDVHV��\RX�QHHG�WR�FRQYHUW�WKH�Text�REMHFW�WR�D�String�
7KLV�LV�GRQH�LQ�WKH�XVXDO�ZD\��XVLQJ�WKH�toString()�PHWKRG�

    assertThat(new Text("hadoop").toString(), is("hadoop"));

BytesWritable
BytesWritable�LV�D�ZUDSSHU�IRU�DQ�DUUD\�RI�ELQDU\�GDWD��,WV�VHULDOL]HG�IRUPDW�LV�DQ�LQWHJHU
ILHOG����E\WHV��WKDW�VSHFLILHV�WKH�QXPEHU�RI�E\WHV�WR�IROORZ��IROORZHG�E\�WKH�E\WHV�WKHP�
VHOYHV��)RU�H[DPSOH��WKH�E\WH�DUUD\�RI�OHQJWK�WZR�ZLWK�YDOXHV���DQG���LV�VHULDOL]HG�DV�D
��E\WH�LQWHJHU��00000002��IROORZHG�E\�WKH�WZR�E\WHV�IURP�WKH�DUUD\��03�DQG�05��

    BytesWritable b = new BytesWritable(new byte[] { 3, 5 });
    byte[] bytes = serialize(b);
    assertThat(StringUtils.byteToHexString(bytes), is("000000020305"));

BytesWritable�LV�PXWDEOH��DQG�LWV�YDOXH�PD\�EH�FKDQJHG�E\�FDOOLQJ�LWV�set()�PHWKRG�
$V�ZLWK�Text��WKH�VL]H�RI�WKH�E\WH�DUUD\�UHWXUQHG�IURP�WKH�getBytes()�PHWKRG�IRU�Byte
sWritable¢WKH�FDSDFLW\¢PD\�QRW� UHIOHFW� WKH�DFWXDO� VL]H�RI� WKH�GDWD� VWRUHG� LQ� WKH�
BytesWritable�� <RX� FDQ� GHWHUPLQH� WKH� VL]H� RI� WKH� BytesWritable� E\� FDOOLQJ� get
Length()��7R�GHPRQVWUDWH�

    b.setCapacity(11);
    assertThat(b.getLength(), is(2));
    assertThat(b.getBytes().length, is(11));

Mutability.

Resorting to String.
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NullWritable
NullWritable�LV�D�VSHFLDO�W\SH�RI�Writable��DV�LW�KDV�D�]HUR�OHQJWK�VHULDOL]DWLRQ��1R�E\WHV
DUH�ZULWWHQ� WR�RU� UHDG� IURP�WKH� VWUHDP�� ,W� LV�XVHG�DV�D�SODFHKROGHU�� IRU�H[DPSOH�� LQ
0DS5HGXFH��D�NH\�RU�D�YDOXH�FDQ�EH�GHFODUHG�DV�D�NullWritable�ZKHQ�\RX�GRQ¦W�QHHG
WR�XVH�WKDW�SRVLWLRQ��HIIHFWLYHO\�VWRULQJ�D�FRQVWDQW�HPSW\�YDOXH��NullWritable�FDQ�DOVR
EH�XVHIXO�DV�D�NH\�LQ�SequenceFile�ZKHQ�\RX�ZDQW�WR�VWRUH�D�OLVW�RI�YDOXHV��DV�RSSRVHG
WR�NH\�YDOXH�SDLUV��,W�LV�DQ�LPPXWDEOH�VLQJOHWRQ��DQG�WKH�LQVWDQFH�FDQ�EH�UHWULHYHG�E\
FDOOLQJ�NullWritable.get()�

ObjectWritable and GenericWritable
ObjectWritable�LV�D�JHQHUDO�SXUSRVH�ZUDSSHU�IRU�WKH�IROORZLQJ��-DYD�SULPLWLYHV��String�
enum��Writable��null��RU�DUUD\V�RI�DQ\�RI�WKHVH�W\SHV��,W�LV�XVHG�LQ�+DGRRS�53&�WR�PDUVKDO
DQG�XQPDUVKDO�PHWKRG�DUJXPHQWV�DQG�UHWXUQ�W\SHV�

ObjectWritable�LV�XVHIXO�ZKHQ�D�ILHOG�FDQ�EH�RI�PRUH�WKDQ�RQH�W\SH��)RU�H[DPSOH��LI�WKH
YDOXHV� LQ�D�SequenceFile�KDYH�PXOWLSOH� W\SHV��\RX�FDQ�GHFODUH�WKH�YDOXH�W\SH�DV�DQ�
ObjectWritable� DQG�ZUDS� HDFK� W\SH� LQ� DQ� ObjectWritable�� %HLQJ� D� JHQHUDO�SXUSRVH
PHFKDQLVP��LW�ZDVWHG�D�IDLU�DPRXQW�RI�VSDFH�EHFDXVH�LW�ZULWHV�WKH�FODVVQDPH�RI�WKH
ZUDSSHG�W\SH�HYHU\�WLPH�LW�LV�VHULDOL]HG��,Q�FDVHV�ZKHUH�WKH�QXPEHU�RI�W\SHV�LV�VPDOO
DQG�NQRZQ�DKHDG�RI�WLPH��WKLV�FDQ�EH�LPSURYHG�E\�KDYLQJ�D�VWDWLF�DUUD\�RI�W\SHV�DQG
XVLQJ�WKH�LQGH[�LQWR�WKH�DUUD\�DV�WKH�VHULDOL]HG�UHIHUHQFH�WR�WKH�W\SH��7KLV�LV�WKH�DSSURDFK
WKDW�GenericWritable�WDNHV��DQG�\RX�KDYH�WR�VXEFODVV�LW�WR�VSHFLI\�ZKLFK�W\SHV�WR�VXS�
SRUW�

Writable collections
7KHUH�DUH� VL[�Writable� FROOHFWLRQ� W\SHV� LQ� WKH�org.apache.hadoop.io�SDFNDJH��Array
Writable�� ArrayPrimitiveWritable�� TwoDArrayWritable�� MapWritable��
SortedMapWritable��DQG�EnumSetWritable�

ArrayWritable� DQG� TwoDArrayWritable� DUH� Writable� LPSOHPHQWDWLRQV� IRU� DUUD\V� DQG
WZR�GLPHQVLRQDO�DUUD\V��DUUD\�RI�DUUD\V��RI�Writable�LQVWDQFHV��$OO�WKH�HOHPHQWV�RI�DQ�
ArrayWritable�RU�D�TwoDArrayWritable�PXVW�EH�LQVWDQFHV�RI�WKH�VDPH�FODVV��ZKLFK�LV
VSHFLILHG�DW�FRQVWUXFWLRQ�DV�IROORZV�

    ArrayWritable writable = new ArrayWritable(Text.class);

,Q�FRQWH[WV�ZKHUH�WKH�Writable�LV�GHILQHG�E\�W\SH��VXFK�DV�LQ�SequenceFile�NH\V�RU�YDOXHV
RU�DV�LQSXW�WR�0DS5HGXFH�LQ�JHQHUDO��\RX�QHHG�WR�VXEFODVV�ArrayWritable��RU�TwoDAr
rayWritable��DV�DSSURSULDWH��WR�VHW�WKH�W\SH�VWDWLFDOO\��)RU�H[DPSOH�

public class TextArrayWritable extends ArrayWritable {
  public TextArrayWritable() {
    super(Text.class);
  }
}
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ArrayWritable�DQG�TwoDArrayWritable�ERWK�KDYH�get()�DQG�set()�PHWKRGV��DV�ZHOO�DV�D�
toArray()�PHWKRG��ZKLFK�FUHDWHV�D�VKDOORZ�FRS\�RI�WKH�DUUD\��RU��'�DUUD\��

ArrayPrimitiveWritable�LV�D�ZUDSSHU�IRU�DUUD\V�RI�-DYD�SULPLWLYHV��7KH�FRPSRQHQW�W\SH
LV�GHWHFWHG�ZKHQ�\RX�FDOO�set()��VR�WKHUH�LV�QR�QHHG�WR�VXEFODVV�WR�VHW�WKH�W\SH�

MapWritable�DQG�SortedMapWritable�DUH�LPSOHPHQWDWLRQV�RI�java.util.Map<Writable,
Writable>�DQG�java.util.SortedMap<WritableComparable, Writable>��UHVSHFWLYHO\��7KH
W\SH�RI�HDFK�NH\�DQG�YDOXH�ILHOG�LV�D�SDUW�RI�WKH�VHULDOL]DWLRQ�IRUPDW�IRU�WKDW�ILHOG��7KH
W\SH�LV�VWRUHG�DV�D�VLQJOH�E\WH�WKDW�DFWV�DV�DQ�LQGH[�LQWR�DQ�DUUD\�RI�W\SHV��7KH�DUUD\�LV
SRSXODWHG�ZLWK�WKH�VWDQGDUG�W\SHV�LQ�WKH�org.apache.hadoop.io�SDFNDJH��EXW�FXVWRP�
Writable�W\SHV�DUH�DFFRPPRGDWHG��WRR��E\�ZULWLQJ�D�KHDGHU�WKDW�HQFRGHV�WKH�W\SH�DUUD\
IRU�QRQVWDQGDUG�W\SHV��$V�WKH\�DUH�LPSOHPHQWHG��MapWritable�DQG�SortedMapWritable
XVH�SRVLWLYH�byte�YDOXHV�IRU�FXVWRP�W\SHV��VR�D�PD[LPXP�RI�����GLVWLQFW�QRQVWDQGDUG
Writable�FODVVHV�FDQ�EH�XVHG�LQ�DQ\�SDUWLFXODU�MapWritable�RU�SortedMapWritable� LQ�
VWDQFH��+HUH¦V�D�GHPRQVWUDWLRQ�RI�XVLQJ�D�MapWritable�ZLWK�GLIIHUHQW�W\SHV�IRU�NH\V�DQG
YDOXHV�

    MapWritable src = new MapWritable();
    src.put(new IntWritable(1), new Text("cat"));
    src.put(new VIntWritable(2), new LongWritable(163));
    
    MapWritable dest = new MapWritable();
    WritableUtils.cloneInto(dest, src);
    assertThat((Text) dest.get(new IntWritable(1)), is(new Text("cat")));
    assertThat((LongWritable) dest.get(new VIntWritable(2)), is(new 
      LongWritable(163)));

&RQVSLFXRXV�E\� WKHLU�DEVHQFH�DUH�Writable� FROOHFWLRQ� LPSOHPHQWDWLRQV� IRU�VHWV�DQG
OLVWV��$�JHQHUDO�VHW�FDQ�EH�HPXODWHG�E\�XVLQJ�D�MapWritable��RU�D�SortedMapWritable�IRU
D�VRUWHG�VHW��ZLWK�NullWritable�YDOXHV��7KHUH�LV�DOVR�EnumSetWritable�IRU�VHWV�RI�HQXP
W\SHV��)RU� OLVWV�RI�D�VLQJOH� W\SH�RI�Writable��ArrayWritable� LV�DGHTXDWH��EXW� WR�VWRUH
GLIIHUHQW�W\SHV�RI�Writable� LQ�D�VLQJOH�OLVW��\RX�FDQ�XVH�GenericWritable� WR�ZUDS�WKH
HOHPHQWV�LQ�DQ�ArrayWritable��$OWHUQDWLYHO\��\RX�FRXOG�ZULWH�D�JHQHUDO�ListWritable
XVLQJ�WKH�LGHDV�IURP�MapWritable�

Implementing a Custom Writable
+DGRRS�FRPHV�ZLWK�D�XVHIXO�VHW�RI�Writable�LPSOHPHQWDWLRQV�WKDW�VHUYH�PRVW�SXUSRVHV�
KRZHYHU��RQ�RFFDVLRQ��\RX�PD\�QHHG�WR�ZULWH�\RXU�RZQ�FXVWRP�LPSOHPHQWDWLRQ��:LWK
D�FXVWRP�Writable��\RX�KDYH�IXOO�FRQWURO�RYHU�WKH�ELQDU\�UHSUHVHQWDWLRQ�DQG�WKH�VRUW
RUGHU��%HFDXVH�WritableV�DUH�DW�WKH�KHDUW�RI�WKH�0DS5HGXFH�GDWD�SDWK��WXQLQJ�WKH�ELQDU\
UHSUHVHQWDWLRQ� FDQ� KDYH� D� VLJQLILFDQW� HIIHFW� RQ� SHUIRUPDQFH�� 7KH� VWRFN� Writable
LPSOHPHQWDWLRQV�WKDW�FRPH�ZLWK�+DGRRS�DUH�ZHOO�WXQHG��EXW�IRU�PRUH�HODERUDWH�VWUXF�
WXUHV��LW�LV�RIWHQ�EHWWHU�WR�FUHDWH�D�QHZ�Writable�W\SH�UDWKHU�WKDQ�FRPSRVH�WKH�VWRFN
W\SHV�
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7R�GHPRQVWUDWH�KRZ�WR�FUHDWH�D�FXVWRP�Writable��ZH�VKDOO�ZULWH�DQ�LPSOHPHQWDWLRQ
WKDW�UHSUHVHQWV�D�SDLU�RI�VWULQJV��FDOOHG�TextPair��7KH�EDVLF�LPSOHPHQWDWLRQ�LV�VKRZQ
LQ�([DPSOH�����

([DPSOH������$�:ULWDEOH�LPSOHPHQWDWLRQ�WKDW�VWRUHV�D�SDLU�RI�7H[W�REMHFWV

import java.io.*;

import org.apache.hadoop.io.*;

public class TextPair implements WritableComparable<TextPair> {

  private Text first;
  private Text second;
  
  public TextPair() {
    set(new Text(), new Text());
  }
  
  public TextPair(String first, String second) {
    set(new Text(first), new Text(second));
  }
  
  public TextPair(Text first, Text second) {
    set(first, second);
  }
  
  public void set(Text first, Text second) {
    this.first = first;
    this.second = second;
  }
  
  public Text getFirst() {
    return first;
  }

  public Text getSecond() {
    return second;
  }

  @Override
  public void write(DataOutput out) throws IOException {
    first.write(out);
    second.write(out);
  }

  @Override
  public void readFields(DataInput in) throws IOException {
    first.readFields(in);
    second.readFields(in);
  }
  
  @Override
  public int hashCode() {
    return first.hashCode() * 163 + second.hashCode();
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  }
  
  @Override
  public boolean equals(Object o) {
    if (o instanceof TextPair) {
      TextPair tp = (TextPair) o;
      return first.equals(tp.first) && second.equals(tp.second);
    }
    return false;
  }

  @Override
  public String toString() {
    return first + "\t" + second;
  }
  
  @Override
  public int compareTo(TextPair tp) {
    int cmp = first.compareTo(tp.first);
    if (cmp != 0) {
      return cmp;
    }
    return second.compareTo(tp.second);
  }
}

7KH�ILUVW�SDUW�RI� WKH� LPSOHPHQWDWLRQ�LV�VWUDLJKWIRUZDUG��WKHUH�DUH�WZR�Text� LQVWDQFH
YDULDEOHV�� first� DQG� second�� DQG� DVVRFLDWHG� FRQVWUXFWRUV�� JHWWHUV�� DQG� VHWWHUV�� $OO
Writable� LPSOHPHQWDWLRQV�PXVW�KDYH� D�GHIDXOW� FRQVWUXFWRU� VR� WKDW� WKH�0DS5HGXFH
IUDPHZRUN�FDQ� LQVWDQWLDWH� WKHP�� WKHQ�SRSXODWH� WKHLU� ILHOGV�E\�FDOOLQJ�readFields()�
:ULWDEOH� LQVWDQFHV�DUH�PXWDEOH�DQG�RIWHQ� UHXVHG�� VR�\RX�VKRXOG� WDNH�FDUH� WR�DYRLG
DOORFDWLQJ�REMHFWV�LQ�WKH�write()�RU�readFields()�PHWKRGV�

TextPair¦V�write()�PHWKRG�VHULDOL]HV�HDFK�Text�REMHFW�LQ�WXUQ�WR�WKH�RXWSXW�VWUHDP�E\
GHOHJDWLQJ�WR�WKH�Text�REMHFWV�WKHPVHOYHV��6LPLODUO\��readFields()�GHVHULDOL]HV�WKH�E\WHV
IURP� WKH� LQSXW� VWUHDP� E\� GHOHJDWLQJ� WR� HDFK� Text� REMHFW�� 7KH� DataOutput� DQG�
DataInput� LQWHUIDFHV�KDYH�D�ULFK�VHW�RI�PHWKRGV�IRU�VHULDOL]LQJ�DQG�GHVHULDOL]LQJ�-DYD
SULPLWLYHV�� VR�� LQ�JHQHUDO��\RX�KDYH�FRPSOHWH�FRQWURO�RYHU� WKH�ZLUH� IRUPDW�RI�\RXU�
Writable�REMHFW�

-XVW�DV�\RX�ZRXOG� IRU�DQ\�YDOXH�REMHFW�\RX�ZULWH� LQ� -DYD��\RX�VKRXOG�RYHUULGH� WKH�
hashCode()�� equals()�� DQG� toString()� PHWKRGV� IURP� java.lang.Object�� 7KH� hash
Code()�PHWKRG�LV�XVHG�E\�WKH�HashPartitioner��WKH�GHIDXOW�SDUWLWLRQHU�LQ�0DS5HGXFH�
WR�FKRRVH�D� UHGXFH�SDUWLWLRQ�� VR�\RX�VKRXOG�PDNH�VXUH� WKDW�\RX�ZULWH�D�JRRG�KDVK
IXQFWLRQ�WKDW�PL[HV�ZHOO�WR�HQVXUH�UHGXFH�SDUWLWLRQV�DUH�RI�D�VLPLODU�VL]H�

,I�\RX�HYHU�SODQ�WR�XVH�\RXU�FXVWRP�Writable�ZLWK�TextOutputFormat�
WKHQ�\RX�PXVW�LPSOHPHQW�LWV�toString()�PHWKRG��TextOutputFormat�FDOOV
toString()�RQ�NH\V�DQG�YDOXHV�IRU�WKHLU�RXWSXW�UHSUHVHQWDWLRQ��)RU�Text
Pair��ZH�ZULWH�WKH�XQGHUO\LQJ�Text�REMHFWV�DV�VWULQJV�VHSDUDWHG�E\�D�WDE
FKDUDFWHU�
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TextPair�LV�DQ�LPSOHPHQWDWLRQ�RI�WritableComparable��VR�LW�SURYLGHV�DQ�LPSOHPHQWDWLRQ
RI�WKH�compareTo()�PHWKRG�WKDW�LPSRVHV�WKH�RUGHULQJ�\RX�ZRXOG�H[SHFW��LW�VRUWV�E\�WKH
ILUVW�VWULQJ�IROORZHG�E\�WKH�VHFRQG��1RWLFH�WKDW�TextPair�GLIIHUV�IURP�TextArrayWrita
ble�IURP�WKH�SUHYLRXV�VHFWLRQ��DSDUW�IURP�WKH�QXPEHU�RI�Text�REMHFWV�LW�FDQ�VWRUH���VLQFH�
TextArrayWritable�LV�RQO\�D�Writable��QRW�D�WritableComparable�

Implementing a RawComparator for speed
7KH�FRGH�IRU�TextPair�LQ�([DPSOH�����ZLOO�ZRUN�DV�LW�VWDQGV��KRZHYHU��WKHUH�LV�D�IXUWKHU
RSWLPL]DWLRQ� ZH� FDQ� PDNH�� $V� H[SODLQHG� LQ� £:ULWDEOH&RPSDUDEOH� DQG� FRPSDUD�
WRUV¤�RQ�SDJH�����ZKHQ�TextPair�LV�EHLQJ�XVHG�DV�D�NH\�LQ�0DS5HGXFH��LW�ZLOO�KDYH�WR
EH�GHVHULDOL]HG�LQWR�DQ�REMHFW�IRU�WKH�compareTo()�PHWKRG�WR�EH�LQYRNHG��:KDW�LI�LW�ZHUH
SRVVLEOH� WR� FRPSDUH� WZR� TextPair� REMHFWV� MXVW� E\� ORRNLQJ� DW� WKHLU� VHULDOL]HG
UHSUHVHQWDWLRQV"

,W� WXUQV�RXW� WKDW�ZH�FDQ�GR� WKLV�EHFDXVH�TextPair� LV� WKH�FRQFDWHQDWLRQ�RI� WZR�Text
REMHFWV��DQG�WKH�ELQDU\�UHSUHVHQWDWLRQ�RI�D�Text�REMHFW�LV�D�YDULDEOH�OHQJWK�LQWHJHU�FRQ�
WDLQLQJ�WKH�QXPEHU�RI�E\WHV�LQ�WKH�87)���UHSUHVHQWDWLRQ�RI�WKH�VWULQJ��IROORZHG�E\�WKH
87)���E\WHV�WKHPVHOYHV��7KH�WULFN�LV�WR�UHDG�WKH�LQLWLDO�OHQJWK�VR�ZH�NQRZ�KRZ�ORQJ
WKH�ILUVW�Text�REMHFW¦V�E\WH�UHSUHVHQWDWLRQ�LV��WKHQ�ZH�FDQ�GHOHJDWH�WR�Text¦V�RawCompara
tor� DQG� LQYRNH� LW�ZLWK� WKH�DSSURSULDWH�RIIVHWV� IRU� WKH� ILUVW�RU� VHFRQG� VWULQJ��([DP�
SOH�����JLYHV�WKH�GHWDLOV��QRWH�WKDW�WKLV�FRGH�LV�QHVWHG�LQ�WKH�TextPair�FODVV��

([DPSOH������$�5DZ&RPSDUDWRU�IRU�FRPSDULQJ�7H[W3DLU�E\WH�UHSUHVHQWDWLRQV

  public static class Comparator extends WritableComparator {
    
    private static final Text.Comparator TEXT_COMPARATOR = new Text.Comparator();
    
    public Comparator() {
      super(TextPair.class);
    }

    @Override
    public int compare(byte[] b1, int s1, int l1,
                       byte[] b2, int s2, int l2) {
      
      try {
        int firstL1 = WritableUtils.decodeVIntSize(b1[s1]) + readVInt(b1, s1);
        int firstL2 = WritableUtils.decodeVIntSize(b2[s2]) + readVInt(b2, s2);
        int cmp = TEXT_COMPARATOR.compare(b1, s1, firstL1, b2, s2, firstL2);
        if (cmp != 0) {
          return cmp;
        }
        return TEXT_COMPARATOR.compare(b1, s1 + firstL1, l1 - firstL1,
                                       b2, s2 + firstL2, l2 - firstL2);
      } catch (IOException e) {
        throw new IllegalArgumentException(e);
      }
    }
  }
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  static {
    WritableComparator.define(TextPair.class, new Comparator());
  }

:H� DFWXDOO\� VXEFODVV� WritableComparator� UDWKHU� WKDQ� LPSOHPHQW� RawComparator� GL�
UHFWO\��VLQFH�LW�SURYLGHV�VRPH�FRQYHQLHQFH�PHWKRGV�DQG�GHIDXOW�LPSOHPHQWDWLRQV��7KH
VXEWOH� SDUW� RI� WKLV� FRGH� LV� FDOFXODWLQJ� firstL1� DQG� firstL2�� WKH� OHQJWKV� RI� WKH� ILUVW
Text� ILHOG�LQ�HDFK�E\WH�VWUHDP��(DFK�LV�PDGH�XS�RI�WKH�OHQJWK�RI�WKH�YDULDEOH�OHQJWK
LQWHJHU��UHWXUQHG�E\�decodeVIntSize()�RQ�WritableUtils��DQG�WKH�YDOXH�LW�LV�HQFRGLQJ
�UHWXUQHG�E\�readVInt()��

7KH�VWDWLF�EORFN�UHJLVWHUV�WKH�UDZ�FRPSDUDWRU�VR�WKDW�ZKHQHYHU�0DS5HGXFH�VHHV�WKH�
TextPair�FODVV��LW�NQRZV�WR�XVH�WKH�UDZ�FRPSDUDWRU�DV�LWV�GHIDXOW�FRPSDUDWRU�

Custom comparators
$V�ZH�FDQ�VHH�ZLWK�TextPair��ZULWLQJ�UDZ�FRPSDUDWRUV�WDNHV�VRPH�FDUH�EHFDXVH�\RX
KDYH�WR�GHDO�ZLWK�GHWDLOV�DW�WKH�E\WH�OHYHO��,W�LV�ZRUWK�ORRNLQJ�DW�VRPH�RI�WKH�LPSOHPHQ�
WDWLRQV�RI�Writable�LQ�WKH�org.apache.hadoop.io�SDFNDJH�IRU�IXUWKHU�LGHDV�LI�\RX�QHHG
WR�ZULWH�\RXU�RZQ��7KH�XWLOLW\�PHWKRGV�RQ�WritableUtils�DUH�YHU\�KDQG\��WRR�

&XVWRP�FRPSDUDWRUV�VKRXOG�DOVR�EH�ZULWWHQ�WR�EH�RawComparatorV��LI�SRVVLEOH��7KHVH
DUH�FRPSDUDWRUV�WKDW�LPSOHPHQW�D�GLIIHUHQW�VRUW�RUGHU�IURP�WKH�QDWXUDO�VRUW�RUGHU�GH�
ILQHG�E\�WKH�GHIDXOW�FRPSDUDWRU��([DPSOH�����VKRZV�D�FRPSDUDWRU�IRU�TextPair��FDOOHG�
FirstComparator��WKDW�FRQVLGHUV�RQO\�WKH�ILUVW�VWULQJ�RI�WKH�SDLU��1RWH�WKDW�ZH�RYHUULGH
WKH�compare()�PHWKRG�WKDW� WDNHV�REMHFWV�VR�ERWK�compare()�PHWKRGV�KDYH� WKH�VDPH
VHPDQWLFV�

:H�ZLOO�PDNH�XVH�RI�WKLV�FRPSDUDWRU�LQ�&KDSWHU����ZKHQ�ZH�ORRN�DW�MRLQV�DQG�VHFRQGDU\
VRUWLQJ�LQ�0DS5HGXFH��VHH�£-RLQV¤�RQ�SDJH������

([DPSOH������$�FXVWRP�5DZ&RPSDUDWRU�IRU�FRPSDULQJ�WKH�ILUVW�ILHOG�RI�7H[W3DLU�E\WH�UHSUHVHQWDWLRQV

  public static class FirstComparator extends WritableComparator {
    
    private static final Text.Comparator TEXT_COMPARATOR = new Text.Comparator();
    
    public FirstComparator() {
      super(TextPair.class);
    }

    @Override
    public int compare(byte[] b1, int s1, int l1,
                       byte[] b2, int s2, int l2) {
      
      try {
        int firstL1 = WritableUtils.decodeVIntSize(b1[s1]) + readVInt(b1, s1);
        int firstL2 = WritableUtils.decodeVIntSize(b2[s2]) + readVInt(b2, s2);
        return TEXT_COMPARATOR.compare(b1, s1, firstL1, b2, s2, firstL2);
      } catch (IOException e) {
        throw new IllegalArgumentException(e);
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      }
    }
    
    @Override
    public int compare(WritableComparable a, WritableComparable b) {
      if (a instanceof TextPair && b instanceof TextPair) {
        return ((TextPair) a).first.compareTo(((TextPair) b).first);
      }
      return super.compare(a, b);
    }
  }

Serialization Frameworks
$OWKRXJK�PRVW�0DS5HGXFH�SURJUDPV�XVH�Writable�NH\�DQG�YDOXH�W\SHV��WKLV�LVQ¦W�PDQ�
GDWHG�E\�WKH�0DS5HGXFH�$3,��,Q�IDFW��DQ\�W\SH�FDQ�EH�XVHG��WKH�RQO\�UHTXLUHPHQW�LV�D
PHFKDQLVP�WKDW�WUDQVODWHV�WR�DQG�IURP�D�ELQDU\�UHSUHVHQWDWLRQ�RI�HDFK�W\SH�

7R�VXSSRUW�WKLV��+DGRRS�KDV�DQ�$3,�IRU�SOXJJDEOH�VHULDOL]DWLRQ�IUDPHZRUNV��$�VHULDOL�
]DWLRQ� IUDPHZRUN� LV� UHSUHVHQWHG� E\� DQ� LPSOHPHQWDWLRQ� RI� Serialization� �LQ� WKH�
org.apache.hadoop.io.serializer� SDFNDJH��� WritableSerialization�� IRU� H[DPSOH�� LV
WKH�LPSOHPHQWDWLRQ�RI�Serialization�IRU�Writable�W\SHV�

$�Serialization�GHILQHV�D�PDSSLQJ�IURP�W\SHV�WR�Serializer�LQVWDQFHV��IRU�WXUQLQJ�DQ
REMHFW�LQWR�D�E\WH�VWUHDP��DQG�Deserializer�LQVWDQFHV��IRU�WXUQLQJ�D�E\WH�VWUHDP�LQWR
DQ�REMHFW��

6HW�WKH�io.serializations�SURSHUW\�WR�D�FRPPD�VHSDUDWHG�OLVW�RI�FODVVQDPHV�WR�UHJLVWHU
Serialization�LPSOHPHQWDWLRQV��,WV�GHIDXOW�YDOXH�LQFOXGHV�org.apache.hadoop.io.seri
alizer.WritableSerialization�DQG�WKH�$YUR�VSHFLILF�DQG�UHIOHFW�VHULDOL]DWLRQV��ZKLFK
PHDQV�WKDW�RQO\�Writable�RU�$YUR�REMHFWV�FDQ�EH�VHULDOL]HG�RU�GHVHULDOL]HG�RXW�RI�WKH�ER[�

+DGRRS�LQFOXGHV�D�FODVV�FDOOHG�JavaSerialization�WKDW�XVHV�-DYD�2EMHFW�6HULDOL]DWLRQ�
$OWKRXJK�LW�PDNHV�LW�FRQYHQLHQW�WR�EH�DEOH�WR�XVH�VWDQGDUG�-DYD�W\SHV�VXFK�DV�Integer
RU�String�LQ�0DS5HGXFH�SURJUDPV��-DYD�2EMHFW�6HULDOL]DWLRQ�LV�QRW�DV�HIILFLHQW�DV�:ULW�
DEOHV��VR�LW¦V�QRW�ZRUWK�PDNLQJ�WKLV�WUDGH�RII��VHH�WKH�VLGHEDU�£:K\�1RW�8VH�-DYD�2EMHFW
6HULDOL]DWLRQ"¤�RQ�SDJH������

Why Not Use Java Object Serialization?
-DYD�FRPHV�ZLWK�LWV�RZQ�VHULDOL]DWLRQ�PHFKDQLVP��FDOOHG�-DYD�2EMHFW�6HULDOL]DWLRQ��RIWHQ
UHIHUUHG�WR�VLPSO\�DV�£-DYD�6HULDOL]DWLRQ¤���WKDW�LV�WLJKWO\�LQWHJUDWHG�ZLWK�WKH�ODQJXDJH�
VR�LW¦V�QDWXUDO�WR�DVN�ZK\�WKLV�ZDVQ¦W�XVHG�LQ�+DGRRS��+HUH¦V�ZKDW�'RXJ�&XWWLQJ�VDLG
LQ�UHVSRQVH�WR�WKDW�TXHVWLRQ�

:K\�GLGQ¦W�,�XVH�6HULDOL]DWLRQ�ZKHQ�ZH�ILUVW�VWDUWHG�+DGRRS"�%HFDXVH�LW�ORRNHG
ELJ�DQG�KDLU\�DQG�,�WKRXJKW�ZH�QHHGHG�VRPHWKLQJ�OHDQ�DQG�PHDQ��ZKHUH�ZH�KDG
SUHFLVH�FRQWURO�RYHU�H[DFWO\�KRZ�REMHFWV�DUH�ZULWWHQ�DQG�UHDG��VLQFH�WKDW�LV�FHQWUDO
WR�+DGRRS��:LWK�6HULDOL]DWLRQ�\RX�FDQ�JHW�VRPH�FRQWURO��EXW�\RX�KDYH�WR�ILJKW�IRU
LW�
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7KH�ORJLF�IRU�QRW�XVLQJ�50,�ZDV�VLPLODU��(IIHFWLYH��KLJK�SHUIRUPDQFH�LQWHU�SURFHVV
FRPPXQLFDWLRQV�DUH�FULWLFDO�WR�+DGRRS��,�IHOW�OLNH�ZH¦G�QHHG�WR�SUHFLVHO\�FRQWURO
KRZ�WKLQJV�OLNH�FRQQHFWLRQV��WLPHRXWV�DQG�EXIIHUV�DUH�KDQGOHG��DQG�50,�JLYHV�\RX
OLWWOH�FRQWURO�RYHU�WKRVH�

7KH�SUREOHP�LV�WKDW�-DYD�6HULDOL]DWLRQ�GRHVQ¦W�PHHW�WKH�FULWHULD�IRU�D�VHULDOL]DWLRQ�IRUPDW
OLVWHG�HDUOLHU��FRPSDFW��IDVW��H[WHQVLEOH��DQG�LQWHURSHUDEOH�

-DYD�6HULDOL]DWLRQ� LV�QRW�FRPSDFW��&ODVVHV� WKDW� LPSOHPHQW�java.io.Serializable�RU�
java.io.Externalizable� ZULWH� WKHLU� FODVVQDPH� DQG� WKH� REMHFW� UHSUHVHQWDWLRQ� WR� WKH
VWUHDP��6XEVHTXHQW� LQVWDQFHV�RI� WKH�VDPH�FODVV�ZULWH�D� UHIHUHQFH�KDQGOH� WR� WKH� ILUVW
RFFXUUHQFH��ZKLFK�RFFXSLHV�RQO\���E\WHV��+RZHYHU��UHIHUHQFH�KDQGOHV�GRQ¦W�ZRUN�ZHOO
ZLWK�UDQGRP�DFFHVV��EHFDXVH�WKH�UHIHUHQW�FODVV�PD\�RFFXU�DW�DQ\�SRLQW�LQ�WKH�SUHFHGLQJ
VWUHDP¢WKDW�LV��WKHUH�LV�VWDWH�VWRUHG�LQ�WKH�VWUHDP��(YHQ�ZRUVH��UHIHUHQFH�KDQGOHV�SOD\
KDYRF�ZLWK�VRUWLQJ�UHFRUGV�LQ�D�VHULDOL]HG�VWUHDP��VLQFH�WKH�ILUVW�UHFRUG�RI�D�SDUWLFXODU
FODVV�LV�GLVWLQJXLVKHG�DQG�PXVW�EH�WUHDWHG�DV�D�VSHFLDO�FDVH�

$OO�WKHVH�SUREOHPV�DUH�DYRLGHG�E\�QRW�ZULWLQJ�WKH�FODVVQDPH�WR�WKH�VWUHDP�DW�DOO��ZKLFK
LV�WKH�DSSURDFK�WKDW�:ULWDEOH�WDNHV��7KLV�PDNHV�WKH�DVVXPSWLRQ�WKDW�WKH�FOLHQW�NQRZV
WKH�H[SHFWHG�W\SH��7KH�UHVXOW�LV�WKDW�WKH�IRUPDW�LV�FRQVLGHUDEO\�PRUH�FRPSDFW�WKDQ�-DYD
6HULDOL]DWLRQ��DQG�UDQGRP�DFFHVV�DQG�VRUWLQJ�ZRUN�DV�H[SHFWHG�EHFDXVH�HDFK�UHFRUG�LV
LQGHSHQGHQW�RI�WKH�RWKHUV��VR�WKHUH�LV�QR�VWUHDP�VWDWH��

-DYD�6HULDOL]DWLRQ�LV�D�JHQHUDO�SXUSRVH�PHFKDQLVP�IRU�VHULDOL]LQJ�JUDSKV�RI�REMHFWV��VR
LW�QHFHVVDULO\�KDV�VRPH�RYHUKHDG�IRU�VHULDOL]DWLRQ�DQG�GHVHULDOL]DWLRQ�RSHUDWLRQV��:KDW¦V
PRUH��WKH�GHVHULDOL]DWLRQ�SURFHGXUH�FUHDWHV�D�QHZ�LQVWDQFH�IRU�HDFK�REMHFW�GHVHULDOL]HG
IURP�WKH�VWUHDP��:ULWDEOH�REMHFWV��RQ�WKH�RWKHU�KDQG��FDQ�EH��DQG�RIWHQ�DUH��UHXVHG�
)RU�H[DPSOH��IRU�D�0DS5HGXFH�MRE��ZKLFK�DW�LWV�FRUH�VHULDOL]HV�DQG�GHVHULDOL]HV�ELOOLRQV
RI�UHFRUGV�RI�MXVW�D�KDQGIXO�RI�GLIIHUHQW�W\SHV��WKH�VDYLQJV�JDLQHG�E\�QRW�KDYLQJ�WR�DOORFDWH
QHZ�REMHFWV�DUH�VLJQLILFDQW�

,Q�WHUPV�RI�H[WHQVLELOLW\��-DYD�6HULDOL]DWLRQ�KDV�VRPH�VXSSRUW�IRU�HYROYLQJ�D�W\SH��EXW�LW
LV�EULWWOH�DQG�KDUG�WR�XVH�HIIHFWLYHO\��:ULWDEOHV�KDYH�QR�VXSSRUW��WKH�SURJUDPPHU�KDV
WR�PDQDJH�WKHP�KLPVHOI��

,Q�SULQFLSOH��RWKHU�ODQJXDJHV�FRXOG�LQWHUSUHW�WKH�-DYD�6HULDOL]DWLRQ�VWUHDP�SURWRFRO��GH�
ILQHG�E\�WKH�-DYD�2EMHFW�6HULDOL]DWLRQ�6SHFLILFDWLRQ���EXW�LQ�SUDFWLFH�WKHUH�DUH�QR�ZLGHO\
XVHG�LPSOHPHQWDWLRQV�LQ�RWKHU�ODQJXDJHV��VR�LW�LV�D�-DYD�RQO\�VROXWLRQ��7KH�VLWXDWLRQ�LV
WKH�VDPH�IRU�:ULWDEOHV�

Serialization IDL
7KHUH�DUH�D�QXPEHU�RI�RWKHU�VHULDOL]DWLRQ�IUDPHZRUNV�WKDW�DSSURDFK�WKH�SUREOHP�LQ�D
GLIIHUHQW�ZD\��UDWKHU�WKDQ�GHILQLQJ�W\SHV�WKURXJK�FRGH��\RX�GHILQH�WKHP�LQ�D�ODQJXDJH�
QHXWUDO��GHFODUDWLYH�IDVKLRQ��XVLQJ�DQ�LQWHUIDFH�GHVFULSWLRQ�ODQJXDJH��,'/���7KH�V\VWHP
FDQ�WKHQ�JHQHUDWH�W\SHV�IRU�GLIIHUHQW�ODQJXDJHV��ZKLFK�LV�JRRG�IRU�LQWHURSHUDELOLW\��7KH\
DOVR�W\SLFDOO\�GHILQH�YHUVLRQLQJ�VFKHPHV�WKDW�PDNH�W\SH�HYROXWLRQ�VWUDLJKWIRUZDUG�

+DGRRS¦V�RZQ�5HFRUG�,�2��IRXQG�LQ�WKH�org.apache.hadoop.record�SDFNDJH��KDV�DQ
,'/�WKDW�LV�FRPSLOHG�LQWR�:ULWDEOH�REMHFWV��ZKLFK�PDNHV�LW�FRQYHQLHQW�IRU�JHQHUDWLQJ
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W\SHV� WKDW�DUH�FRPSDWLEOH�ZLWK�0DS5HGXFH��)RU�ZKDWHYHU� UHDVRQ��KRZHYHU��5HFRUG
,�2�ZDV�QRW�ZLGHO\�XVHG��DQG�KDV�EHHQ�GHSUHFDWHG�LQ�IDYRU�RI�$YUR�

$SDFKH�7KULIW��DQG�*RRJOH�3URWRFRO�%XIIHUV�DUH�ERWK�SRSXODU�VHULDOL]DWLRQ�IUDPHZRUNV�
DQG�WKH\�DUH�FRPPRQO\�XVHG�DV�D�IRUPDW�IRU�SHUVLVWHQW�ELQDU\�GDWD��7KHUH�LV�OLPLWHG
VXSSRUW�IRU�WKHVH�DV�0DS5HGXFH�IRUPDWV���KRZHYHU��WKH\�DUH�XVHG�LQWHUQDOO\�LQ�SDUWV
RI�+DGRRS�IRU�53&�DQG�GDWD�H[FKDQJH�

,Q�WKH�QH[W�VHFWLRQ��ZH�ORRN�DW�$YUR��DQ�,'/�EDVHG�VHULDOL]DWLRQ�IUDPHZRUN�GHVLJQHG
WR�ZRUN�ZHOO�ZLWK�ODUJH�VFDOH�GDWD�SURFHVVLQJ�LQ�+DGRRS�

Avro
$SDFKH�$YUR��LV�D�ODQJXDJH�QHXWUDO�GDWD�VHULDOL]DWLRQ�V\VWHP��7KH�SURMHFW�ZDV�FUHDWHG
E\�'RXJ�&XWWLQJ��WKH�FUHDWRU�RI�+DGRRS��WR�DGGUHVV�WKH�PDMRU�GRZQVLGH�RI�+DGRRS
:ULWDEOHV��ODFN�RI�ODQJXDJH�SRUWDELOLW\��+DYLQJ�D�GDWD�IRUPDW�WKDW�FDQ�EH�SURFHVVHG�E\
PDQ\�ODQJXDJHV��FXUUHQWO\�&��&����&���-DYD��3+3��3\WKRQ��DQG�5XE\��PDNHV�LW�HDVLHU
WR�VKDUH�GDWDVHWV�ZLWK�D�ZLGHU�DXGLHQFH�WKDQ�RQH�WLHG�WR�D�VLQJOH�ODQJXDJH��,W�LV�DOVR
PRUH�IXWXUH�SURRI��DOORZLQJ�GDWD�WR�SRWHQWLDOO\�RXWOLYH�WKH�ODQJXDJH�XVHG�WR�UHDG�DQG
ZULWH�LW�

%XW�ZK\�D�QHZ�GDWD�VHULDOL]DWLRQ�V\VWHP"�$YUR�KDV�D�VHW�RI�IHDWXUHV�WKDW��WDNHQ�WRJHWKHU�
GLIIHUHQWLDWH� LW� IURP�RWKHU�V\VWHPV�VXFK�DV�$SDFKH�7KULIW�RU�*RRJOH¦V�3URWRFRO�%XI�
IHUV���/LNH� WKHVH� V\VWHPV�DQG�RWKHUV��$YUR�GDWD� LV�GHVFULEHG�XVLQJ�D� ODQJXDJH�LQGH�
SHQGHQW�VFKHPD��+RZHYHU��XQOLNH�VRPH�RWKHU�V\VWHPV��FRGH�JHQHUDWLRQ�LV�RSWLRQDO�LQ
$YUR��ZKLFK�PHDQV�\RX�FDQ�UHDG�DQG�ZULWH�GDWD�WKDW�FRQIRUPV�WR�D�JLYHQ�VFKHPD�HYHQ
LI�\RXU�FRGH�KDV�QRW�VHHQ�WKDW�SDUWLFXODU�VFKHPD�EHIRUH��7R�DFKLHYH�WKLV��$YUR�DVVXPHV
WKDW�WKH�VFKHPD�LV�DOZD\V�SUHVHQW¢DW�ERWK�UHDG�DQG�ZULWH�WLPH¢ZKLFK�PDNHV�IRU�D
YHU\�FRPSDFW�HQFRGLQJ��VLQFH�HQFRGHG�YDOXHV�GR�QRW�QHHG�WR�EH�WDJJHG�ZLWK�D�ILHOG
LGHQWLILHU�

$YUR�VFKHPDV�DUH�XVXDOO\�ZULWWHQ�LQ�-621��DQG�GDWD�LV�XVXDOO\�HQFRGHG�XVLQJ�D�ELQDU\
IRUPDW��EXW�WKHUH�DUH�RWKHU�RSWLRQV��WRR��7KHUH�LV�D�KLJKHU�OHYHO�ODQJXDJH�FDOOHG�$YUR
,'/�IRU�ZULWLQJ�VFKHPDV�LQ�D�&�OLNH�ODQJXDJH�WKDW�LV�PRUH�IDPLOLDU�WR�GHYHORSHUV��7KHUH
LV�DOVR�D�-621�EDVHG�GDWD�HQFRGHU��ZKLFK��EHLQJ�KXPDQ�UHDGDEOH��LV�XVHIXO�IRU�SURWR�
W\SLQJ�DQG�GHEXJJLQJ�$YUR�GDWD�

7KH�$YUR�VSHFLILFDWLRQ�SUHFLVHO\�GHILQHV�WKH�ELQDU\�IRUPDW�WKDW�DOO�LPSOHPHQWDWLRQV�PXVW
VXSSRUW�� ,W� DOVR� VSHFLILHV�PDQ\� RI� WKH� RWKHU� IHDWXUHV� RI�$YUR� WKDW� LPSOHPHQWDWLRQV
VKRXOG�VXSSRUW��2QH�DUHD�WKDW�WKH�VSHFLILFDWLRQ�GRHV�QRW�UXOH�RQ��KRZHYHU�� LV�$3,V�

�� 7ZLWWHU¦V� (OHSKDQW� %LUG� SURMHFW� �KWWS���JLWKXE�FRP�NHYLQZHLO�HOHSKDQW�ELUG�� LQFOXGHV� WRROV� IRU�ZRUNLQJ
ZLWK�7KULIW�DQG�3URWRFRO�%XIIHUV�LQ�+DGRRS�

�� 1DPHG�DIWHU�WKH�%ULWLVK�DLUFUDIW�PDQXIDFWXUHU�IURP�WKH���WK�FHQWXU\�

�� $YUR�DOVR�SHUIRUPV�IDYRUDEO\�FRPSDUHG�WR�RWKHU�VHULDOL]DWLRQ�OLEUDULHV��DV�WKH�EHQFKPDUNV�DW�KWWS���FRGH
�JRRJOH�FRP�S�WKULIW�SURWREXI�FRPSDUH��GHPRQVWUDWH�
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LPSOHPHQWDWLRQV�KDYH�FRPSOHWH�ODWLWXGH�LQ�WKH�$3,�WKH\�H[SRVH�IRU�ZRUNLQJ�ZLWK�$YUR
GDWD��VLQFH�HDFK�RQH�LV�QHFHVVDULO\� ODQJXDJH�VSHFLILF��7KH�IDFW�WKDW�WKHUH� LV�RQO\�RQH
ELQDU\�IRUPDW�LV�VLJQLILFDQW��EHFDXVH�LW�PHDQV�WKH�EDUULHU�IRU�LPSOHPHQWLQJ�D�QHZ�ODQ�
JXDJH�ELQGLQJ�LV�ORZHU�DQG�DYRLGV�WKH�SUREOHP�RI�D�FRPELQDWRULDO�H[SORVLRQ�RI�ODQ�
JXDJHV�DQG�IRUPDWV��ZKLFK�ZRXOG�KDUP�LQWHURSHUDELOLW\�

$YUR� KDV� ULFK� VFKHPD� UHVROXWLRQ� FDSDELOLWLHV��:LWKLQ� FHUWDLQ� FDUHIXOO\� GHILQHG� FRQ�
VWUDLQWV��WKH�VFKHPD�XVHG�WR�UHDG�GDWD�QHHG�QRW�EH�LGHQWLFDO�WR�WKH�VFKHPD�WKDW�ZDV�XVHG
WR�ZULWH�WKH�GDWD��7KLV�LV�WKH�PHFKDQLVP�E\�ZKLFK�$YUR�VXSSRUWV�VFKHPD�HYROXWLRQ�
)RU�H[DPSOH��D�QHZ��RSWLRQDO� ILHOG�PD\�EH�DGGHG�WR�D� UHFRUG�E\�GHFODULQJ� LW� LQ� WKH
VFKHPD�XVHG�WR�UHDG�WKH�ROG�GDWD��1HZ�DQG�ROG�FOLHQWV�DOLNH�ZLOO�EH�DEOH�WR�UHDG�WKH�ROG
GDWD��ZKLOH�QHZ�FOLHQWV�FDQ�ZULWH�QHZ�GDWD�WKDW�XVHV�WKH�QHZ�ILHOG��&RQYHUVHO\��LI�DQ�ROG
FOLHQW� VHHV�QHZO\�HQFRGHG�GDWD�� LW�ZLOO� JUDFHIXOO\� LJQRUH� WKH�QHZ� ILHOG�DQG�FDUU\�RQ
SURFHVVLQJ�DV�LW�ZRXOG�KDYH�GRQH�ZLWK�ROG�GDWD�

$YUR�VSHFLILHV�DQ�REMHFW�FRQWDLQHU�IRUPDW�IRU�VHTXHQFHV�RI�REMHFWV¢VLPLODU�WR�+DGRRS¦V
VHTXHQFH�ILOH��$Q�$YUR�GDWDILOH�KDV�D�PHWDGDWD�VHFWLRQ�ZKHUH�WKH�VFKHPD�LV�VWRUHG��ZKLFK
PDNHV�WKH�ILOH�VHOI�GHVFULELQJ��$YUR�GDWDILOHV�VXSSRUW�FRPSUHVVLRQ�DQG�DUH�VSOLWWDEOH�
ZKLFK� LV� FUXFLDO� IRU� D�0DS5HGXFH�GDWD� LQSXW� IRUPDW��)XUWKHUPRUH�� VLQFH�$YUR�ZDV
GHVLJQHG�ZLWK�0DS5HGXFH�LQ�PLQG��LQ�WKH�IXWXUH�LW�ZLOO�EH�SRVVLEOH�WR�XVH�$YUR�WR�EULQJ
ILUVW�FODVV�0DS5HGXFH�$3,V��WKDW�LV��RQHV�WKDW�DUH�ULFKHU�WKDQ�6WUHDPLQJ��VXFK�DV�WKH
-DYD�$3,�RU�&���3LSHV��WR�ODQJXDJHV�WKDW�VSHDN�$YUR�

$YUR�FDQ�EH�XVHG�IRU�53&��WRR��DOWKRXJK�WKLV�LVQ¦W�FRYHUHG�KHUH��0RUH�LQIRUPDWLRQ�LV
LQ�WKH�VSHFLILFDWLRQ�

Avro Data Types and Schemas
$YUR� GHILQHV� D� VPDOO� QXPEHU� RI� SULPLWLYH� GDWD� W\SHV�� ZKLFK� FDQ� EH� XVHG� WR� EXLOG
DSSOLFDWLRQ�VSHFLILF�GDWD�VWUXFWXUHV�E\�ZULWLQJ�VFKHPDV��)RU� LQWHURSHUDELOLW\�� LPSOH�
PHQWDWLRQV�PXVW�VXSSRUW�DOO�$YUR�W\SHV�

$YUR¦V�SULPLWLYH�W\SHV�DUH�OLVWHG�LQ�7DEOH������(DFK�SULPLWLYH�W\SH�PD\�DOVR�EH�VSHFLILHG
XVLQJ�D�PRUH�YHUERVH�IRUP�E\�XVLQJ�WKH�type�DWWULEXWH��VXFK�DV�

{ "type": "null" }

7DEOH������$YUR�SULPLWLYH�W\SHV

Type Description Schema

null The absence of a value "null"

boolean A binary value "boolean"

int 32-bit signed integer "int"

long 64-bit signed integer "long"

float Single-precision (32-bit) IEEE 754 floating-point number "float"

double Double-precision (64-bit) IEEE 754 floating-point number "double"
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Type Description Schema

bytes Sequence of 8-bit unsigned bytes "bytes"

string Sequence of Unicode characters "string"

$YUR�DOVR�GHILQHV�WKH�FRPSOH[�W\SHV�OLVWHG�LQ�7DEOH�������DORQJ�ZLWK�D�UHSUHVHQWDWLYH
H[DPSOH�RI�D�VFKHPD�RI�HDFK�W\SH�

7DEOH�������$YUR�FRPSOH[�W\SHV

Type Description Schema example

array An ordered collection of objects. All objects in a partic-
ular array must have the same schema.

{
  "type": "array",
  "items": "long"
}

map An unordered collection of key-value pairs. Keys must
be strings and values may be any type, although within
a particular map, all values must have the same schema.

{
  "type": "map",
  "values": "string"
}

record A collection of named fields of any type. {
  "type": "record",
  "name": "WeatherRecord",
  "doc": "A weather reading.",
  "fields": [
    {"name": "year", "type": "int"},
    {"name": "temperature", "type": "int"},
    {"name": "stationId", "type": "string"}
  ]
}

enum A set of named values. {
  "type": "enum",
  "name": "Cutlery",
  "doc": "An eating utensil.",
  "symbols": ["KNIFE", "FORK", "SPOON"]
}

fixed A fixed number of 8-bit unsigned bytes. {
  "type": "fixed",
  "name": "Md5Hash",
  "size": 16
}

union A union of schemas. A union is represented by a JSON
array, where each element in the array is a schema.
Data represented by a union must match one of the
schemas in the union.

[
  "null",
  "string",
  {"type": "map", "values": "string"}
]

(DFK�$YUR�ODQJXDJH�$3,�KDV�D�UHSUHVHQWDWLRQ�IRU�HDFK�$YUR�W\SH�WKDW�LV�VSHFLILF�WR�WKH
ODQJXDJH��)RU�H[DPSOH��$YUR¦V�double� W\SH�LV�UHSUHVHQWHG�LQ�&��&����DQG�-DYD�E\�D
double��LQ�3\WKRQ�E\�D�float��DQG�LQ�5XE\�E\�D�Float�

:KDW¦V�PRUH��WKHUH�PD\�EH�PRUH�WKDQ�RQH�UHSUHVHQWDWLRQ��RU�PDSSLQJ��IRU�D�ODQJXDJH�
$OO�ODQJXDJHV�VXSSRUW�D�G\QDPLF�PDSSLQJ��ZKLFK�FDQ�EH�XVHG�HYHQ�ZKHQ�WKH�VFKHPD
LV�QRW�NQRZQ�DKHDG�RI�UXQWLPH��-DYD�FDOOV�WKLV�WKH�JHQHULF�PDSSLQJ�
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,Q�DGGLWLRQ��WKH�-DYD�DQG�&���LPSOHPHQWDWLRQV�FDQ�JHQHUDWH�FRGH�WR�UHSUHVHQW�WKH�GDWD
IRU�DQ�$YUR�VFKHPD��&RGH�JHQHUDWLRQ��ZKLFK�LV�FDOOHG�WKH�VSHFLILF�PDSSLQJ�LQ�-DYD��LV
DQ�RSWLPL]DWLRQ�WKDW�LV�XVHIXO�ZKHQ�\RX�KDYH�D�FRS\�RI�WKH�VFKHPD�EHIRUH�\RX�UHDG�RU
ZULWH�GDWD��*HQHUDWHG�FODVVHV�DOVR�SURYLGH�D�PRUH�GRPDLQ�RULHQWHG�$3,�IRU�XVHU�FRGH
WKDQ�JHQHULF�RQHV�

-DYD�KDV�D�WKLUG�PDSSLQJ��WKH�UHIOHFW�PDSSLQJ��ZKLFK�PDSV�$YUR�W\SHV�RQWR�SUHH[LVWLQJ
-DYD�W\SHV�XVLQJ�UHIOHFWLRQ��,W�LV�VORZHU�WKDQ�WKH�JHQHULF�DQG�VSHFLILF�PDSSLQJV��DQG�LV
JHQHUDOO\�QRW�UHFRPPHQGHG�IRU�QHZ�DSSOLFDWLRQV�

-DYD¦V�W\SH�PDSSLQJV�DUH�VKRZQ�LQ�7DEOH�������$V�WKH�WDEOH�VKRZV��WKH�VSHFLILF�PDSSLQJ
LV�WKH�VDPH�DV�WKH�JHQHULF�RQH�XQOHVV�RWKHUZLVH�QRWHG��DQG�WKH�UHIOHFW�RQH�LV�WKH�VDPH
DV�WKH�VSHFLILF�RQH�XQOHVV�QRWHG���7KH�VSHFLILF�PDSSLQJ�GLIIHUV�IURP�WKH�JHQHULF�RQH
RQO\�IRU�record��enum��DQG�fixed��DOO�RI�ZKLFK�KDYH�JHQHUDWHG�FODVVHV��WKH�QDPH�RI�ZKLFK
LV�FRQWUROOHG�E\�WKH�name�DQG�RSWLRQDO�namespace�DWWULEXWH��

$YUR�string�FDQ�EH�UHSUHVHQWHG�E\�HLWKHU�-DYD�String�RU�WKH�$YUR�Utf8
-DYD�W\SH��7KH�UHDVRQ�WR�XVH�Utf8�LV�HIILFLHQF\��EHFDXVH�LW�LV�PXWDEOH��D
VLQJOH�Utf8� LQVWDQFH�PD\�EH� UHXVHG� IRU� UHDGLQJ�RU�ZULWLQJ�D� VHULHV�RI
YDOXHV��$OVR��-DYD�String�GHFRGHV�87)���DW�REMHFW�FRQVWUXFWLRQ�WLPH�
ZKHUHDV�$YUR�Utf8�GRHV� LW� OD]LO\��ZKLFK�FDQ� LQFUHDVH�SHUIRUPDQFH� LQ
VRPH�FDVHV�

Utf8�LPSOHPHQWV�-DYD¦V�java.lang.CharSequence�LQWHUIDFH��ZKLFK�DOORZV
VRPH�LQWHURSHUDELOLW\�ZLWK�-DYD�OLEUDULHV��,Q�RWKHU�FDVHV�LW�PD\�EH�QHF�
HVVDU\� WR� FRQYHUW� Utf8� LQVWDQFHV� WR� String� REMHFWV� E\� FDOOLQJ� LWV�
toString()�PHWKRG�

)URP�$YUR�������RQZDUG��WKHUH�LV�DQ�RSWLRQ�WR�KDYH�$YUR�DOZD\V�SHUIRUP
WKH�FRQYHUVLRQ�WR�String��7KHUH�DUH�D�FRXSOH�RI�ZD\V�WR�DFKLHYH�WKLV��7KH
ILUVW�LV�WR�VHW�WKH�avro.java.string�SURSHUW\�LQ�WKH�VFKHPD�WR�String�

             { "type": "string", "avro.java.string": "String" }

$OWHUQDWLYHO\�� IRU� WKH�VSHFLILF�PDSSLQJ��\RX�FDQ�JHQHUDWH�FODVVHV� WKDW
KDYH�String�EDVHG�JHWWHUV�DQG�VHWWHUV��:KHQ�XVLQJ�WKH�$YUR�0DYHQ�SOXJ�
LQ�� WKLV� LV� GRQH� E\� VHWWLQJ� WKH� FRQILJXUDWLRQ� SURSHUW\� stringType� WR
String��WKH�H[DPSOH�FRGH�WKDW�DFFRPSDQLHV�WKH�ERRN�KDV�D�GHPRQVWUD�
WLRQ�RI�WKLV��

)LQDOO\��QRWH�WKDW�WKH�-DYD�UHIOHFW�PDSSLQJ�DOZD\V�XVHV�String�REMHFWV�
VLQFH�LW�LV�GHVLJQHG�IRU�-DYD�FRPSDWLELOLW\��QRW�SHUIRUPDQFH�

7DEOH�������$YUR�-DYD�W\SH�PDSSLQJV

Avro type Generic Java mapping Specific Java mapping Reflect Java mapping

null null type
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Avro type Generic Java mapping Specific Java mapping Reflect Java mapping

boolean boolean

int int short or int

long long

float float

double double

bytes java.nio.ByteBuffer Array of byte

string org.apache.avro.
util.Utf8
or java.lang.String

java.lang.String

array org.apache.avro.
generic.GenericArray

Array or java.util.Collection

map java.util.Map

record org.apache.avro.
generic.Generic
Record

Generated class implementing
org.apache.avro.
specific.Specific
Record.

Arbitrary user class with a zero-
argument constructor. All inherited
nontransient instance fields are used.

enum java.lang.String Generated Java enum. Arbitrary Java enum.

fixed org.apache.avro.
generic.GenericFixed

Generated class implementing
org.apache.avro.
specific.SpecificFixed.

org.apache.avro.
generic.GenericFixed

union java.lang.Object

In-Memory Serialization and Deserialization
$YUR�SURYLGHV�$3,V�IRU�VHULDOL]DWLRQ�DQG�GHVHULDOL]DWLRQ��ZKLFK�DUH�XVHIXO�ZKHQ�\RX
ZDQW�WR�LQWHJUDWH�$YUR�ZLWK�DQ�H[LVWLQJ�V\VWHP��VXFK�DV�D�PHVVDJLQJ�V\VWHP�ZKHUH�WKH
IUDPLQJ�IRUPDW�LV�DOUHDG\�GHILQHG��,Q�RWKHU�FDVHV��FRQVLGHU�XVLQJ�$YUR¦V�GDWDILOH�IRUPDW�

/HW¦V�ZULWH�D�-DYD�SURJUDP�WR�UHDG�DQG�ZULWH�$YUR�GDWD�WR�DQG�IURP�VWUHDPV��:H¦OO�VWDUW
ZLWK�D�VLPSOH�$YUR�VFKHPD�IRU�UHSUHVHQWLQJ�D�SDLU�RI�VWULQJV�DV�D�UHFRUG�

{
  "type": "record",
  "name": "StringPair",
  "doc": "A pair of strings.",
  "fields": [
    {"name": "left", "type": "string"},
    {"name": "right", "type": "string"}
  ]
}
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,I� WKLV� VFKHPD� LV� VDYHG� LQ�D� ILOH�RQ� WKH�FODVVSDWK�FDOOHG�6WULQJ3DLU�DYVF� �.avsc� LV� WKH
FRQYHQWLRQDO�H[WHQVLRQ�IRU�DQ�$YUR�VFKHPD���ZH�FDQ�ORDG�LW�XVLQJ�WKH�IROORZLQJ�WZR
OLQHV�RI�FRGH�

    Schema.Parser parser = new Schema.Parser();
    Schema schema = parser.parse(getClass().getResourceAsStream("StringPair.avsc"));

:H�FDQ�FUHDWH�DQ�LQVWDQFH�RI�DQ�$YUR�UHFRUG�XVLQJ�WKH�JHQHULF�$3,�DV�IROORZV�

    GenericRecord datum = new GenericData.Record(schema);
    datum.put("left", "L");
    datum.put("right", "R");

1H[W��ZH�VHULDOL]H�WKH�UHFRUG�WR�DQ�RXWSXW�VWUHDP�

    ByteArrayOutputStream out = new ByteArrayOutputStream();
    DatumWriter<GenericRecord> writer = new GenericDatumWriter<GenericRecord>(schema);
    Encoder encoder = EncoderFactory.get().binaryEncoder(out, null);
    writer.write(datum, encoder);
    encoder.flush();
    out.close();

7KHUH� DUH� WZR� LPSRUWDQW� REMHFWV� KHUH�� WKH� DatumWriter� DQG� WKH� Encoder�� $�
DatumWriter�WUDQVODWHV�GDWD�REMHFWV�LQWR�WKH�W\SHV�XQGHUVWRRG�E\�DQ�Encoder��ZKLFK�WKH
ODWWHU�ZULWHV�WR�WKH�RXWSXW�VWUHDP��+HUH�ZH�DUH�XVLQJ�D�GenericDatumWriter��ZKLFK�SDVVHV
WKH�ILHOGV�RI�GenericRecord�WR�WKH�Encoder��:H�SDVV�D�null�WR�WKH�HQFRGHU�IDFWRU\�EHFDXVH
ZH�DUH�QRW�UHXVLQJ�D�SUHYLRXVO\�FRQVWUXFWHG�HQFRGHU�KHUH�

,Q�WKLV�H[DPSOH�RQO\�RQH�REMHFW�LV�ZULWWHQ�WR�WKH�VWUHDP��EXW�ZH�FRXOG�FDOO�write()�ZLWK
PRUH�REMHFWV�EHIRUH�FORVLQJ�WKH�VWUHDP�LI�ZH�ZDQWHG�WR�

7KH�GenericDatumWriter�QHHGV�WR�EH�SDVVHG�WKH�VFKHPD�EHFDXVH�LW�IROORZV�WKH�VFKHPD
WR�GHWHUPLQH�ZKLFK�YDOXHV�IURP�WKH�GDWD�REMHFWV�WR�ZULWH�RXW��$IWHU�ZH�KDYH�FDOOHG�WKH
ZULWHU¦V�write()�PHWKRG��ZH�IOXVK�WKH�HQFRGHU��WKHQ�FORVH�WKH�RXWSXW�VWUHDP�

:H�FDQ�UHYHUVH�WKH�SURFHVV�DQG�UHDG�WKH�REMHFW�EDFN�IURP�WKH�E\WH�EXIIHU�

    DatumReader<GenericRecord> reader = new GenericDatumReader<GenericRecord>(schema);
    Decoder decoder = DecoderFactory.get().binaryDecoder(out.toByteArray(), null);
    GenericRecord result = reader.read(null, decoder);
    assertThat(result.get("left").toString(), is("L"));
    assertThat(result.get("right").toString(), is("R"));

:H�SDVV�null�WR�WKH�FDOOV�WR�binaryDecoder()�DQG�read()�EHFDXVH�ZH�DUH�QRW�UHXVLQJ
REMHFWV�KHUH��WKH�GHFRGHU�RU�WKH�UHFRUG��UHVSHFWLYHO\��

7KH�REMHFWV�UHWXUQHG�E\�result.get("left")�DQG�result.get("left")�DUH�RI�W\SH�Utf8�
VR�ZH�FRQYHUW�WKHP�LQWR�-DYD�String�REMHFWV�E\�FDOOLQJ�WKHLU�toString()�PHWKRGV�

The specific API
/HW¦V� ORRN�QRZ�DW� WKH�HTXLYDOHQW�FRGH�XVLQJ�WKH�VSHFLILF�$3,��:H�FDQ�JHQHUDWH� WKH�
StringPair�FODVV� IURP�WKH�VFKHPD�ILOH�E\�XVLQJ�$YUR¦V�0DYHQ�SOXJ�LQ�IRU�FRPSLOLQJ
VFKHPDV��7KH�IROORZLQJ�LV�WKH�UHOHYDQW�SDUW�RI�WKH�0DYHQ�3URMHFW�2EMHFW�0RGHO��320��
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<project>
  ...
  <build>
    <plugins>
      <plugin>
        <groupId>org.apache.avro</groupId>
        <artifactId>avro-maven-plugin</artifactId>
        <version>${avro.version}</version>
        <executions>
          <execution>
            <id>schemas</id>
            <phase>generate-sources</phase>
            <goals>
              <goal>schema</goal>
            </goals>
            <configuration>
              <includes>
                <include>StringPair.avsc</include>
              </includes>
              <sourceDirectory>src/main/resources</sourceDirectory>
              <outputDirectory>${project.build.directory}/generated-sources/java
              </outputDirectory>
            </configuration>
          </execution>
        </executions>
      </plugin>
    </plugins>
  </build>
  ...
</project>

$V� DQ� DOWHUQDWLYH� WR� 0DYHQ�� \RX� FDQ� XVH� $YUR¦V� $QW� WDVN�� org.apache.avro.spe
cific.SchemaTask��RU�WKH�$YUR�FRPPDQG�OLQH�WRROV��WR�JHQHUDWH�-DYD�FRGH�IRU�D�VFKHPD�

,Q�WKH�FRGH�IRU�VHULDOL]LQJ�DQG�GHVHULDOL]LQJ��LQVWHDG�RI�D�GenericRecord�ZH�FRQVWUXFW�D�
StringPair�LQVWDQFH��ZKLFK�ZH�ZULWH�WR�WKH�VWUHDP�XVLQJ�D�SpecificDatumWriter�DQG
UHDG�EDFN�XVLQJ�D�SpecificDatumReader�

    StringPair datum = new StringPair();
    datum.left = "L";
    datum.right = "R";

    ByteArrayOutputStream out = new ByteArrayOutputStream();
    DatumWriter<StringPair> writer =
      new SpecificDatumWriter<StringPair>(StringPair.class);
    Encoder encoder = EncoderFactory.get().binaryEncoder(out, null);
    writer.write(datum, encoder);
    encoder.flush();
    out.close();
    
    DatumReader<StringPair> reader =
      new SpecificDatumReader<StringPair>(StringPair.class);

�� $YUR�FDQ�EH�GRZQORDGHG�LQ�ERWK�VRXUFH�DQG�ELQDU\�IRUPV�IURP�KWWS���DYUR�DSDFKH�RUJ�UHOHDVHV�KWPO��*HW
XVDJH�LQVWUXFWLRQV�IRU�WKH�$YUR�WRROV�E\�W\SLQJ�java -jar avro-tools-*.jar�
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    Decoder decoder = DecoderFactory.get().binaryDecoder(out.toByteArray(), null);
    StringPair result = reader.read(null, decoder);
    assertThat(result.left.toString(), is("L"));
    assertThat(result.right.toString(), is("R"));

)URP�$YUR��������WKH�JHQHUDWHG�-DYD�FRGH�KDV�JHWWHUV�DQG�VHWWHUV��VR�\RX�FDQ�LQVWHDG
ZULWH�datum.setLeft("L")�DQG�result.getLeft()�

Avro Datafiles
$YUR¦V�REMHFW�FRQWDLQHU�ILOH�IRUPDW�LV�IRU�VWRULQJ�VHTXHQFHV�RI�$YUR�REMHFWV��,W�LV�YHU\
VLPLODU� LQ� GHVLJQ� WR� +DGRRS¦V� VHTXHQFH� ILOHV�� ZKLFK� DUH� GHVFULEHG� LQ� £6HTXHQFH�
)LOH¤�RQ�SDJH������7KH�PDLQ�GLIIHUHQFH�LV�WKDW�$YUR�GDWDILOHV�DUH�GHVLJQHG�WR�EH�SRUWDEOH
DFURVV�ODQJXDJHV��VR��IRU�H[DPSOH��\RX�FDQ�ZULWH�D�ILOH�LQ�3\WKRQ�DQG�UHDG�LW�LQ�&��ZH
ZLOO�GR�H[DFWO\�WKLV�LQ�WKH�QH[W�VHFWLRQ��

$�GDWDILOH�KDV�D�KHDGHU�FRQWDLQLQJ�PHWDGDWD��LQFOXGLQJ�WKH�$YUR�VFKHPD�DQG�D�V\QF
PDUNHU��IROORZHG�E\�D�VHULHV�RI��RSWLRQDOO\�FRPSUHVVHG��EORFNV�FRQWDLQLQJ�WKH�VHULDOL]HG
$YUR�REMHFWV��%ORFNV�DUH�VHSDUDWHG�E\�D�V\QF�PDUNHU�WKDW�LV�XQLTXH�WR�WKH�ILOH��WKH�PDUNHU
IRU�D�SDUWLFXODU�ILOH�LV�IRXQG�LQ�WKH�KHDGHU��DQG�WKDW�SHUPLWV�UDSLG�UHV\QFKURQL]DWLRQ
ZLWK�D�EORFN�ERXQGDU\�DIWHU�VHHNLQJ�WR�DQ�DUELWUDU\�SRLQW�LQ�WKH�ILOH��VXFK�DV�DQ�+')6
EORFN�ERXQGDU\��7KXV��$YUR�GDWDILOHV�DUH�VSOLWWDEOH��ZKLFK�PDNHV�WKHP�DPHQDEOH�WR
HIILFLHQW�0DS5HGXFH�SURFHVVLQJ�

:ULWLQJ� $YUR� REMHFWV� WR� D� GDWDILOH� LV� VLPLODU� WR� ZULWLQJ� WR� D� VWUHDP�� :H� XVH� D�
DatumWriter� DV�EHIRUH��EXW� LQVWHDG�RI�XVLQJ�DQ�Encoder��ZH�FUHDWH�D�DataFileWriter
LQVWDQFH�ZLWK�WKH�DatumWriter��7KHQ�ZH�FDQ�FUHDWH�D�QHZ�GDWDILOH��ZKLFK��E\�FRQYHQ�
WLRQ��KDV�D�.avro�H[WHQVLRQ��DQG�DSSHQG�REMHFWV�WR�LW�

    File file = new File("data.avro");
    DatumWriter<GenericRecord> writer = new GenericDatumWriter<GenericRecord>(schema);
    DataFileWriter<GenericRecord> dataFileWriter =
      new DataFileWriter<GenericRecord>(writer);
    dataFileWriter.create(schema, file);
    dataFileWriter.append(datum);
    dataFileWriter.close();

7KH�REMHFWV�WKDW�ZH�ZULWH�WR�WKH�GDWDILOH�PXVW�FRQIRUP�WR�WKH�ILOH¦V�VFKHPD��RWKHUZLVH�
DQ�H[FHSWLRQ�ZLOO�EH�WKURZQ�ZKHQ�ZH�FDOO�append()�

7KLV�H[DPSOH�GHPRQVWUDWHV�ZULWLQJ�WR�D�ORFDO�ILOH��java.io.File�LQ�WKH�SUHYLRXV�VQLSSHW��
EXW�ZH�FDQ�ZULWH�WR�DQ\�java.io.OutputStream�E\�XVLQJ�WKH�RYHUORDGHG�create()�PHWKRG
RQ�DataFileWriter��7R�ZULWH�D�ILOH�WR�+')6��IRU�H[DPSOH��JHW�DQ�OutputStream�E\�FDOOLQJ�
create()�RQ�FileSystem��VHH�£:ULWLQJ�'DWD¤�RQ�SDJH�����

5HDGLQJ�EDFN�REMHFWV�IURP�D�GDWDILOH�LV�VLPLODU�WR�WKH�HDUOLHU�FDVH�RI�UHDGLQJ�REMHFWV�IURP
DQ� LQ�PHPRU\� VWUHDP�� ZLWK� RQH� LPSRUWDQW� GLIIHUHQFH�� ZH� GRQ¦W� KDYH� WR� VSHFLI\� D
VFKHPD��VLQFH�LW�LV�UHDG�IURP�WKH�ILOH�PHWDGDWD��,QGHHG��ZH�FDQ�JHW�WKH�VFKHPD�IURP�WKH�
DataFileReader�LQVWDQFH��XVLQJ�getSchema()��DQG�YHULI\�WKDW�LW�LV�WKH�VDPH�DV�WKH�RQH�ZH
XVHG�WR�ZULWH�WKH�RULJLQDO�REMHFW�

Avro | 117



    DatumReader<GenericRecord> reader = new GenericDatumReader<GenericRecord>();
    DataFileReader<GenericRecord> dataFileReader =
      new DataFileReader<GenericRecord>(file, reader);
    assertThat("Schema is the same", schema, is(dataFileReader.getSchema()));

DataFileReader�LV�D�UHJXODU�-DYD�LWHUDWRU��VR�ZH�FDQ�LWHUDWH�WKURXJK�LWV�GDWD�REMHFWV�E\
FDOOLQJ�LWV�hasNext()�DQG�next()�PHWKRGV��7KH�IROORZLQJ�VQLSSHW�FKHFNV�WKDW�WKHUH�LV
RQO\�RQH�UHFRUG�DQG�WKDW�LW�KDV�WKH�H[SHFWHG�ILHOG�YDOXHV�

    assertThat(dataFileReader.hasNext(), is(true));
    GenericRecord result = dataFileReader.next();
    assertThat(result.get("left").toString(), is("L"));
    assertThat(result.get("right").toString(), is("R"));
    assertThat(dataFileReader.hasNext(), is(false));

5DWKHU�WKDQ�XVLQJ�WKH�XVXDO�next()�PHWKRG��KRZHYHU��LW�LV�SUHIHUDEOH�WR�XVH�WKH�RYHU�
ORDGHG� IRUP� WKDW� WDNHV� DQ� LQVWDQFH� RI� WKH� REMHFW� WR� EH� UHWXUQHG� �LQ� WKLV� FDVH�
GenericRecord���VLQFH�LW�ZLOO�UHXVH�WKH�REMHFW�DQG�VDYH�DOORFDWLRQ�DQG�JDUEDJH�FROOHFWLRQ
FRVWV�IRU�ILOHV�FRQWDLQLQJ�PDQ\�REMHFWV��7KH�IROORZLQJ�LV�LGLRPDWLF�

    GenericRecord record = null;
    while (dataFileReader.hasNext()) {
      record = dataFileReader.next(record);
      // process record
    }

,I�REMHFW�UHXVH�LV�QRW�LPSRUWDQW��\RX�FDQ�XVH�WKLV�VKRUWHU�IRUP�

    for (GenericRecord record : dataFileReader) {
      // process record
    }

)RU�WKH�JHQHUDO�FDVH�RI�UHDGLQJ�D�ILOH�RQ�D�+DGRRS�ILOHV\VWHP��XVH�$YUR¦V�FsInput�WR
VSHFLI\�WKH�LQSXW�ILOH�XVLQJ�D�+DGRRS�Path�REMHFW��DataFileReader�DFWXDOO\�RIIHUV�UDQGRP
DFFHVV�WR�$YUR�GDWDILOHV��YLD�LWV�seek()�DQG�sync()�PHWKRGV���KRZHYHU��LQ�PDQ\�FDVHV�
VHTXHQWLDO�VWUHDPLQJ�DFFHVV� LV�VXIILFLHQW��IRU�ZKLFK�DataFileStream�VKRXOG�EH�XVHG��
DataFileStream�FDQ�UHDG�IURP�DQ\�-DYD�InputStream�

Interoperability
7R� GHPRQVWUDWH� $YUR¦V� ODQJXDJH� LQWHURSHUDELOLW\�� OHW¦V� ZULWH� D� GDWDILOH� XVLQJ� RQH
ODQJXDJH��3\WKRQ��DQG�UHDG�LW�EDFN�ZLWK�DQRWKHU��&��

Python API
7KH�SURJUDP�LQ�([DPSOH������UHDGV�FRPPD�VHSDUDWHG�VWULQJV�IURP�VWDQGDUG�LQSXW�DQG
ZULWHV�WKHP�DV�StringPair�UHFRUGV�WR�DQ�$YUR�GDWDILOH��/LNH�WKH�-DYD�FRGH�IRU�ZULWLQJ�D
GDWDILOH��ZH�FUHDWH�D�DatumWriter� DQG�D�DataFileWriter�REMHFW��1RWLFH� WKDW�ZH�KDYH
HPEHGGHG�WKH�$YUR�VFKHPD�LQ�WKH�FRGH��DOWKRXJK�ZH�FRXOG�HTXDOO\�ZHOO�KDYH�UHDG�LW
IURP�D�ILOH�
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3\WKRQ�UHSUHVHQWV�$YUR�UHFRUGV�DV�GLFWLRQDULHV��HDFK�OLQH�WKDW�LV�UHDG�IURP�VWDQGDUG�LQ
LV�WXUQHG�LQWR�D�dict�REMHFW�DQG�DSSHQGHG�WR�WKH�DataFileWriter�

([DPSOH�������$�3\WKRQ�SURJUDP�IRU�ZULWLQJ�$YUR�UHFRUG�SDLUV�WR�D�GDWDILOH

import os
import string
import sys

from avro import schema
from avro import io
from avro import datafile

if __name__ == '__main__':
  if len(sys.argv) != 2:
    sys.exit('Usage: %s <data_file>' % sys.argv[0])
  avro_file = sys.argv[1]
  writer = open(avro_file, 'wb')
  datum_writer = io.DatumWriter()
  schema_object = schema.parse("\
{ "type": "record",
  "name": "StringPair",
  "doc": "A pair of strings.",
  "fields": [
    {"name": "left", "type": "string"},
    {"name": "right", "type": "string"}
  ]
}")
  dfw = datafile.DataFileWriter(writer, datum_writer, schema_object)
  for line in sys.stdin.readlines():
    (left, right) = string.split(line.strip(), ',')
    dfw.append({'left':left, 'right':right});
  dfw.close()

%HIRUH�ZH�FDQ�UXQ�WKH�SURJUDP��ZH�QHHG�WR�LQVWDOO�$YUR�IRU�3\WKRQ�

% easy_install avro

7R�UXQ�WKH�SURJUDP��ZH�VSHFLI\�WKH�QDPH�RI�WKH�ILOH�WR�ZULWH�RXWSXW�WR��SDLUV�DYUR��DQG
VHQG�LQSXW�SDLUV�RYHU�VWDQGDUG�LQ��PDUNLQJ�WKH�HQG�RI�ILOH�E\�W\SLQJ�&WUO�'�

% python avro/src/main/py/write_pairs.py pairs.avro 
a,1
c,2
b,3
b,2
^D
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C API
1H[W� ZH¦OO� WXUQ� WR� WKH� &� $3,� DQG� ZULWH� D� SURJUDP� WR� GLVSOD\� WKH� FRQWHQWV� RI
SDLUV�DYUR��VHH�([DPSOH�������

([DPSOH�������$�&�SURJUDP�IRU�UHDGLQJ�$YUR�UHFRUG�SDLUV�IURP�D�GDWDILOH

#include <avro.h>
#include <stdio.h>
#include <stdlib.h>

int main(int argc, char *argv[]) {
  if (argc != 2) {
    fprintf(stderr, "Usage: dump_pairs <data_file>\n");
    exit(EXIT_FAILURE);
  }
  
  const char *avrofile = argv[1];
  avro_schema_error_t error;
  avro_file_reader_t filereader;
  avro_datum_t pair;
  avro_datum_t left;
  avro_datum_t right;
  int rval;
  char *p;

  avro_file_reader(avrofile, &filereader);
  while (1) {
    rval = avro_file_reader_read(filereader, NULL, &pair);
    if (rval) break;
    if (avro_record_get(pair, "left", &left) == 0) {
      avro_string_get(left, &p);
      fprintf(stdout, "%s,", p);
    }
    if (avro_record_get(pair, "right", &right) == 0) {
      avro_string_get(right, &p);
      fprintf(stdout, "%s\n", p);
    }
  }
  avro_file_reader_close(filereader);
  return 0;
}

7KH�FRUH�RI�WKH�SURJUDP�GRHV�WKUHH�WKLQJV�

�� 2SHQV� D� ILOH� UHDGHU� RI� W\SH� avro_file_reader_t� E\� FDOOLQJ� $YUR¦V� avro_
file_reader�IXQFWLRQ�

�� )RU�WKH�JHQHUDO�FDVH��WKH�$YUR�WRROV�-$5�ILOH�KDV�D�tojson�FRPPDQG�WKDW�GXPSV�WKH�FRQWHQWV�RI�D�$YUR
GDWDILOH�DV�-621�

�� $YUR�IXQFWLRQV�DQG�W\SHV�KDYH�D�avro_�SUHIL[�DQG�DUH�GHILQHG�LQ�WKH�DYUR�K�KHDGHU�ILOH�
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�� 5HDGV�$YUR�GDWD�IURP�WKH�ILOH�UHDGHU�ZLWK�WKH�avro_file_reader_read�IXQFWLRQ�LQ�D
ZKLOH�ORRS�XQWLO�WKHUH�DUH�QR�SDLUV�OHIW��DV�GHWHUPLQHG�E\�WKH�UHWXUQ�YDOXH�rval�

�� &ORVHV�WKH�ILOH�UHDGHU�ZLWK�avro_file_reader_close

7KH�avro_file_reader_read�IXQFWLRQ�DFFHSWV�D�VFKHPD�DV�LWV�VHFRQG�DUJXPHQW�WR�VXS�
SRUW�WKH�FDVH�ZKHUH�WKH�VFKHPD�IRU�UHDGLQJ�LV�GLIIHUHQW�IURP�WKH�RQH�XVHG�ZKHQ�WKH�ILOH
ZDV�ZULWWHQ��WKLV�LV�H[SODLQHG�LQ�WKH�QH[W�VHFWLRQ���EXW�ZH�VLPSO\�SDVV�LQ�NULL��ZKLFK
WHOOV� $YUR� WR� XVH� WKH� GDWDILOH¦V� VFKHPD�� 7KH� WKLUG� DUJXPHQW� LV� D� SRLQWHU� WR� D�
avro_datum_t�REMHFW��ZKLFK�LV�SRSXODWHG�ZLWK�WKH�FRQWHQWV�RI�WKH�QH[W�UHFRUG�UHDG�IURP
WKH�ILOH��:H�XQSDFN�WKH�SDLU�VWUXFWXUH�LQWR�LWV�ILHOGV�E\�FDOOLQJ�avro_record_get��DQG
WKHQ�ZH�H[WUDFW�WKH�YDOXH�RI�WKHVH�ILHOGV�DV�VWULQJV�XVLQJ�avro_string_get��ZKLFK�ZH
SULQW�WR�WKH�FRQVROH�

5XQQLQJ�WKH�SURJUDP�XVLQJ�WKH�RXWSXW�RI�WKH�3\WKRQ�SURJUDP�SULQWV�WKH�RULJLQDO�LQSXW�

% ./dump_pairs pairs.avro
a,1
c,2
b,3
b,2

:H�KDYH�VXFFHVVIXOO\�H[FKDQJHG�FRPSOH[�GDWD�EHWZHHQ�WZR�$YUR�LPSOHPHQWDWLRQV�

Schema Resolution
:H� FDQ� FKRRVH� WR� XVH� D� GLIIHUHQW� VFKHPD� IRU� UHDGLQJ� WKH� GDWD� EDFN� �WKH� UHDGHU¦V
VFKHPD��IURP�WKH�RQH�ZH�XVHG�WR�ZULWH�LW��WKH�ZULWHU¦V�VFKHPD���7KLV�LV�D�SRZHUIXO�WRRO
EHFDXVH�LW�HQDEOHV�VFKHPD�HYROXWLRQ��7R�LOOXVWUDWH��FRQVLGHU�D�QHZ�VFKHPD�IRU�VWULQJ
SDLUV�ZLWK�DQ�DGGHG�description�ILHOG�

{
  "type": "record",
  "name": "StringPair",
  "doc": "A pair of strings with an added field.",
  "fields": [
    {"name": "left", "type": "string"},
    {"name": "right", "type": "string"},
    {"name": "description", "type": "string", "default": "}
  ]
}

:H�FDQ�XVH�WKLV�VFKHPD�WR�UHDG�WKH�GDWD�ZH�VHULDOL]HG�HDUOLHU�EHFDXVH�FUXFLDOO\��ZH�KDYH
JLYHQ�WKH�description� ILHOG�D�GHIDXOW�YDOXH��WKH�HPSW\�VWULQJ����ZKLFK�$YUR�ZLOO�XVH
ZKHQ�WKHUH�LV�QR�ILHOG�GHILQHG�LQ�WKH�UHFRUGV�LW�LV�UHDGLQJ��+DG�ZH�RPLWWHG�WKH�default
DWWULEXWH��ZH�ZRXOG�JHW�DQ�HUURU�ZKHQ�WU\LQJ�WR�UHDG�WKH�ROG�GDWD�

�� 'HIDXOW�YDOXHV�IRU� ILHOGV�DUH�HQFRGHG�XVLQJ�-621��6HH�WKH�$YUR�VSHFLILFDWLRQ�IRU�D�GHVFULSWLRQ�RI�WKLV
HQFRGLQJ�IRU�HDFK�GDWD�W\SH�
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7R�PDNH�WKH�GHIDXOW�YDOXH�null�UDWKHU�WKDQ�WKH�HPSW\�VWULQJ��ZH�ZRXOG
LQVWHDG�GHILQH�WKH�GHVFULSWLRQ�ILHOG�XVLQJ�D�XQLRQ�ZLWK�WKH�null�$YUR
W\SH�

{"name": "description", "type": ["null", "string"], "default": null}

:KHQ�WKH�UHDGHU¦V�VFKHPD�LV�GLIIHUHQW�IURP�WKH�ZULWHU¦V��ZH�XVH�WKH�FRQVWUXFWRU�IRU�
GenericDatumReader�WKDW�WDNHV�WZR�VFKHPD�REMHFWV��WKH�ZULWHU¦V�DQG�WKH�UHDGHU¦V��LQ�WKDW
RUGHU�

    DatumReader<GenericRecord> reader =
      new GenericDatumReader<GenericRecord>(schema, newSchema);
    Decoder decoder = DecoderFactory.get().binaryDecoder(out.toByteArray(), null);
    GenericRecord result = reader.read(null, decoder);
    assertThat(result.get("left").toString(), is("L"));
    assertThat(result.get("right").toString(), is("R"));
    assertThat(result.get("description").toString(), is("));

)RU�GDWDILOHV��ZKLFK�KDYH�WKH�ZULWHU¦V�VFKHPD�VWRUHG�LQ�WKH�PHWDGDWD��ZH�RQO\�QHHG�WR
VSHFLI\�WKH�UHDGHUV¦V�VFKHPD�H[SOLFLWO\��ZKLFK�ZH�FDQ�GR�E\�SDVVLQJ�null�IRU�WKH�ZULWHU¦V
VFKHPD�

    DatumReader<GenericRecord> reader =
      new GenericDatumReader<GenericRecord>(null, newSchema);

$QRWKHU�FRPPRQ�XVH�RI�D�GLIIHUHQW�UHDGHU¦V�VFKHPD�LV�WR�GURS�ILHOGV�LQ�D�UHFRUG��DQ
RSHUDWLRQ�FDOOHG�SURMHFWLRQ��7KLV�LV�XVHIXO�ZKHQ�\RX�KDYH�UHFRUGV�ZLWK�D�ODUJH�QXPEHU
RI�ILHOGV�DQG�\RX�ZDQW�WR�UHDG�RQO\�VRPH�RI�WKHP��)RU�H[DPSOH��WKLV�VFKHPD�FDQ�EH
XVHG�WR�JHW�RQO\�WKH�right�ILHOG�RI�D�StringPair�

{
  "type": "record",
  "name": "StringPair",
  "doc": "The right field of a pair of strings.",
  "fields": [
    {"name": "right", "type": "string"}
  ]
}

7KH�UXOHV�IRU�VFKHPD�UHVROXWLRQ�KDYH�D�GLUHFW�EHDULQJ�RQ�KRZ�VFKHPDV�PD\�HYROYH�IURP
RQH�YHUVLRQ�WR�WKH�QH[W��DQG�DUH�VSHOOHG�RXW�LQ�WKH�$YUR�VSHFLILFDWLRQ�IRU�DOO�$YUR�W\SHV�
$�VXPPDU\�RI� WKH�UXOHV� IRU� UHFRUG�HYROXWLRQ� IURP�WKH�SRLQW�RI�YLHZ�RI� UHDGHUV�DQG
ZULWHUV��RU�VHUYHUV�DQG�FOLHQWV��LV�SUHVHQWHG�LQ�7DEOH������

7DEOH�������6FKHPD�UHVROXWLRQ�RI�UHFRUGV

New schema Writer Reader Action

Added field Old New The reader uses the default value of the new field, since it is not written by the writer.

New Old The reader does not know about the new field written by the writer, so it is ignored
(projection).

Removed field Old New The reader ignores the removed field (projection).
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New schema Writer Reader Action

New Old The removed field is not written by the writer. If the old schema had a default defined
for the field, the reader uses this; otherwise, it gets an error. In this case, it is best to
update the reader’s schema, either at the same time as or before the writer’s.

$QRWKHU�XVHIXO�WHFKQLTXH�IRU�HYROYLQJ�$YUR�VFKHPDV�LV�WKH�XVH�RI�QDPH�DOLDVHV��$OLDVHV
DOORZ�\RX�WR�XVH�GLIIHUHQW�QDPHV�LQ�WKH�VFKHPD�XVHG�WR�UHDG�WKH�$YUR�GDWD�WKDQ�LQ�WKH
VFKHPD�RULJLQDOO\�XVHG�WR�ZULWH�WKH�GDWD��)RU�H[DPSOH��WKH�IROORZLQJ�UHDGHU¦V�VFKHPD
FDQ�EH�XVHG�WR�UHDG�StringPair�GDWD�ZLWK�WKH�QHZ�ILHOG�QDPHV�first�DQG�second�LQVWHDG
RI�left�DQG�right��ZKLFK�LV�ZKDW�LW�ZDV�ZULWWHQ�ZLWK��

{
  "type": "record",
  "name": "StringPair",
  "doc": "A pair of strings with aliased field names.",
  "fields": [
    {"name": "first", "type": "string", "aliases": ["left"]},
    {"name": "second", "type": "string", "aliases": ["right"]}
  ]
}

1RWH�WKDW�WKH�DOLDVHV�DUH�XVHG�WR�WUDQVODWH��DW�UHDG�WLPH��WKH�ZULWHU¦V�VFKHPD�LQWR�WKH
UHDGHU¦V��EXW�WKH�DOLDV�QDPHV�DUH�QRW�DYDLODEOH�WR�WKH�UHDGHU��,Q�WKLV�H[DPSOH��WKH�UHDGHU
FDQQRW�XVH�WKH�ILHOG�QDPHV�left�DQG�right��EHFDXVH�WKH\�KDYH�DOUHDG\�EHHQ�WUDQVODWHG
WR�first�DQG�second�

Sort Order
$YUR�GHILQHV�D�VRUW�RUGHU�IRU�REMHFWV��)RU�PRVW�$YUR�W\SHV��WKH�RUGHU�LV�WKH�QDWXUDO�RQH
\RX�ZRXOG� H[SHFW¢IRU� H[DPSOH�� QXPHULF� W\SHV� DUH� RUGHUHG�E\� DVFHQGLQJ�QXPHULF
YDOXH��2WKHUV�DUH�D�OLWWOH�PRUH�VXEWOH��)RU�LQVWDQFH��HQXPV�DUH�FRPSDUHG�E\�WKH�RUGHU
LQ�ZKLFK�WKH�V\PERO�LV�GHILQHG�DQG�QRW�E\�WKH�YDOXH�RI�WKH�V\PERO�VWULQJ�

$OO�W\SHV�H[FHSW�record�KDYH�SUHRUGDLQHG�UXOHV�IRU�WKHLU�VRUW�RUGHU��DV�GHVFULEHG�LQ�WKH
$YUR�VSHFLILFDWLRQ��WKDW�FDQQRW�EH�RYHUULGGHQ�E\�WKH�XVHU��)RU�UHFRUGV��KRZHYHU��\RX
FDQ�FRQWURO�WKH�VRUW�RUGHU�E\�VSHFLI\LQJ�WKH�order�DWWULEXWH�IRU�D�ILHOG��,W�WDNHV�RQH�RI
WKUHH�YDOXHV��ascending��WKH�GHIDXOW���descending��WR�UHYHUVH�WKH�RUGHU���RU�ignore��VR
WKH�ILHOG�LV�VNLSSHG�IRU�FRPSDULVRQ�SXUSRVHV��

)RU� H[DPSOH�� WKH� IROORZLQJ� VFKHPD� �6RUWHG6WULQJ3DLU�DYVF�� GHILQHV� DQ� RUGHULQJ� RI�
StringPair�UHFRUGV�E\�WKH�right�ILHOG�LQ�GHVFHQGLQJ�RUGHU��7KH�left�ILHOG�LV�LJQRUHG�IRU
WKH�SXUSRVHV�RI�RUGHULQJ��EXW�LW�LV�VWLOO�SUHVHQW�LQ�WKH�SURMHFWLRQ�

{
  "type": "record",
  "name": "StringPair",
  "doc": "A pair of strings, sorted by right field descending.",
  "fields": [
    {"name": "left", "type": "string", "order": "ignore"},
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    {"name": "right", "type": "string", "order": "descending"}
  ]
}

7KH�UHFRUG¦V�ILHOGV�DUH�FRPSDUHG�SDLUZLVH�LQ�WKH�GRFXPHQW�RUGHU�RI�WKH�UHDGHU¦V�VFKHPD�
7KXV�� E\� VSHFLI\LQJ� DQ� DSSURSULDWH� UHDGHU¦V� VFKHPD�� \RX� FDQ� LPSRVH� DQ� DUELWUDU\
RUGHULQJ�RQ�GDWD�UHFRUGV��7KLV�VFKHPD��6ZLWFKHG6WULQJ3DLU�DYVF��GHILQHV�D�VRUW�RUGHU
E\�WKH�right�ILHOG��WKHQ�WKH�left�

{
  "type": "record",
  "name": "StringPair",
  "doc": "A pair of strings, sorted by right then left.",
  "fields": [
    {"name": "right", "type": "string"},
    {"name": "left", "type": "string"}
  ]
}

$YUR�LPSOHPHQWV�HIILFLHQW�ELQDU\�FRPSDULVRQV��7KDW�LV�WR�VD\��$YUR�GRHV�QRW�KDYH�WR
GHVHULDOL]H�D�ELQDU\�GDWD�LQWR�REMHFWV�WR�SHUIRUP�WKH�FRPSDULVRQ��EHFDXVH�LW�FDQ�LQVWHDG
ZRUN�GLUHFWO\�RQ�WKH�E\WH�VWUHDPV����,Q�WKH�FDVH�RI�WKH�RULJLQDO�StringPair�VFKHPD��ZLWK
QR�order�DWWULEXWHV���IRU�H[DPSOH��$YUR�LPSOHPHQWV�WKH�ELQDU\�FRPSDULVRQ�DV�IROORZV�

7KH�ILUVW�ILHOG��left��LV�D�87)���HQFRGHG�VWULQJ��IRU�ZKLFK�$YUR�FDQ�FRPSDUH�WKH�E\WHV
OH[LFRJUDSKLFDOO\��,I�WKH\�GLIIHU��WKH�RUGHU�LV�GHWHUPLQHG��DQG�$YUR�FDQ�VWRS�WKH�FRP�
SDULVRQ�WKHUH��2WKHUZLVH��LI�WKH�WZR�E\WH�VHTXHQFHV�DUH�WKH�VDPH��LW�FRPSDUHV�WKH�VHF�
RQG� WZR� �right�� ILHOGV�� DJDLQ� OH[LFRJUDSKLFDOO\�DW� WKH�E\WH� OHYHO�EHFDXVH� WKH� ILHOG� LV
DQRWKHU�87)���VWULQJ�

1RWLFH�WKDW�WKLV�GHVFULSWLRQ�RI�D�FRPSDULVRQ�IXQFWLRQ�KDV�H[DFWO\�WKH�VDPH�ORJLF�DV�WKH
ELQDU\�FRPSDUDWRU�ZH�ZURWH�IRU�:ULWDEOHV� LQ�£,PSOHPHQWLQJ�D�5DZ&RPSDUDWRU�IRU
VSHHG¤�RQ�SDJH������7KH�JUHDW�WKLQJ�LV�WKDW�$YUR�SURYLGHV�WKH�FRPSDUDWRU�IRU�XV��VR�ZH
GRQ¦W�KDYH�WR�ZULWH�DQG�PDLQWDLQ�WKLV�FRGH��,W¦V�DOVR�HDV\�WR�FKDQJH�WKH�VRUW�RUGHU�MXVW
E\� FKDQJLQJ� WKH� UHDGHU¦V� VFKHPD�� )RU� WKH� 6RUWHG6WULQJ3DLU�DYVF� RU� 6ZLWFKHG6WULQJ�
3DLU�DYVF�VFKHPDV��WKH�FRPSDULVRQ�IXQFWLRQ�$YUR�XVHV�LV�HVVHQWLDOO\�WKH�VDPH�DV�WKH�RQH
MXVW�GHVFULEHG��7KH�GLIIHUHQFHV�DUH�ZKLFK�ILHOGV�DUH�FRQVLGHUHG��WKH�RUGHU�LQ�ZKLFK�WKH\
DUH�FRQVLGHUHG��DQG�ZKHWKHU�WKH�VRUW�RUGHU�LV�DVFHQGLQJ�RU�GHVFHQGLQJ�

/DWHU�LQ�WKH�FKDSWHU�ZH¦OO�XVH�$YUR¦V�VRUWLQJ�ORJLF�LQ�FRQMXQFWLRQ�ZLWK�0DS5HGXFH�WR
VRUW�$YUR�GDWDILOHV�LQ�SDUDOOHO�

Avro MapReduce
$YUR�SURYLGHV�D�QXPEHU�RI�FODVVHV�IRU�PDNLQJ�LW�HDV\�WR�UXQ�0DS5HGXFH�SURJUDPV�RQ
$YUR�GDWD��)RU�H[DPSOH��AvroMapper�DQG�AvroReducer� LQ�WKH�org.apache.avro.mapred

��� $�XVHIXO�FRQVHTXHQFH�RI�WKLV�SURSHUW\�LV�WKDW�\RX�FDQ�FRPSXWH�DQ�$YUR�GDWXP¦V�KDVK�FRGH�IURP�HLWKHU
WKH�REMHFW�RU�WKH�ELQDU\�UHSUHVHQWDWLRQ��WKH�ODWWHU�E\�XVLQJ�WKH�VWDWLF�hashCode()�PHWKRG�RQ�BinaryData�
DQG�JHW�WKH�VDPH�UHVXOW�LQ�ERWK�FDVHV�
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SDFNDJH�DUH�VSHFLDOL]DWLRQV�RI�+DGRRS¦V��ROG�VW\OH��Mapper�DQG�Reducer�FODVVHV��7KH\
HOLPLQDWH�WKH�NH\�YDOXH�GLVWLQFWLRQ�IRU�LQSXWV�DQG�RXWSXWV��VLQFH�$YUR�GDWDILOHV�DUH�MXVW
D�VHTXHQFH�RI�YDOXHV��+RZHYHU��LQWHUPHGLDWH�GDWD�LV�VWLOO�GLYLGHG�LQWR�NH\�YDOXH�SDLUV
IRU�WKH�VKXIIOH�

/HW¦V�UHZRUN�WKH�0DS5HGXFH�SURJUDP�IRU�ILQGLQJ�WKH�PD[LPXP�WHPSHUDWXUH�IRU�HDFK
\HDU�LQ�WKH�ZHDWKHU�GDWDVHW��WKLV�WLPH�XVLQJ�WKH�$YUR�0DS5HGXFH�$3,��:H�ZLOO�UHSUHVHQW
ZHDWKHU�UHFRUGV�XVLQJ�WKH�IROORZLQJ�VFKHPD�

{
  "type": "record",
  "name": "WeatherRecord",
  "doc": "A weather reading.",
  "fields": [
    {"name": "year", "type": "int"},
    {"name": "temperature", "type": "int"},
    {"name": "stationId", "type": "string"}
  ]
}

7KH�SURJUDP�LQ�([DPSOH������UHDGV�WH[W�LQSXW��LQ�WKH�IRUPDW�ZH�VDZ�LQ�HDUOLHU�FKDSWHUV�
DQG�ZULWHV�$YUR�GDWDILOHV�FRQWDLQLQJ�ZHDWKHU�UHFRUGV�DV�RXWSXW�

([DPSOH�������0DS5HGXFH�SURJUDP�WR�ILQG�WKH�PD[LPXP�WHPSHUDWXUH��FUHDWLQJ�$YUR�RXWSXW

public class AvroGenericMaxTemperature extends Configured implements Tool {
  
  private static final Schema SCHEMA = new Schema.Parser().parse(
      "{" +
      "  \"type\": \"record\"," +
      "  \"name\": \"WeatherRecord\"," +
      "  \"doc\": \"A weather reading.\"," +
      "  \"fields\": [" +
      "    {\"name\": \"year\", \"type\": \"int\"}," +
      "    {\"name\": \"temperature\", \"type\": \"int\"}," +
      "    {\"name\": \"stationId\", \"type\": \"string\"}" +
      "  ]" +
      "}"
  );

  public static class MaxTemperatureMapper
      extends AvroMapper<Utf8, Pair<Integer, GenericRecord>> {
    private NcdcRecordParser parser = new NcdcRecordParser();
    private GenericRecord record = new GenericData.Record(SCHEMA);
    @Override
    public void map(Utf8 line,
        AvroCollector<Pair<Integer, GenericRecord>> collector,
        Reporter reporter) throws IOException {
      parser.parse(line.toString());
      if (parser.isValidTemperature()) {
        record.put("year", parser.getYearInt());
        record.put("temperature", parser.getAirTemperature());
        record.put("stationId", parser.getStationId());
        collector.collect(
            new Pair<Integer, GenericRecord>(parser.getYearInt(), record));
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      }
    }
  }
  
  public static class MaxTemperatureReducer
      extends AvroReducer<Integer, GenericRecord, GenericRecord> {

    @Override
    public void reduce(Integer key, Iterable<GenericRecord> values,
        AvroCollector<GenericRecord> collector, Reporter reporter)
        throws IOException {
      GenericRecord max = null;
      for (GenericRecord value : values) {
        if (max == null || 
            (Integer) value.get("temperature") > (Integer) max.get("temperature")) {
          max = newWeatherRecord(value);
        }
      }
      collector.collect(max);
    }
    private GenericRecord newWeatherRecord(GenericRecord value) {
      GenericRecord record = new GenericData.Record(SCHEMA);
      record.put("year", value.get("year"));
      record.put("temperature", value.get("temperature"));
      record.put("stationId", value.get("stationId"));
      return record;
    }
  }

  @Override
  public int run(String[] args) throws Exception {
    if (args.length != 2) {
      System.err.printf("Usage: %s [generic options] <input> <output>\n",
          getClass().getSimpleName());
      ToolRunner.printGenericCommandUsage(System.err);
      return -1;
    }
    
    JobConf conf = new JobConf(getConf(), getClass());
    conf.setJobName("Max temperature");
    
    FileInputFormat.addInputPath(conf, new Path(args[0]));
    FileOutputFormat.setOutputPath(conf, new Path(args[1]));
    
    AvroJob.setInputSchema(conf, Schema.create(Schema.Type.STRING));
    AvroJob.setMapOutputSchema(conf,
        Pair.getPairSchema(Schema.create(Schema.Type.INT), SCHEMA));
    AvroJob.setOutputSchema(conf, SCHEMA);
    
    conf.setInputFormat(AvroUtf8InputFormat.class);

    AvroJob.setMapperClass(conf, MaxTemperatureMapper.class);
    AvroJob.setReducerClass(conf, MaxTemperatureReducer.class);

    JobClient.runJob(conf);
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    return 0;
  }
  
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(new AvroGenericMaxTemperature(), args);
    System.exit(exitCode);
  }
}

7KLV�SURJUDP�XVHV�WKH�JHQHULF�$YUR�PDSSLQJ��7KLV�IUHHV�XV�IURP�JHQHUDWLQJ�FRGH�WR
UHSUHVHQW�UHFRUGV��DW�WKH�H[SHQVH�RI�W\SH�VDIHW\��ILHOG�QDPHV�DUH�UHIHUUHG�WR�E\�VWULQJ
YDOXH��VXFK�DV�"temperature"�����7KH�VFKHPD�IRU�ZHDWKHU�UHFRUGV�LV�LQOLQHG�LQ�WKH�FRGH
IRU�FRQYHQLHQFH��DQG�UHDG�LQWR�WKH�SCHEMA�FRQVWDQW���DOWKRXJK�LQ�SUDFWLFH�LW�PLJKW�EH
PRUH�PDLQWDLQDEOH�WR�UHDG�WKH�VFKHPD�IURP�D�ORFDO�ILOH�LQ�WKH�GULYHU�FRGH�DQG�SDVV�LW�WR
WKH�PDSSHU�DQG�UHGXFHU�YLD�WKH�+DGRRS�MRE�FRQILJXUDWLRQ���7HFKQLTXHV�IRU�DFKLHYLQJ
WKLV�DUH�GLVFXVVHG�LQ�£6LGH�'DWD�'LVWULEXWLRQ¤�RQ�SDJH������

7KHUH�DUH�D�FRXSOH�RI�GLIIHUHQFHV�IURP�WKH�UHJXODU�+DGRRS�0DS5HGXFH�$3,��7KH�ILUVW
LV�WKH�XVH�RI�D�org.apache.avro.mapred.Pair�WR�ZUDS�WKH�PDS�RXWSXW�NH\�DQG�YDOXH�LQ�
MaxTemperatureMapper�� �7KH� UHDVRQ� WKDW� WKH� org.apache.avro.mapred.AvroMapper
GRHVQ¦W�KDYH�D�IL[HG�RXWSXW�NH\�DQG�YDOXH�LV�VR�WKDW�PDS�RQO\�MREV�FDQ�HPLW�MXVW�YDOXHV
WR�$YUR�GDWDILOHV���)RU�WKLV�0DS5HGXFH�SURJUDP��WKH�NH\�LV�WKH�\HDU��DQ�LQWHJHU���DQG
WKH�YDOXH�LV�WKH�ZHDWKHU�UHFRUG��ZKLFK�LV�UHSUHVHQWHG�E\�$YUR¦V�GenericRecord�

$YUR�0DS5HGXFH�GRHV�SUHVHUYH�WKH�QRWLRQ�RI�NH\�YDOXH�SDLUV�IRU�WKH�LQSXW�WR�WKH�UH�
GXFHU��KRZHYHU��EHFDXVH� WKLV� LV�ZKDW� FRPHV�RXW�RI� WKH� VKXIIOH�� DQG� LW�XQZUDSV� WKH
Pair�EHIRUH�LQYRNLQJ�WKH�org.apache.avro.mapred.AvroReducer��7KH�MaxTemperatureRe
ducer�LWHUDWHV�WKURXJK�WKH�UHFRUGV�IRU�HDFK�NH\��\HDU��DQG�ILQGV�WKH�RQH�ZLWK�WKH�PD[�
LPXP�WHPSHUDWXUH��,W�LV�QHFHVVDU\�WR�PDNH�D�FRS\�RI�WKH�UHFRUG�ZLWK�WKH�KLJKHVW�WHP�
SHUDWXUH�IRXQG�VR�IDU��VLQFH�WKH�LWHUDWRU�UHXVHV�WKH�LQVWDQFH�IRU�UHDVRQV�RI�HIILFLHQF\��DQG
RQO\�WKH�ILHOGV�DUH�XSGDWHG��

7KH�VHFRQG�PDMRU�GLIIHUHQFH�IURP�UHJXODU�0DS5HGXFH�LV�WKH�XVH�RI�AvroJob�IRU�FRQILJ�
XULQJ�WKH�MRE��AvroJob�LV�D�FRQYHQLHQFH�FODVV�IRU�VSHFLI\LQJ�WKH�$YUR�VFKHPDV�IRU�WKH
LQSXW��PDS�RXWSXW��DQG�ILQDO�RXWSXW�GDWD��,Q�WKLV�SURJUDP�WKH�LQSXW�VFKHPD�LV�DQ�$YUR
string�EHFDXVH�ZH�DUH�UHDGLQJ�IURP�D�WH[W�ILOH��DQG�WKH�LQSXW�IRUPDW�LV�VHW�FRUUHVSRQG�
LQJO\��WR�AvroUtf8InputFormat��7KH�PDS�RXWSXW�VFKHPD�LV�D�SDLU�VFKHPD�ZKRVH�NH\
VFKHPD�LV�DQ�$YUR�int�DQG�ZKRVH�YDOXH�VFKHPD�LV�WKH�ZHDWKHU�UHFRUG�VFKHPD��7KH�ILQDO
RXWSXW�VFKHPD�LV�WKH�ZHDWKHU�UHFRUG�VFKHPD��DQG�WKH�RXWSXW�IRUPDW�LV�WKH�GHIDXOW��
AvroOutputFormat��ZKLFK�ZULWHV�WR�$YUR�GDWDILOHV�

7KH�IROORZLQJ�FRPPDQG�OLQH�VKRZV�KRZ�WR�UXQ�WKH�SURJUDP�RQ�D�VPDOO�VDPSOH�GDWDVHW�

% hadoop jar avro-examples.jar AvroGenericMaxTemperature \
  input/ncdc/sample.txt output

��� )RU� DQ� H[DPSOH� WKDW� XVHV� WKH� VSHFLILF� PDSSLQJ� ZLWK� JHQHUDWHG� FODVVHV�� VHH� WKH�
AvroSpecificMaxTemperature�FODVV�LQ�WKH�H[DPSOH�FRGH�
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2Q�FRPSOHWLRQ�ZH�FDQ�ORRN�DW�WKH�RXWSXW�XVLQJ�WKH�$YUR�WRROV�-$5�WR�UHQGHU�WKH�$YUR
GDWDILOH�DV�-621��RQH�UHFRUG�SHU�OLQH�

% java -jar $AVRO_HOME/avro-tools-*.jar tojson output/part-00000.avro
{"year":1949,"temperature":111,"stationId":"012650-99999"}
{"year":1950,"temperature":22,"stationId":"011990-99999"}

,Q�WKLV�H[DPSOH��ZH�XVHG�DQ�AvroMapper�DQG�DQ�AvroReducer��EXW�WKH�$3,�VXSSRUWV�D
PL[WXUH�RI�UHJXODU�0DS5HGXFH�PDSSHUV�DQG�UHGXFHUV�ZLWK�$YUR�VSHFLILF�RQHV��ZKLFK
LV�XVHIXO�IRU�FRQYHUWLQJ�EHWZHHQ�$YUR�IRUPDWV�DQG�RWKHU�IRUPDWV��VXFK�DV�6HTXHQFH)LOHV�
6HH�WKH�GRFXPHQWDWLRQ�IRU�WKH�$YUR�0DS5HGXFH�SDFNDJH�IRU�GHWDLOV�

Sorting Using Avro MapReduce
,Q�WKLV�VHFWLRQ�ZH�XVH�$YUR¦V�VRUW�FDSDELOLWLHV�DQG�FRPELQH�WKHP�ZLWK�0DS5HGXFH�WR
ZULWH�D�SURJUDP�WR�VRUW�DQ�$YUR�GDWDILOH��([DPSOH�������

([DPSOH�������$�0DS5HGXFH�SURJUDP�WR�VRUW�DQ�$YUR�GDWDILOH

public class AvroSort extends Configured implements Tool {

  static class SortMapper<K> extends AvroMapper<K, Pair<K, K>> {
    public void map(K datum, AvroCollector<Pair<K, K>> collector,
        Reporter reporter) throws IOException {
      collector.collect(new Pair<K, K>(datum, null, datum, null));
    }
  }

  static class SortReducer<K> extends AvroReducer<K, K, K> {
    public void reduce(K key, Iterable<K> values,
        AvroCollector<K> collector,
        Reporter reporter) throws IOException {
      for (K value : values) {
        collector.collect(value);
      }
    }
  }

  @Override
  public int run(String[] args) throws Exception {
    
    if (args.length != 3) {
      System.err.printf(
        "Usage: %s [generic options] <input> <output> <schema-file>\n",
        getClass().getSimpleName());
      ToolRunner.printGenericCommandUsage(System.err);
      return -1;
    }
    
    String input = args[0];
    String output = args[1];
    String schemaFile = args[2];

    JobConf conf = new JobConf(getConf(), getClass());
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    conf.setJobName("Avro sort");
    
    FileInputFormat.addInputPath(conf, new Path(input));
    FileOutputFormat.setOutputPath(conf, new Path(output));
    
    Schema schema = new Schema.Parser().parse(new File(schemaFile));
    AvroJob.setInputSchema(conf, schema);
    Schema intermediateSchema = Pair.getPairSchema(schema, schema);
    AvroJob.setMapOutputSchema(conf, intermediateSchema);
    AvroJob.setOutputSchema(conf, schema);
    
    AvroJob.setMapperClass(conf, SortMapper.class);
    AvroJob.setReducerClass(conf, SortReducer.class);
  
    JobClient.runJob(conf); 
    return 0;
  }
  
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(new AvroSort(), args);
    System.exit(exitCode);
  }
}

7KLV�SURJUDP��ZKLFK�XVHV�WKH�JHQHULF�$YUR�PDSSLQJ�DQG�KHQFH�GRHV�QRW�UHTXLUH�DQ\
FRGH�JHQHUDWLRQ��FDQ�VRUW�$YUR�UHFRUGV�RI�DQ\�W\SH��UHSUHVHQWHG�LQ�-DYD�E\�WKH�JHQHULF
W\SH�SDUDPHWHU�K��:H�FKRRVH�D�YDOXH�WKDW�LV�WKH�VDPH�DV�WKH�NH\��VR�WKDW�ZKHQ�WKH�YDOXHV
DUH�JURXSHG�E\�NH\�ZH�FDQ�HPLW�DOO�RI�WKH�YDOXHV�LQ�WKH�FDVH�WKDW�PRUH�WKDQ�RQH�RI�WKHP
VKDUH� WKH� VDPH� NH\� �DFFRUGLQJ� WR� WKH� VRUWLQJ� IXQFWLRQ��� WKHUHE\� QRW� ORVLQJ� DQ\� UH�
FRUGV����7KH�PDSSHU�VLPSO\�HPLWV�DQ�org.apache.avro.mapred.Pair�REMHFW�ZLWK�WKLV�NH\
DQG�YDOXH��7KH�UHGXFHU�DFWV�DV�DQ�LGHQWLW\��SDVVLQJ�WKH�YDOXHV�WKURXJK�WR�WKH��VLQJOH�
YDOXHG��RXWSXW��ZKLFK�ZLOO�JHW�ZULWWHQ�WR�DQ�$YUR�GDWDILOH�

7KH�VRUWLQJ�KDSSHQV�LQ�WKH�0DS5HGXFH�VKXIIOH��DQG�WKH�VRUW�IXQFWLRQ�LV�GHWHUPLQHG�E\
WKH�$YUR� VFKHPD� WKDW� LV� SDVVHG� WR� WKH� SURJUDP�� /HW¦V� XVH� WKH� SURJUDP� WR� VRUW� WKH
SDLUV�DYUR�ILOH�FUHDWHG�HDUOLHU��XVLQJ�WKH�6RUWHG6WULQJ3DLU�DYVF�VFKHPD�WR�VRUW�E\�WKH�ULJKW
ILHOG�LQ�GHVFHQGLQJ�RUGHU��)LUVW��ZH�LQVSHFW�WKH�LQSXW�XVLQJ�WKH�$YUR�WRROV�-$5�

% java -jar $AVRO_HOME/avro-tools-*.jar tojson input/avro/pairs.avro
{"left":"a","right":"1"}
{"left":"c","right":"2"}
{"left":"b","right":"3"}
{"left":"b","right":"2"}

7KHQ�ZH�UXQ�WKH�VRUW�

% hadoop jar avro-examples.jar AvroSort input/avro/pairs.avro output \
  ch04-avro/src/main/resources/SortedStringPair.avsc

)LQDOO\��ZH�LQVSHFW�WKH�RXWSXW�DQG�VHH�WKDW�LW�LV�VRUWHG�FRUUHFWO\�

��� :H�HQFRXQWHU�WKLV�LGHD�RI�GXSOLFDWLQJ�LQIRUPDWLRQ�IURP�WKH�NH\�LQ�WKH�YDOXH�REMHFW�DJDLQ�LQ�£6HFRQGDU\
6RUW¤�RQ�SDJH�����
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% java -jar $AVRO_HOME/avro-tools-*.jar tojson output/part-00000.avro
{"left":"b","right":"3"}
{"left":"c","right":"2"}
{"left":"b","right":"2"}
{"left":"a","right":"1"}

Avro MapReduce in Other Languages
)RU�ODQJXDJHV�RWKHU�WKDQ�-DYD��WKHUH�DUH�D�IHZ�FKRLFHV�IRU�ZRUNLQJ�ZLWK�$YUR�GDWD�

AvroAsTextInputFormat�LV�GHVLJQHG�WR�DOORZ�+DGRRS�6WUHDPLQJ�SURJUDPV�WR�UHDG�$YUR
GDWDILOHV��(DFK�GDWXP�LQ�WKH�ILOH�LV�FRQYHUWHG�WR�D�VWULQJ��ZKLFK�LV�WKH�-621�UHSUHVHQ�
WDWLRQ�RI�WKH�GDWXP��RU�MXVW�WR�WKH�UDZ�E\WHV�LI�WKH�W\SH�LV�$YUR�bytes��*RLQJ�WKH�RWKHU
ZD\��\RX�FDQ�VSHFLI\�AvroTextOutputFormat�DV�WKH�RXWSXW�IRUPDW�RI�D�6WUHDPLQJ�MRE�WR
FUHDWH�$YUR�GDWDILOHV�ZLWK�D�bytes�VFKHPD��ZKHUH�HDFK�GDWXP�LV�WKH�WDE�GHOLPLWHG�NH\�
YDOXH�SDLU�ZULWWHQ�IURP�WKH�6WUHDPLQJ�RXWSXW��%RWK�RI�WKHVH�FODVVHV�FDQ�EH�IRXQG�LQ�WKH�
org.apache.avro.mapred�SDFNDJH�

)RU�D�ULFKHU�LQWHUIDFH�WKDQ�6WUHDPLQJ��$YUR�SURYLGHV�D�FRQQHFWRU�IUDPHZRUN��LQ�WKH�
org.apache.avro.mapred.tether�SDFNDJH���ZKLFK�LV�WKH�$YUR�DQDORJ�RI�+DGRRS�3LSHV�
$W�WKH�WLPH�RI�WKLV�ZULWLQJ��WKHUH�DUH�QR�ELQGLQJV�IRU�RWKHU�ODQJXDJHV��EXW�D�3\WKRQ
LPSOHPHQWDWLRQ�ZLOO�EH�DYDLODEOH�LQ�D�IXWXUH�UHOHDVH�

,W¦V�DOVR�ZRUWK�FRQVLGHULQJ�3LJ�DQG�+LYH�IRU�GRLQJ�$YUR�SURFHVVLQJ��VLQFH�ERWK�FDQ�UHDG
DQG�ZULWH�$YUR�GDWDILOHV�E\�VSHFLI\LQJ�WKH�DSSURSULDWH�VWRUDJH�IRUPDWV�

File-Based Data Structures
)RU�VRPH�DSSOLFDWLRQV��\RX�QHHG�D�VSHFLDOL]HG�GDWD�VWUXFWXUH�WR�KROG�\RXU�GDWD��)RU
GRLQJ�0DS5HGXFH�EDVHG�SURFHVVLQJ��SXWWLQJ�HDFK�EORE�RI�ELQDU\�GDWD�LQWR�LWV�RZQ�ILOH
GRHVQ¦W� VFDOH�� VR�+DGRRS� GHYHORSHG� D� QXPEHU� RI� KLJKHU�OHYHO� FRQWDLQHUV� IRU� WKHVH
VLWXDWLRQV�

SequenceFile
,PDJLQH�D�ORJILOH�ZKHUH�HDFK�ORJ�UHFRUG�LV�D�QHZ�OLQH�RI�WH[W��,I�\RX�ZDQW�WR�ORJ�ELQDU\
W\SHV��SODLQ�WH[W� LVQ¦W�D�VXLWDEOH� IRUPDW��+DGRRS¦V�SequenceFile�FODVV� ILWV� WKH�ELOO� LQ
WKLV�VLWXDWLRQ��SURYLGLQJ�D�SHUVLVWHQW�GDWD�VWUXFWXUH�IRU�ELQDU\�NH\�YDOXH�SDLUV��7R�XVH
LW�DV�D�ORJILOH�IRUPDW��\RX�ZRXOG�FKRRVH�D�NH\��VXFK�DV�WLPHVWDPS�UHSUHVHQWHG�E\�D�
LongWritable�� DQG� WKH� YDOXH�ZRXOG� EH� Writable� WKDW� UHSUHVHQWV� WKH� TXDQWLW\� EHLQJ
ORJJHG�
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SequenceFileV�DOVR�ZRUN�ZHOO�DV�FRQWDLQHUV�IRU�VPDOOHU�ILOHV��+')6�DQG�0DS5HGXFH
DUH� RSWLPL]HG� IRU� ODUJH� ILOHV�� VR� SDFNLQJ� ILOHV� LQWR� D� SequenceFile� PDNHV� VWRULQJ
DQG� SURFHVVLQJ� WKH� VPDOOHU� ILOHV� PRUH� HIILFLHQW�� �£3URFHVVLQJ� D� ZKROH� ILOH� DV� D� UH�
FRUG¤�RQ�SDJH�����FRQWDLQV�D�SURJUDP�WR�SDFN�ILOHV�LQWR�D�SequenceFile����

Writing a SequenceFile
7R�FUHDWH�D�SequenceFile��XVH�RQH�RI�LWV�createWriter()�VWDWLF�PHWKRGV��ZKLFK�UHWXUQ�D�
SequenceFile.Writer� LQVWDQFH�� 7KHUH� DUH� VHYHUDO� RYHUORDGHG� YHUVLRQV�� EXW� WKH\� DOO
UHTXLUH� \RX� WR� VSHFLI\� D� VWUHDP� WR� ZULWH� WR� �HLWKHU� DQ� FSDataOutputStream� RU� D
FileSystem� DQG�Path�SDLULQJ��� D�Configuration�REMHFW�� DQG� WKH�NH\�DQG�YDOXH� W\SHV�
2SWLRQDO�DUJXPHQWV�LQFOXGH�WKH�FRPSUHVVLRQ�W\SH�DQG�FRGHF��D�Progressable�FDOOEDFN
WR�EH�LQIRUPHG�RI�ZULWH�SURJUHVV��DQG�D�Metadata�LQVWDQFH�WR�EH�VWRUHG�LQ�WKH�Sequence
File�KHDGHU�

7KH�NH\V�DQG�YDOXHV�VWRUHG�LQ�D�SequenceFile�GR�QRW�QHFHVVDULO\�QHHG�WR�EH�Writable�
$Q\�W\SHV�WKDW�FDQ�EH�VHULDOL]HG�DQG�GHVHULDOL]HG�E\�D�Serialization�PD\�EH�XVHG�

2QFH� \RX� KDYH� D� SequenceFile.Writer�� \RX� WKHQ� ZULWH� NH\�YDOXH� SDLUV� XVLQJ� WKH�
append()� PHWKRG�� :KHQ� \RX¦YH� ILQLVKHG�� \RX� FDOO� WKH� close()� PHWKRG� �Sequence
File.Writer�LPSOHPHQWV�java.io.Closeable��

([DPSOH������VKRZV�D�VKRUW�SURJUDP�WR�ZULWH�VRPH�NH\�YDOXH�SDLUV�WR�D�SequenceFile
XVLQJ�WKH�$3,�MXVW�GHVFULEHG�

([DPSOH�������:ULWLQJ�D�6HTXHQFH)LOH

public class SequenceFileWriteDemo {
  
  private static final String[] DATA = {
    "One, two, buckle my shoe",
    "Three, four, shut the door",
    "Five, six, pick up sticks",
    "Seven, eight, lay them straight",
    "Nine, ten, a big fat hen"
  };
  
  public static void main(String[] args) throws IOException {
    String uri = args[0];
    Configuration conf = new Configuration();
    FileSystem fs = FileSystem.get(URI.create(uri), conf);
    Path path = new Path(uri);

    IntWritable key = new IntWritable();
    Text value = new Text();
    SequenceFile.Writer writer = null;
    try {
      writer = SequenceFile.createWriter(fs, conf, path,

��� ,Q�D�VLPLODU�YHLQ��WKH�EORJ�SRVW�£$�0LOOLRQ�/LWWOH�)LOHV¤�E\�6WXDUW�6LHUUD�LQFOXGHV�FRGH�IRU�FRQYHUWLQJ�D
WDU�ILOH�LQWR�D�SequenceFile�����

File-Based Data Structures | 131

http://stuartsierra.com/2008/04/24/a-million-little-files


          key.getClass(), value.getClass());
      
      for (int i = 0; i < 100; i++) {
        key.set(100 - i);
        value.set(DATA[i % DATA.length]);
        System.out.printf("[%s]\t%s\t%s\n", writer.getLength(), key, value);
        writer.append(key, value);
      }
    } finally {
      IOUtils.closeStream(writer);
    }
  }
}

7KH�NH\V�LQ�WKH�VHTXHQFH�ILOH�DUH�LQWHJHUV�FRXQWLQJ�GRZQ�IURP�����WR����UHSUHVHQWHG�DV�
IntWritable�REMHFWV��7KH�YDOXHV�DUH�Text�REMHFWV��%HIRUH�HDFK�UHFRUG�LV�DSSHQGHG�WR�WKH�
SequenceFile.Writer��ZH�FDOO�WKH�getLength()�PHWKRG�WR�GLVFRYHU�WKH�FXUUHQW�SRVLWLRQ
LQ�WKH�ILOH���:H�ZLOO�XVH�WKLV�LQIRUPDWLRQ�DERXW�UHFRUG�ERXQGDULHV�LQ�WKH�QH[W�VHFWLRQ
ZKHQ�ZH�UHDG�WKH�ILOH�QRQVHTXHQWLDOO\���:H�ZULWH�WKH�SRVLWLRQ�RXW�WR�WKH�FRQVROH��DORQJ
ZLWK�WKH�NH\�DQG�YDOXH�SDLUV��7KH�UHVXOW�RI�UXQQLQJ�LW�LV�VKRZQ�KHUH�

% hadoop SequenceFileWriteDemo numbers.seq
[128]   100     One, two, buckle my shoe
[173]   99      Three, four, shut the door
[220]   98      Five, six, pick up sticks
[264]   97      Seven, eight, lay them straight
[314]   96      Nine, ten, a big fat hen
[359]   95      One, two, buckle my shoe
[404]   94      Three, four, shut the door
[451]   93      Five, six, pick up sticks
[495]   92      Seven, eight, lay them straight
[545]   91      Nine, ten, a big fat hen
...
[1976]  60      One, two, buckle my shoe
[2021]  59      Three, four, shut the door
[2088]  58      Five, six, pick up sticks
[2132]  57      Seven, eight, lay them straight
[2182]  56      Nine, ten, a big fat hen
...
[4557]  5       One, two, buckle my shoe
[4602]  4       Three, four, shut the door
[4649]  3       Five, six, pick up sticks
[4693]  2       Seven, eight, lay them straight
[4743]  1       Nine, ten, a big fat hen

Reading a SequenceFile
5HDGLQJ�VHTXHQFH�ILOHV�IURP�EHJLQQLQJ�WR�HQG�LV�D�PDWWHU�RI�FUHDWLQJ�DQ�LQVWDQFH�RI�
SequenceFile.Reader� DQG� LWHUDWLQJ� RYHU� UHFRUGV� E\� UHSHDWHGO\� LQYRNLQJ� RQH� RI� WKH�
next()�PHWKRGV��:KLFK�RQH�\RX�XVH�GHSHQGV�RQ�WKH�VHULDOL]DWLRQ�IUDPHZRUN�\RX�DUH
XVLQJ��,I�\RX�DUH�XVLQJ�Writable�W\SHV��\RX�FDQ�XVH�WKH�next()�PHWKRG�WKDW�WDNHV�D�NH\
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DQG� D� YDOXH� DUJXPHQW� DQG� UHDGV� WKH� QH[W� NH\� DQG� YDOXH� LQ� WKH� VWUHDP� LQWR� WKHVH
YDULDEOHV�

public boolean next(Writable key, Writable val)

7KH�UHWXUQ�YDOXH�LV�true�LI�D�NH\�YDOXH�SDLU�ZDV�UHDG�DQG�false�LI�WKH�HQG�RI�WKH�ILOH�KDV
EHHQ�UHDFKHG�

)RU�RWKHU��QRQ�Writable�VHULDOL]DWLRQ�IUDPHZRUNV��VXFK�DV�$SDFKH�7KULIW���\RX�VKRXOG
XVH�WKHVH�WZR�PHWKRGV�

public Object next(Object key) throws IOException
public Object getCurrentValue(Object val) throws IOException

,Q�WKLV�FDVH��\RX�QHHG�WR�PDNH�VXUH�WKDW�WKH�VHULDOL]DWLRQ�\RX�ZDQW�WR�XVH�KDV�EHHQ�VHW
LQ�WKH�io.serializations�SURSHUW\��VHH�£6HULDOL]DWLRQ�)UDPHZRUNV¤�RQ�SDJH�����

,I� WKH�next()�PHWKRG�UHWXUQV�D�QRQ�null�REMHFW��D�NH\�YDOXH�SDLU�ZDV�UHDG�IURP�WKH
VWUHDP��DQG�WKH�YDOXH�FDQ�EH�UHWULHYHG�XVLQJ�WKH�getCurrentValue()�PHWKRG��2WKHUZLVH�
LI�next()�UHWXUQV�null��WKH�HQG�RI�WKH�ILOH�KDV�EHHQ�UHDFKHG�

7KH� SURJUDP� LQ� ([DPSOH� ����� GHPRQVWUDWHV� KRZ� WR� UHDG� D� VHTXHQFH� ILOH� WKDW� KDV
Writable� NH\V� DQG� YDOXHV�� 1RWH� KRZ� WKH� W\SHV� DUH� GLVFRYHUHG� IURP� WKH� Sequence
File.Reader� YLD� FDOOV� WR� getKeyClass()� DQG� getValueClass()�� DQG� WKHQ� ReflectionU
tils�LV�XVHG�WR�FUHDWH�DQ�LQVWDQFH�IRU�WKH�NH\�DQG�DQ�LQVWDQFH�IRU�WKH�YDOXH��%\�XVLQJ
WKLV�WHFKQLTXH��WKH�SURJUDP�FDQ�EH�XVHG�ZLWK�DQ\�VHTXHQFH�ILOH�WKDW�KDV�Writable�NH\V
DQG�YDOXHV�

([DPSOH�������5HDGLQJ�D�6HTXHQFH)LOH

public class SequenceFileReadDemo {
  
  public static void main(String[] args) throws IOException {
    String uri = args[0];
    Configuration conf = new Configuration();
    FileSystem fs = FileSystem.get(URI.create(uri), conf);
    Path path = new Path(uri);

    SequenceFile.Reader reader = null;
    try {
      reader = new SequenceFile.Reader(fs, path, conf);
      Writable key = (Writable)
        ReflectionUtils.newInstance(reader.getKeyClass(), conf);
      Writable value = (Writable)
        ReflectionUtils.newInstance(reader.getValueClass(), conf);
      long position = reader.getPosition();
      while (reader.next(key, value)) {
        String syncSeen = reader.syncSeen() ? "*" : ";
        System.out.printf("[%s%s]\t%s\t%s\n", position, syncSeen, key, value);
        position = reader.getPosition(); // beginning of next record
      }
    } finally {
      IOUtils.closeStream(reader);
    }
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  }
}

$QRWKHU�IHDWXUH�RI�WKH�SURJUDP�LV�WKDW�LW�GLVSOD\V�WKH�SRVLWLRQ�RI�WKH�V\QF�SRLQWV�LQ�WKH
VHTXHQFH�ILOH��$�V\QF�SRLQW�LV�D�SRLQW�LQ�WKH�VWUHDP�WKDW�FDQ�EH�XVHG�WR�UHV\QFKURQL]H
ZLWK�D�UHFRUG�ERXQGDU\�LI�WKH�UHDGHU�LV�£ORVW¤¢IRU�H[DPSOH��DIWHU�VHHNLQJ�WR�DQ�DUELWUDU\
SRVLWLRQ�LQ�WKH�VWUHDP��6\QF�SRLQWV�DUH�UHFRUGHG�E\�SequenceFile.Writer��ZKLFK�LQVHUWV
D�VSHFLDO�HQWU\� WR�PDUN�WKH�V\QF�SRLQW�HYHU\� IHZ�UHFRUGV�DV�D�VHTXHQFH� ILOH� LV�EHLQJ
ZULWWHQ��6XFK�HQWULHV�DUH�VPDOO�HQRXJK�WR�LQFXU�RQO\�D�PRGHVW�VWRUDJH�RYHUKHDG¢OHVV
WKDQ�����6\QF�SRLQWV�DOZD\V�DOLJQ�ZLWK�UHFRUG�ERXQGDULHV�

5XQQLQJ�WKH�SURJUDP�LQ�([DPSOH������VKRZV�WKH�V\QF�SRLQWV�LQ�WKH�VHTXHQFH�ILOH�DV
DVWHULVNV��7KH�ILUVW�RQH�RFFXUV�DW�SRVLWLRQ�������WKH�VHFRQG�RQH�RFFXUV�DW�SRVLWLRQ������
EXW�LV�QRW�VKRZQ�LQ�WKH�RXWSXW��

% hadoop SequenceFileReadDemo numbers.seq
[128]   100     One, two, buckle my shoe
[173]   99      Three, four, shut the door
[220]   98      Five, six, pick up sticks
[264]   97      Seven, eight, lay them straight
[314]   96      Nine, ten, a big fat hen
[359]   95      One, two, buckle my shoe
[404]   94      Three, four, shut the door
[451]   93      Five, six, pick up sticks
[495]   92      Seven, eight, lay them straight
[545]   91      Nine, ten, a big fat hen
[590]   90      One, two, buckle my shoe
...
[1976]  60      One, two, buckle my shoe
[2021*] 59      Three, four, shut the door
[2088]  58      Five, six, pick up sticks
[2132]  57      Seven, eight, lay them straight
[2182]  56      Nine, ten, a big fat hen
...
[4557]  5       One, two, buckle my shoe
[4602]  4       Three, four, shut the door
[4649]  3       Five, six, pick up sticks
[4693]  2       Seven, eight, lay them straight
[4743]  1       Nine, ten, a big fat hen

7KHUH� DUH� WZR�ZD\V� WR� VHHN� WR� D� JLYHQ�SRVLWLRQ� LQ� D� VHTXHQFH� ILOH��7KH� ILUVW� LV� WKH�
seek()�PHWKRG��ZKLFK�SRVLWLRQV�WKH�UHDGHU�DW�WKH�JLYHQ�SRLQW�LQ�WKH�ILOH��)RU�H[DPSOH�
VHHNLQJ�WR�D�UHFRUG�ERXQGDU\�ZRUNV�DV�H[SHFWHG�

    reader.seek(359);
    assertThat(reader.next(key, value), is(true));
    assertThat(((IntWritable) key).get(), is(95));

%XW�LI�WKH�SRVLWLRQ�LQ�WKH�ILOH�LV�QRW�DW�D�UHFRUG�ERXQGDU\��WKH�UHDGHU�IDLOV�ZKHQ�WKH�
next()�PHWKRG�LV�FDOOHG�

    reader.seek(360);
    reader.next(key, value); // fails with IOException
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7KH�VHFRQG�ZD\�WR�ILQG�D�UHFRUG�ERXQGDU\�PDNHV�XVH�RI�V\QF�SRLQWV��7KH�sync(long
position)�PHWKRG�RQ�SequenceFile.Reader�SRVLWLRQV�WKH�UHDGHU�DW�WKH�QH[W�V\QF�SRLQW
DIWHU�position���,I�WKHUH�DUH�QR�V\QF�SRLQWV�LQ�WKH�ILOH�DIWHU�WKLV�SRVLWLRQ��WKHQ�WKH�UHDGHU
ZLOO�EH�SRVLWLRQHG�DW�WKH�HQG�RI�WKH�ILOH���7KXV��ZH�FDQ�FDOO�sync()�ZLWK�DQ\�SRVLWLRQ�LQ
WKH�VWUHDP¢D�QRQUHFRUG�ERXQGDU\��IRU�H[DPSOH¢DQG�WKH�UHDGHU�ZLOO�UHHVWDEOLVK�LWVHOI
DW�WKH�QH[W�V\QF�SRLQW�VR�UHDGLQJ�FDQ�FRQWLQXH�

    reader.sync(360);
    assertThat(reader.getPosition(), is(2021L));
    assertThat(reader.next(key, value), is(true));
    assertThat(((IntWritable) key).get(), is(59));

SequenceFile.Writer�KDV�D�PHWKRG�FDOOHG�sync()� IRU� LQVHUWLQJ�D� V\QF
SRLQW�DW�WKH�FXUUHQW�SRVLWLRQ�LQ�WKH�VWUHDP��7KLV�LV�QRW�WR�EH�FRQIXVHG
ZLWK� WKH� LGHQWLFDOO\� QDPHG� EXW� RWKHUZLVH� XQUHODWHG� sync()� PHWKRG
GHILQHG� E\� WKH� Syncable� LQWHUIDFH� IRU� V\QFKURQL]LQJ� EXIIHUV� WR� WKH
XQGHUO\LQJ�GHYLFH�

6\QF�SRLQWV�FRPH�LQWR�WKHLU�RZQ�ZKHQ�XVLQJ�VHTXHQFH�ILOHV�DV�LQSXW�WR�0DS5HGXFH�
VLQFH�WKH\�SHUPLW�WKH�ILOH�WR�EH�VSOLW�DQG�GLIIHUHQW�SRUWLRQV�RI�LW�FDQ�EH�SURFHVVHG�LQGH�
SHQGHQWO\�E\�VHSDUDWH�PDS�WDVNV��6HH�£6HTXHQFH)LOH,QSXW)RUPDW¤�RQ�SDJH�����

Displaying a SequenceFile with the command-line interface
7KH�hadoop fs�FRPPDQG�KDV�D�-text�RSWLRQ�WR�GLVSOD\�VHTXHQFH�ILOHV�LQ�WH[WXDO�IRUP�
,W�ORRNV�DW�D�ILOH¦V�PDJLF�QXPEHU�VR�WKDW�LW�FDQ�DWWHPSW�WR�GHWHFW�WKH�W\SH�RI�WKH�ILOH�DQG
DSSURSULDWHO\�FRQYHUW�LW�WR�WH[W��,W�FDQ�UHFRJQL]H�J]LSSHG�ILOHV�DQG�VHTXHQFH�ILOHV��RWKHU�
ZLVH��LW�DVVXPHV�WKH�LQSXW�LV�SODLQ�WH[W�

)RU�VHTXHQFH�ILOHV��WKLV�FRPPDQG�LV�UHDOO\�XVHIXO�RQO\� LI� WKH�NH\V�DQG�YDOXHV�KDYH�D
PHDQLQJIXO�VWULQJ�UHSUHVHQWDWLRQ��DV�GHILQHG�E\�WKH�toString()�PHWKRG���$OVR��LI�\RX
KDYH�\RXU�RZQ�NH\�RU�YDOXH�FODVVHV��\RX�ZLOO�QHHG�WR�PDNH�VXUH�WKH\�DUH�RQ�+DGRRS¦V
FODVVSDWK�

5XQQLQJ�LW�RQ�WKH�VHTXHQFH�ILOH�ZH�FUHDWHG�LQ�WKH�SUHYLRXV�VHFWLRQ�JLYHV�WKH�IROORZLQJ
RXWSXW�

% hadoop fs -text numbers.seq | head
100     One, two, buckle my shoe
99      Three, four, shut the door
98      Five, six, pick up sticks
97      Seven, eight, lay them straight
96      Nine, ten, a big fat hen
95      One, two, buckle my shoe
94      Three, four, shut the door
93      Five, six, pick up sticks
92      Seven, eight, lay them straight
91      Nine, ten, a big fat hen
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Sorting and merging SequenceFiles
7KH�PRVW�SRZHUIXO�ZD\�RI�VRUWLQJ��DQG�PHUJLQJ��RQH�RU�PRUH�VHTXHQFH�ILOHV�LV�WR�XVH
0DS5HGXFH��0DS5HGXFH�LV�LQKHUHQWO\�SDUDOOHO�DQG�ZLOO�OHW�\RX�VSHFLI\�WKH�QXPEHU�RI
UHGXFHUV�WR�XVH��ZKLFK�GHWHUPLQHV�WKH�QXPEHU�RI�RXWSXW�SDUWLWLRQV��)RU�H[DPSOH��E\
VSHFLI\LQJ�RQH�UHGXFHU��\RX�JHW�D�VLQJOH�RXWSXW�ILOH��:H�FDQ�XVH�WKH�VRUW�H[DPSOH�WKDW
FRPHV�ZLWK�+DGRRS�E\�VSHFLI\LQJ�WKDW�WKH�LQSXW�DQG�RXWSXW�DUH�VHTXHQFH�ILOHV�DQG�E\
VHWWLQJ�WKH�NH\�DQG�YDOXH�W\SHV�

% hadoop jar $HADOOP_INSTALL/hadoop-*-examples.jar sort -r 1 \
  -inFormat org.apache.hadoop.mapred.SequenceFileInputFormat \
  -outFormat org.apache.hadoop.mapred.SequenceFileOutputFormat \
  -outKey org.apache.hadoop.io.IntWritable \
  -outValue org.apache.hadoop.io.Text \
  numbers.seq sorted
% hadoop fs -text sorted/part-00000 | head
1       Nine, ten, a big fat hen
2       Seven, eight, lay them straight
3       Five, six, pick up sticks
4       Three, four, shut the door
5       One, two, buckle my shoe
6       Nine, ten, a big fat hen
7       Seven, eight, lay them straight
8       Five, six, pick up sticks
9       Three, four, shut the door
10      One, two, buckle my shoe

6RUWLQJ�LV�FRYHUHG�LQ�PRUH�GHWDLO�LQ�£6RUWLQJ¤�RQ�SDJH�����

$V�DQ�DOWHUQDWLYH�WR�XVLQJ�0DS5HGXFH�IRU�VRUW�PHUJH��WKHUH�LV�D�SequenceFile.Sorter
FODVV�WKDW�KDV�D�QXPEHU�RI�sort()�DQG�merge()�PHWKRGV��7KHVH�IXQFWLRQV�SUHGDWH�0DS�
5HGXFH�DQG�DUH�ORZHU�OHYHO�IXQFWLRQV�WKDQ�0DS5HGXFH��IRU�H[DPSOH��WR�JHW�SDUDOOHOLVP�
\RX�QHHG�WR�SDUWLWLRQ�\RXU�GDWD�PDQXDOO\���VR�LQ�JHQHUDO�0DS5HGXFH�LV�WKH�SUHIHUUHG
DSSURDFK�WR�VRUW�DQG�PHUJH�VHTXHQFH�ILOHV�

The SequenceFile format
$�VHTXHQFH�ILOH�FRQVLVWV�RI�D�KHDGHU�IROORZHG�E\�RQH�RU�PRUH�UHFRUGV��VHH�)LJXUH������
7KH�ILUVW�WKUHH�E\WHV�RI�D�VHTXHQFH�ILOH�DUH�WKH�E\WHV�SEQ��ZKLFK�DFWV�DV�D�PDJLF�QXPEHU�
IROORZHG�E\�D�VLQJOH�E\WH�UHSUHVHQWLQJ�WKH�YHUVLRQ�QXPEHU��7KH�KHDGHU�FRQWDLQV�RWKHU
ILHOGV�� LQFOXGLQJ� WKH�QDPHV�RI� WKH�NH\�DQG�YDOXH�FODVVHV�� FRPSUHVVLRQ�GHWDLOV��XVHU�
GHILQHG�PHWDGDWD��DQG�WKH�V\QF�PDUNHU����5HFDOO�WKDW�WKH�V\QF�PDUNHU�LV�XVHG�WR�DOORZ
D�UHDGHU�WR�V\QFKURQL]H�WR�D�UHFRUG�ERXQGDU\�IURP�DQ\�SRVLWLRQ�LQ�WKH�ILOH��(DFK�ILOH�KDV
D�UDQGRPO\�JHQHUDWHG�V\QF�PDUNHU��ZKRVH�YDOXH�LV�VWRUHG�LQ�WKH�KHDGHU��6\QF�PDUNHUV
DSSHDU�EHWZHHQ�UHFRUGV�LQ�WKH�VHTXHQFH�ILOH��7KH\�DUH�GHVLJQHG�WR�LQFXU�OHVV�WKDQ�D���
VWRUDJH�RYHUKHDG��VR�WKH\�GRQ¦W�QHFHVVDULO\�DSSHDU�EHWZHHQ�HYHU\�SDLU�RI�UHFRUGV��VXFK
LV�WKH�FDVH�IRU�VKRUW�UHFRUGV��

��� )XOO�GHWDLOV�RI�WKH�IRUPDW�RI�WKHVH�ILHOGV�PD\�EH�IRXQG�LQ�SequenceFile¦V�GRFXPHQWDWLRQ�DQG�VRXUFH�FRGH�
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7KH�LQWHUQDO�IRUPDW�RI�WKH�UHFRUGV�GHSHQGV�RQ�ZKHWKHU�FRPSUHVVLRQ�LV�HQDEOHG��DQG�LI
LW�LV��ZKHWKHU�LW�LV�UHFRUG�FRPSUHVVLRQ�RU�EORFN�FRPSUHVVLRQ�

,I�QR�FRPSUHVVLRQ�LV�HQDEOHG��WKH�GHIDXOW���HDFK�UHFRUG�LV�PDGH�XS�RI�WKH�UHFRUG�OHQJWK
�LQ�E\WHV���WKH�NH\�OHQJWK��WKH�NH\��DQG�WKHQ�WKH�YDOXH��7KH�OHQJWK�ILHOGV�DUH�ZULWWHQ�DV
IRXU�E\WH�LQWHJHUV�DGKHULQJ�WR�WKH�FRQWUDFW�RI�WKH�writeInt()�PHWKRG�RI�java.io.Data
Output��.H\V�DQG�YDOXHV�DUH�VHULDOL]HG�XVLQJ�WKH�Serialization�GHILQHG�IRU�WKH�FODVV�EHLQJ
ZULWWHQ�WR�WKH�VHTXHQFH�ILOH�

7KH�IRUPDW�IRU�UHFRUG�FRPSUHVVLRQ�LV�DOPRVW�LGHQWLFDO�WR�QR�FRPSUHVVLRQ��H[FHSW�WKH
YDOXH�E\WHV�DUH�FRPSUHVVHG�XVLQJ�WKH�FRGHF�GHILQHG�LQ�WKH�KHDGHU��1RWH�WKDW�NH\V�DUH
QRW�FRPSUHVVHG�

%ORFN�FRPSUHVVLRQ�FRPSUHVVHV�PXOWLSOH�UHFRUGV�DW�RQFH��LW�LV�WKHUHIRUH�PRUH�FRPSDFW
WKDQ�DQG�VKRXOG�JHQHUDOO\�EH�SUHIHUUHG�RYHU� UHFRUG�FRPSUHVVLRQ�EHFDXVH� LW�KDV� WKH
RSSRUWXQLW\�WR�WDNH�DGYDQWDJH�RI�VLPLODULWLHV�EHWZHHQ�UHFRUGV���6HH�)LJXUH�������5HFRUGV
DUH� DGGHG� WR� D� EORFN� XQWLO� LW� UHDFKHV� D� PLQLPXP� VL]H� LQ� E\WHV�� GHILQHG� E\� WKH�
io.seqfile.compress.blocksize�SURSHUW\��WKH�GHIDXOW�LV���PLOOLRQ�E\WHV��$�V\QF�PDUNHU
LV�ZULWWHQ�EHIRUH�WKH�VWDUW�RI�HYHU\�EORFN��7KH�IRUPDW�RI�D�EORFN�LV�D�ILHOG�LQGLFDWLQJ�WKH
QXPEHU�RI�UHFRUGV�LQ�WKH�EORFN��IROORZHG�E\�IRXU�FRPSUHVVHG�ILHOGV��WKH�NH\�OHQJWKV�
WKH�NH\V��WKH�YDOXH�OHQJWKV��DQG�WKH�YDOXHV�

MapFile
$�MapFile�LV�D�VRUWHG�SequenceFile�ZLWK�DQ�LQGH[�WR�SHUPLW�ORRNXSV�E\�NH\��MapFile�FDQ
EH�WKRXJKW�RI�DV�D�SHUVLVWHQW�IRUP�RI�java.util.Map��DOWKRXJK�LW�GRHVQ¦W�LPSOHPHQW�WKLV
LQWHUIDFH���ZKLFK�LV�DEOH�WR�JURZ�EH\RQG�WKH�VL]H�RI�D�Map�WKDW�LV�NHSW�LQ�PHPRU\�

)LJXUH������7KH�LQWHUQDO�VWUXFWXUH�RI�D�VHTXHQFH�ILOH�ZLWK�QR�FRPSUHVVLRQ�DQG�ZLWK�UHFRUG�FRPSUHVVLRQ
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Writing a MapFile
:ULWLQJ� D� MapFile� LV� VLPLODU� WR� ZULWLQJ� D� SequenceFile�� \RX� FUHDWH� DQ� LQVWDQFH� RI�
MapFile.Writer��WKHQ�FDOO�WKH�append()�PHWKRG�WR�DGG�HQWULHV�LQ�RUGHU���$WWHPSWLQJ�WR
DGG� HQWULHV� RXW� RI� RUGHU�ZLOO� UHVXOW� LQ� DQ�IOException���.H\V�PXVW� EH� LQVWDQFHV� RI�
WritableComparable��DQG�YDOXHV�PXVW�EH�Writable��&RQWUDVW�WKLV�WR�SequenceFile��ZKLFK
FDQ�XVH�DQ\�VHULDOL]DWLRQ�IUDPHZRUN�IRU�LWV�HQWULHV�

7KH�SURJUDP�LQ�([DPSOH������FUHDWHV�D�MapFile�DQG�ZULWHV�VRPH�HQWULHV�WR�LW��,W�LV�YHU\
VLPLODU�WR�WKH�SURJUDP�LQ�([DPSOH������IRU�FUHDWLQJ�D�SequenceFile�

([DPSOH�������:ULWLQJ�D�0DS)LOH

public class MapFileWriteDemo {
  
  private static final String[] DATA = {
    "One, two, buckle my shoe",
    "Three, four, shut the door",
    "Five, six, pick up sticks",
    "Seven, eight, lay them straight",
    "Nine, ten, a big fat hen"
  };
  
  public static void main(String[] args) throws IOException {
    String uri = args[0];
    Configuration conf = new Configuration();
    FileSystem fs = FileSystem.get(URI.create(uri), conf);

    IntWritable key = new IntWritable();
    Text value = new Text();
    MapFile.Writer writer = null;
    try {
      writer = new MapFile.Writer(conf, fs, uri,
          key.getClass(), value.getClass());
      
      for (int i = 0; i < 1024; i++) {
        key.set(i + 1);
        value.set(DATA[i % DATA.length]);

)LJXUH������7KH�LQWHUQDO�VWUXFWXUH�RI�D�VHTXHQFH�ILOH�ZLWK�EORFN�FRPSUHVVLRQ
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        writer.append(key, value);
      }
    } finally {
      IOUtils.closeStream(writer);
    }
  }
}

/HW¦V�XVH�WKLV�SURJUDP�WR�EXLOG�D�MapFile�

% hadoop MapFileWriteDemo numbers.map

,I�ZH�ORRN�DW�WKH�MapFile��ZH�VHH�LW¦V�DFWXDOO\�D�GLUHFWRU\�FRQWDLQLQJ�WZR�ILOHV�FDOOHG
GDWD�DQG�LQGH[�

% ls -l numbers.map
total 104
-rw-r--r--   1 tom  tom  47898 Jul 29 22:06 data
-rw-r--r--   1 tom  tom    251 Jul 29 22:06 index

%RWK�ILOHV�DUH�SequenceFileV��7KH�GDWD�ILOH�FRQWDLQV�DOO�RI�WKH�HQWULHV��LQ�RUGHU�

% hadoop fs -text numbers.map/data | head
1       One, two, buckle my shoe
2       Three, four, shut the door
3       Five, six, pick up sticks
4       Seven, eight, lay them straight
5       Nine, ten, a big fat hen
6       One, two, buckle my shoe
7       Three, four, shut the door
8       Five, six, pick up sticks
9       Seven, eight, lay them straight
10      Nine, ten, a big fat hen

7KH�LQGH[�ILOH�FRQWDLQV�D�IUDFWLRQ�RI�WKH�NH\V�DQG�FRQWDLQV�D�PDSSLQJ�IURP�WKH�NH\�WR
WKDW�NH\¦V�RIIVHW�LQ�WKH�GDWD�ILOH�

% hadoop fs -text numbers.map/index
1       128
129     6079
257     12054
385     18030
513     24002
641     29976
769     35947
897     41922

$V�ZH�FDQ�VHH�IURP�WKH�RXWSXW��E\�GHIDXOW�RQO\�HYHU\����WK�NH\�LV�LQFOXGHG�LQ�WKH�LQGH[�
DOWKRXJK� \RX� FDQ� FKDQJH� WKLV� YDOXH� HLWKHU� E\� VHWWLQJ� WKH� io.map.index.interval
SURSHUW\�RU�E\�FDOOLQJ�WKH�setIndexInterval()�PHWKRG�RQ�WKH�MapFile.Writer�LQVWDQFH�
$�UHDVRQ�WR�LQFUHDVH�WKH�LQGH[�LQWHUYDO�ZRXOG�EH�WR�GHFUHDVH�WKH�DPRXQW�RI�PHPRU\
WKDW�WKH�MapFile�QHHGV�WR�VWRUH�WKH�LQGH[��&RQYHUVHO\��\RX�PLJKW�GHFUHDVH�WKH�LQWHUYDO
WR�LPSURYH�WKH�WLPH�IRU�UDQGRP�VHOHFWLRQ��VLQFH�IHZHU�UHFRUGV�QHHG�WR�EH�VNLSSHG�RQ
DYHUDJH��DW�WKH�H[SHQVH�RI�PHPRU\�XVDJH�
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%HFDXVH�WKH�LQGH[�LV�RQO\�D�SDUWLDO�LQGH[�RI�NH\V��MapFile�LV�QRW�DEOH�WR�SURYLGH�PHWKRGV
WR�HQXPHUDWH��RU�HYHQ�FRXQW��DOO�WKH�NH\V�LW�FRQWDLQV��7KH�RQO\�ZD\�WR�SHUIRUP�WKHVH
RSHUDWLRQV�LV�WR�UHDG�WKH�ZKROH�ILOH�

Reading a MapFile
,WHUDWLQJ� WKURXJK� WKH�HQWULHV� LQ�RUGHU� LQ�D�MapFile� LV� VLPLODU� WR� WKH�SURFHGXUH� IRU�D
SequenceFile��\RX�FUHDWH�D�MapFile.Reader��WKHQ�FDOO�WKH�next()�PHWKRG�XQWLO�LW�UHWXUQV
false��VLJQLI\LQJ�WKDW�QR�HQWU\�ZDV�UHDG�EHFDXVH�WKH�HQG�RI�WKH�ILOH�ZDV�UHDFKHG�

public boolean next(WritableComparable key, Writable val) throws IOException

$�UDQGRP�DFFHVV�ORRNXS�FDQ�EH�SHUIRUPHG�E\�FDOOLQJ�WKH�get()�PHWKRG�

public Writable get(WritableComparable key, Writable val) throws IOException

7KH�UHWXUQ�YDOXH�LV�XVHG�WR�GHWHUPLQH�ZKHWKHU�DQ�HQWU\�ZDV�IRXQG�LQ�WKH�MapFile��LI�LW¦V
null��QR�YDOXH�H[LVWV�IRU�WKH�JLYHQ�key��,I�key�ZDV�IRXQG��WKH�YDOXH�IRU�WKDW�NH\�LV�UHDG
LQWR�val��DV�ZHOO�DV�EHLQJ�UHWXUQHG�IURP�WKH�PHWKRG�FDOO�

,W�PLJKW�EH�KHOSIXO�WR�XQGHUVWDQG�KRZ�WKLV�LV�LPSOHPHQWHG��+HUH�LV�D�VQLSSHW�RI�FRGH
WKDW�UHWULHYHV�DQ�HQWU\�IRU�WKH�MapFile�ZH�FUHDWHG�LQ�WKH�SUHYLRXV�VHFWLRQ�

    Text value = new Text();
    reader.get(new IntWritable(496), value);
    assertThat(value.toString(), is("One, two, buckle my shoe"));

)RU�WKLV�RSHUDWLRQ��WKH�MapFile.Reader�UHDGV�WKH�LQGH[�ILOH�LQWR�PHPRU\��WKLV�LV�FDFKHG
VR�WKDW�VXEVHTXHQW�UDQGRP�DFFHVV�FDOOV�ZLOO�XVH�WKH�VDPH�LQ�PHPRU\�LQGH[���7KH�UHDGHU
WKHQ�SHUIRUPV�D�ELQDU\�VHDUFK�RQ�WKH�LQ�PHPRU\�LQGH[�WR�ILQG�WKH�NH\�LQ�WKH�LQGH[�WKDW
LV�OHVV�WKDQ�RU�HTXDO�WR�WKH�VHDUFK�NH\�������,Q�WKLV�H[DPSOH��WKH�LQGH[�NH\�IRXQG�LV�����
ZLWK�YDOXH��������ZKLFK�LV�WKH�RIIVHW�LQ�WKH�GDWD�ILOH��1H[W��WKH�UHDGHU�VHHNV�WR�WKLV�RIIVHW
LQ�WKH�GDWD�ILOH�DQG�UHDGV�HQWULHV�XQWLO�WKH�NH\�LV�JUHDWHU�WKDQ�RU�HTXDO�WR�WKH�VHDUFK�NH\
�������,Q�WKLV�FDVH��D�PDWFK�LV�IRXQG�DQG�WKH�YDOXH�LV�UHDG�IURP�WKH�GDWD�ILOH��2YHUDOO��D
ORRNXS�WDNHV�D�VLQJOH�GLVN�VHHN�DQG�D�VFDQ�WKURXJK�XS�WR�����HQWULHV�RQ�GLVN��)RU�D
UDQGRP�DFFHVV�UHDG��WKLV�LV�DFWXDOO\�YHU\�HIILFLHQW�

7KH�getClosest()�PHWKRG�LV� OLNH�get()��H[FHSW� LW�UHWXUQV�WKH�£FORVHVW¤�PDWFK�WR�WKH
VSHFLILHG�NH\�UDWKHU�WKDQ�UHWXUQLQJ�null�RQ�QR�PDWFK��0RUH�SUHFLVHO\��LI�WKH�MapFile
FRQWDLQV�WKH�VSHFLILHG�NH\��WKHQ�WKDW�LV�WKH�HQWU\�UHWXUQHG��RWKHUZLVH��WKH�NH\�LQ�WKH
MapFile� WKDW� LV� LPPHGLDWHO\� DIWHU� �RU� EHIRUH�� DFFRUGLQJ� WR� D� boolean� DUJXPHQW�� WKH
VSHFLILHG�NH\�LV�UHWXUQHG�

$�YHU\�ODUJH�MapFile¦V�LQGH[�FDQ�WDNH�XS�D�ORW�RI�PHPRU\��5DWKHU�WKDQ�UHLQGH[�WR�FKDQJH
WKH�LQGH[�LQWHUYDO��LW�LV�SRVVLEOH�WR�ORDG�RQO\�D�IUDFWLRQ�RI�WKH�LQGH[�NH\V�LQWR�PHPRU\
ZKHQ�UHDGLQJ�WKH�MapFile�E\�VHWWLQJ�WKH�io.map.index.skip�SURSHUW\��7KLV�SURSHUW\�LV
QRUPDOO\�0��ZKLFK�PHDQV�QR�LQGH[�NH\V�DUH�VNLSSHG��D�YDOXH�RI�1�PHDQV�VNLS�RQH�NH\
IRU�HYHU\�NH\�LQ�WKH�LQGH[��VR�HYHU\�RWKHU�NH\�HQGV�XS�LQ�WKH�LQGH[���2�PHDQV�VNLS�WZR
NH\V�IRU�HYHU\�NH\�LQ�WKH�LQGH[��VR�RQH�WKLUG�RI�WKH�NH\V�HQG�XS�LQ�WKH�LQGH[���DQG�VR
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RQ��/DUJHU�VNLS�YDOXHV�VDYH�PHPRU\�EXW�DW�WKH�H[SHQVH�RI�ORRNXS�WLPH��VLQFH�RQ�DYHUDJH�
PRUH�HQWULHV�KDYH�WR�EH�VFDQQHG�RQ�GLVN�

MapFile variants
+DGRRS�FRPHV�ZLWK�D�IHZ�YDULDQWV�RQ�WKH�JHQHUDO�NH\�YDOXH�MapFile�LQWHUIDFH�

� SetFile�LV�D�VSHFLDOL]DWLRQ�RI�MapFile�IRU�VWRULQJ�D�VHW�RI�Writable�NH\V��7KH�NH\V
PXVW�EH�DGGHG�LQ�VRUWHG�RUGHU�

� ArrayFile� LV�D�MapFile�ZKHUH�WKH�NH\�LV�DQ�LQWHJHU�UHSUHVHQWLQJ�WKH�LQGH[�RI�WKH
HOHPHQW�LQ�WKH�DUUD\�DQG�WKH�YDOXH�LV�D�Writable�YDOXH�

� BloomMapFile�LV�D�MapFile�WKDW�RIIHUV�D�IDVW�YHUVLRQ�RI�WKH�get()�PHWKRG��HVSHFLDOO\
IRU�VSDUVHO\�SRSXODWHG�ILOHV��7KH�LPSOHPHQWDWLRQ�XVHV�D�G\QDPLF�EORRP�ILOWHU�IRU
WHVWLQJ�ZKHWKHU�D�JLYHQ�NH\� LV� LQ�WKH�PDS��7KH�WHVW� LV�YHU\� IDVW�EHFDXVH� LW� LV� LQ�
PHPRU\��EXW�LW�KDV�D�QRQ]HUR�SUREDELOLW\�RI�IDOVH�SRVLWLYHV��LQ�ZKLFK�FDVH�WKH�UHJXODU
get()�PHWKRG�LV�FDOOHG�

7KHUH�DUH� WZR�WXQLQJ�SDUDPHWHUV��io.mapfile.bloom.size� IRU� WKH� �DSSUR[LPDWH�
QXPEHU� RI� HQWULHV� LQ� WKH� PDS� �GHIDXOW� ����������� DQG� io.map
file.bloom.error.rate�IRU�WKH�GHVLUHG�PD[LPXP�HUURU�UDWH��GHIDXOW��������ZKLFK
LV�������

Converting a SequenceFile to a MapFile
2QH�ZD\�RI�ORRNLQJ�DW�D�MapFile�LV�DV�DQ�LQGH[HG�DQG�VRUWHG�SequenceFile��6R�LW¦V�TXLWH
QDWXUDO�WR�ZDQW�WR�EH�DEOH�WR�FRQYHUW�D�SequenceFile�LQWR�D�MapFile��:H�FRYHUHG�KRZ
WR�VRUW�D�SequenceFile�LQ�£6RUWLQJ�DQG�PHUJLQJ�6HTXHQFH)LOHV¤�RQ�SDJH������VR�KHUH�ZH
ORRN�DW�KRZ�WR�FUHDWH�DQ�LQGH[�IRU�D�SequenceFile��7KH�SURJUDP�LQ�([DPSOH������KLQJHV
DURXQG� WKH�VWDWLF�XWLOLW\�PHWKRG�fix()�RQ�MapFile��ZKLFK� UH�FUHDWHV� WKH� LQGH[� IRU�D
MapFile�

([DPSOH�������5H�FUHDWLQJ�WKH�LQGH[�IRU�D�0DS)LOH

public class MapFileFixer {

  public static void main(String[] args) throws Exception {
    String mapUri = args[0];
    
    Configuration conf = new Configuration();
    
    FileSystem fs = FileSystem.get(URI.create(mapUri), conf);
    Path map = new Path(mapUri);
    Path mapData = new Path(map, MapFile.DATA_FILE_NAME);
    
    // Get key and value types from data sequence file
    SequenceFile.Reader reader = new SequenceFile.Reader(fs, mapData, conf);
    Class keyClass = reader.getKeyClass();
    Class valueClass = reader.getValueClass();
    reader.close();
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    // Create the map file index file
    long entries = MapFile.fix(fs, map, keyClass, valueClass, false, conf);
    System.out.printf("Created MapFile %s with %d entries\n", map, entries);
  }
}

7KH�fix()�PHWKRG�LV�XVXDOO\�XVHG�IRU�UHFUHDWLQJ�FRUUXSWHG�LQGH[HV��EXW�EHFDXVH�LW�FUH�
DWHV�D�QHZ�LQGH[�IURP�VFUDWFK��LW¦V�H[DFWO\�ZKDW�ZH�QHHG�KHUH��7KH�UHFLSH�LV�DV�IROORZV�

�� 6RUW�WKH�VHTXHQFH�ILOH�QXPEHUV�VHT�LQWR�D�QHZ�GLUHFWRU\�FDOOHG�QXPEHU�PDS�WKDW�ZLOO
EHFRPH�WKH�MapFile��LI�WKH�VHTXHQFH�ILOH�LV�DOUHDG\�VRUWHG��\RX�FDQ�VNLS�WKLV�VWHS�
LQVWHDG��FRS\�LW�WR�D�ILOH�QXPEHU�PDS�GDWD��DQG�JR�WR�VWHS����

% hadoop jar $HADOOP_INSTALL/hadoop-*-examples.jar sort -r 1 \
  -inFormat org.apache.hadoop.mapred.SequenceFileInputFormat \
  -outFormat org.apache.hadoop.mapred.SequenceFileOutputFormat \
  -outKey org.apache.hadoop.io.IntWritable \
  -outValue org.apache.hadoop.io.Text \
  numbers.seq numbers.map

�� 5HQDPH�WKH�0DS5HGXFH�RXWSXW�WR�EH�WKH�GDWD�ILOH�

% hadoop fs -mv numbers.map/part-00000 numbers.map/data

�� &UHDWH�WKH�LQGH[�ILOH�

% hadoop MapFileFixer numbers.map
Created MapFile numbers.map with 100 entries

7KH�MapFile�QXPEHUV�PDS�QRZ�H[LVWV�DQG�FDQ�EH�XVHG�
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CHAPTER 5

Developing a MapReduce Application

,Q�&KDSWHU����ZH�LQWURGXFHG�WKH�0DS5HGXFH�PRGHO��,Q�WKLV�FKDSWHU��ZH�ORRN�DW�WKH
SUDFWLFDO�DVSHFWV�RI�GHYHORSLQJ�D�0DS5HGXFH�DSSOLFDWLRQ�LQ�+DGRRS�

:ULWLQJ�D�SURJUDP�LQ�0DS5HGXFH�IROORZV�D�FHUWDLQ�SDWWHUQ��<RX�VWDUW�E\�ZULWLQJ�\RXU
PDS�DQG�UHGXFH�IXQFWLRQV��LGHDOO\�ZLWK�XQLW�WHVWV�WR�PDNH�VXUH�WKH\�GR�ZKDW�\RX�H[SHFW�
7KHQ�\RX�ZULWH�D�GULYHU�SURJUDP�WR�UXQ�D�MRE��ZKLFK�FDQ�UXQ�IURP�\RXU�,'(�XVLQJ�D
VPDOO�VXEVHW�RI�WKH�GDWD�WR�FKHFN�WKDW�LW�LV�ZRUNLQJ��,I�LW�IDLOV��\RX�FDQ�XVH�\RXU�,'(¦V
GHEXJJHU�WR�ILQG�WKH�VRXUFH�RI�WKH�SUREOHP��:LWK�WKLV�LQIRUPDWLRQ��\RX�FDQ�H[SDQG
\RXU�XQLW�WHVWV�WR�FRYHU�WKLV�FDVH�DQG�LPSURYH�\RXU�PDSSHU�RU�UHGXFHU�DV�DSSURSULDWH
WR�KDQGOH�VXFK�LQSXW�FRUUHFWO\�

:KHQ�WKH�SURJUDP�UXQV�DV�H[SHFWHG�DJDLQVW�WKH�VPDOO�GDWDVHW��\RX�DUH�UHDG\�WR�XQOHDVK
LW�RQ�D�FOXVWHU��5XQQLQJ�DJDLQVW�WKH�IXOO�GDWDVHW�LV�OLNHO\�WR�H[SRVH�VRPH�PRUH�LVVXHV�
ZKLFK�\RX�FDQ�IL[�DV�EHIRUH��E\�H[SDQGLQJ�\RXU�WHVWV�DQG�PDSSHU�RU�UHGXFHU�WR�KDQGOH
WKH�QHZ�FDVHV��'HEXJJLQJ�IDLOLQJ�SURJUDPV�LQ�WKH�FOXVWHU�LV�D�FKDOOHQJH��VR�ZH�ORRN�DW
VRPH�FRPPRQ�WHFKQLTXHV�WR�PDNH�LW�HDVLHU�

$IWHU�WKH�SURJUDP�LV�ZRUNLQJ��\RX�PD\�ZLVK�WR�GR�VRPH�WXQLQJ��ILUVW�E\�UXQQLQJ�WKURXJK
VRPH�VWDQGDUG�FKHFNV�IRU�PDNLQJ�0DS5HGXFH�SURJUDPV�IDVWHU�DQG�WKHQ�E\�GRLQJ�WDVN
SURILOLQJ��3URILOLQJ�GLVWULEXWHG�SURJUDPV�LV�QRW�HDV\��EXW�+DGRRS�KDV�KRRNV�WR�DLG�WKH
SURFHVV�

%HIRUH�ZH�VWDUW�ZULWLQJ�D�0DS5HGXFH�SURJUDP��ZH�QHHG�WR�VHW�XS�DQG�FRQILJXUH�WKH
GHYHORSPHQW�HQYLURQPHQW��$QG�WR�GR�WKDW��ZH�QHHG�WR�OHDUQ�D�ELW�DERXW�KRZ�+DGRRS
GRHV�FRQILJXUDWLRQ�
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The Configuration API
&RPSRQHQWV�LQ�+DGRRS�DUH�FRQILJXUHG�XVLQJ�+DGRRS¦V�RZQ�FRQILJXUDWLRQ�$3,��$Q
LQVWDQFH� RI� WKH� Configuration� FODVV� �IRXQG� LQ� WKH� org.apache.hadoop.conf� SDFNDJH�
UHSUHVHQWV�D�FROOHFWLRQ�RI�FRQILJXUDWLRQ�SURSHUWLHV�DQG�WKHLU�YDOXHV��(DFK�SURSHUW\�LV
QDPHG�E\�D�String��DQG�WKH�W\SH�RI�D�YDOXH�PD\�EH�RQH�RI�VHYHUDO�W\SHV��LQFOXGLQJ�-DYD
SULPLWLYHV� VXFK�DV�boolean��int��long��DQG�float��RWKHU�XVHIXO� W\SHV�VXFK�DV�String�
Class��DQG�java.io.File��DQG�FROOHFWLRQV�RI�StringV�

ConfigurationV�UHDG�WKHLU�SURSHUWLHV�IURP�UHVRXUFHV¢;0/�ILOHV�ZLWK�D�VLPSOH�VWUXFWXUH
IRU�GHILQLQJ�QDPH�YDOXH�SDLUV��6HH�([DPSOH�����

([DPSOH������$�VLPSOH�FRQILJXUDWLRQ�ILOH��FRQILJXUDWLRQ���[PO

<?xml version="1.0"?>
<configuration>
  <property>
    <name>color</name>
    <value>yellow</value>
    <description>Color</description>
  </property>
  
  <property>
    <name>size</name>
    <value>10</value>
    <description>Size</description>
  </property>
  
  <property>
    <name>weight</name>
    <value>heavy</value>
    <final>true</final>
    <description>Weight</description>
  </property>
  
  <property>
    <name>size-weight</name>
    <value>${size},${weight}</value>
    <description>Size and weight</description>
  </property>
</configuration>

$VVXPLQJ�WKLV�FRQILJXUDWLRQ�ILOH�LV�LQ�D�ILOH�FDOOHG�FRQILJXUDWLRQ���[PO��ZH�FDQ�DFFHVV�LWV
SURSHUWLHV�XVLQJ�D�SLHFH�RI�FRGH�OLNH�WKLV�

    Configuration conf = new Configuration();
    conf.addResource("configuration-1.xml");
    assertThat(conf.get("color"), is("yellow"));
    assertThat(conf.getInt("size", 0), is(10));
    assertThat(conf.get("breadth", "wide"), is("wide"));
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7KHUH�DUH�D�FRXSOH�RI�WKLQJV�WR�QRWH��W\SH�LQIRUPDWLRQ�LV�QRW�VWRUHG�LQ�WKH�;0/�ILOH�
LQVWHDG��SURSHUWLHV�FDQ�EH�LQWHUSUHWHG�DV�D�JLYHQ�W\SH�ZKHQ�WKH\�DUH�UHDG��$OVR��WKH�
get()�PHWKRGV�DOORZ�\RX�WR�VSHFLI\�D�GHIDXOW�YDOXH��ZKLFK�LV�XVHG�LI�WKH�SURSHUW\�LV�QRW
GHILQHG�LQ�WKH�;0/�ILOH��DV�LQ�WKH�FDVH�RI�breadth�KHUH�

Combining Resources
7KLQJV�JHW�LQWHUHVWLQJ�ZKHQ�PRUH�WKDQ�RQH�UHVRXUFH�LV�XVHG�WR�GHILQH�D�FRQILJXUDWLRQ�
7KLV�LV�XVHG�LQ�+DGRRS�WR�VHSDUDWH�RXW�WKH�GHIDXOW�SURSHUWLHV�IRU�WKH�V\VWHP��GHILQHG
LQWHUQDOO\� LQ� D� ILOH� FDOOHG� FRUH�GHIDXOW�[PO�� IURP� WKH� VLWH�VSHFLILF� RYHUULGHV� LQ� FRUH�
VLWH�[PO��7KH�ILOH�LQ�([DPSOH�����GHILQHV�WKH�size�DQG�weight�SURSHUWLHV�

([DPSOH������$�VHFRQG�FRQILJXUDWLRQ�ILOH��FRQILJXUDWLRQ���[PO

<?xml version="1.0"?>
<configuration>
  <property>
    <name>size</name>
    <value>12</value>
  </property>
  
  <property>
    <name>weight</name>
    <value>light</value>
  </property>
</configuration>

5HVRXUFHV�DUH�DGGHG�WR�D�Configuration�LQ�RUGHU�

    Configuration conf = new Configuration();
    conf.addResource("configuration-1.xml");
    conf.addResource("configuration-2.xml");

3URSHUWLHV�GHILQHG�LQ�UHVRXUFHV�WKDW�DUH�DGGHG�ODWHU�RYHUULGH�WKH�HDUOLHU�GHILQLWLRQV��6R
WKH�size�SURSHUW\�WDNHV�LWV�YDOXH�IURP�WKH�VHFRQG�FRQILJXUDWLRQ�ILOH��FRQILJXUDWLRQ���[PO�

    assertThat(conf.getInt("size", 0), is(12));

+RZHYHU��SURSHUWLHV�WKDW�DUH�PDUNHG�DV�final�FDQQRW�EH�RYHUULGGHQ�LQ�ODWHU�GHILQLWLRQV�
7KH�weight�SURSHUW\�LV�final�LQ�WKH�ILUVW�FRQILJXUDWLRQ�ILOH��VR�WKH�DWWHPSW�WR�RYHUULGH�LW
LQ�WKH�VHFRQG�IDLOV��DQG�LW�WDNHV�WKH�YDOXH�IURP�WKH�ILUVW�

    assertThat(conf.get("weight"), is("heavy"));

$WWHPSWLQJ�WR�RYHUULGH�ILQDO�SURSHUWLHV�XVXDOO\�LQGLFDWHV�D�FRQILJXUDWLRQ�HUURU��VR�WKLV
UHVXOWV�LQ�D�ZDUQLQJ�PHVVDJH�EHLQJ�ORJJHG�WR�DLG�GLDJQRVLV��$GPLQLVWUDWRUV�PDUN�SURS�
HUWLHV�DV�ILQDO�LQ�WKH�GDHPRQ¦V�VLWH�ILOHV�WKDW�WKH\�GRQ¦W�ZDQW�XVHUV�WR�FKDQJH�LQ�WKHLU
FOLHQW�VLGH�FRQILJXUDWLRQ�ILOHV�RU�MRE�VXEPLVVLRQ�SDUDPHWHUV�
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Variable Expansion
&RQILJXUDWLRQ�SURSHUWLHV�FDQ�EH�GHILQHG�LQ�WHUPV�RI�RWKHU�SURSHUWLHV�RU�V\VWHP�SURS�
HUWLHV��)RU�H[DPSOH��WKH�SURSHUW\�size-weight�LQ�WKH�ILUVW�FRQILJXUDWLRQ�ILOH�LV�GHILQHG
DV�${size},${weight}��DQG�WKHVH�SURSHUWLHV�DUH�H[SDQGHG�XVLQJ�WKH�YDOXHV�IRXQG�LQ�WKH
FRQILJXUDWLRQ�

    assertThat(conf.get("size-weight"), is("12,heavy"));

6\VWHP�SURSHUWLHV�WDNH�SULRULW\�RYHU�SURSHUWLHV�GHILQHG�LQ�UHVRXUFH�ILOHV�

    System.setProperty("size", "14");
    assertThat(conf.get("size-weight"), is("14,heavy"));

7KLV� IHDWXUH� LV� XVHIXO� IRU� RYHUULGLQJ� SURSHUWLHV� RQ� WKH� FRPPDQG� OLQH� E\� XVLQJ
-Dproperty=value�-90�DUJXPHQWV�

1RWH�WKDW�DOWKRXJK�FRQILJXUDWLRQ�SURSHUWLHV�FDQ�EH�GHILQHG�LQ�WHUPV�RI�V\VWHP�SURS�
HUWLHV��XQOHVV�V\VWHP�SURSHUWLHV�DUH�UHGHILQHG�XVLQJ�FRQILJXUDWLRQ�SURSHUWLHV��WKH\�DUH
QRW�DFFHVVLEOH�WKURXJK�WKH�FRQILJXUDWLRQ�$3,��+HQFH�

    System.setProperty("length", "2");
    assertThat(conf.get("length"), is((String) null));

Setting Up the Development Environment
7KH�ILUVW�VWHS�LV�WR�FUHDWH�D�SURMHFW�VR�\RX�FDQ�EXLOG�0DS5HGXFH�SURJUDPV�DQG�UXQ�WKHP
LQ�ORFDO��VWDQGDORQH��PRGH�IURP�WKH�FRPPDQG�OLQH�RU�ZLWKLQ�\RXU�,'(��7KH�0DYHQ
320�LQ�([DPSOH�����VKRZV�WKH�GHSHQGHQFLHV�QHHGHG�IRU�EXLOGLQJ�DQG�WHVWLQJ�0DS�
5HGXFH�SURJUDPV�

([DPSOH������$�0DYHQ�320�IRU�EXLOGLQJ�DQG�WHVWLQJ�D�0DS5HGXFH�DSSOLFDWLRQ

<project>
  <modelVersion>4.0.0</modelVersion>
  <groupId>com.hadoopbook</groupId>
  <artifactId>hadoop-book-mr-dev</artifactId>
  <version>3.0</version>
  <properties>
    <project.build.sourceEncoding>UTF-8</project.build.sourceEncoding>
    <project.reporting.outputEncoding>UTF-8</project.reporting.outputEncoding>
  </properties>
  <dependencies>
    <!-- Hadoop main artifact -->
    <dependency>
      <groupId>org.apache.hadoop</groupId>
      <artifactId>hadoop-core</artifactId>
      <version>1.0.0</version>
    </dependency>
    <!-- Unit test artifacts -->
    <dependency>
      <groupId>junit</groupId>
      <artifactId>junit</artifactId>
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      <version>4.10</version>
      <scope>test</scope>
    </dependency>
    <dependency>
      <groupId>org.hamcrest</groupId>
      <artifactId>hamcrest-all</artifactId>
      <version>1.1</version>
      <scope>test</scope>
    </dependency>
    <dependency>
      <groupId>org.apache.mrunit</groupId>
      <artifactId>mrunit</artifactId>
      <version>0.8.0-incubating</version>
      <scope>test</scope>
    </dependency>
    <!-- Hadoop test artifacts for running mini clusters -->
    <dependency>
      <groupId>org.apache.hadoop</groupId>
      <artifactId>hadoop-test</artifactId>
      <version>1.0.0</version>
      <scope>test</scope>
    </dependency>
    <!-- Missing dependency for running mini clusters -->
    <dependency>
      <groupId>com.sun.jersey</groupId>
      <artifactId>jersey-core</artifactId>
      <version>1.8</version>
      <scope>test</scope>
    </dependency>
  </dependencies>
  <build>
    <finalName>hadoop-examples</finalName>
    <plugins>
      <plugin>
        <groupId>org.apache.maven.plugins</groupId>
        <artifactId>maven-compiler-plugin</artifactId>
        <version>2.3.2</version>
        <configuration>
          <source>1.6</source>
          <target>1.6</target>
        </configuration>
      </plugin>
      <plugin>
        <groupId>org.apache.maven.plugins</groupId>
        <artifactId>maven-jar-plugin</artifactId>
        <version>2.4</version>
        <configuration>
          <outputDirectory>${basedir}</outputDirectory>
        </configuration>
      </plugin>
    </plugins>
  </build>
</project>
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7KH�GHSHQGHQFLHV�VHFWLRQ�LV�WKH�LQWHUHVWLQJ�SDUW�RI�WKH�320���,W�LV�VWUDLJKWIRUZDUG�WR
XVH�DQRWKHU�EXLOG�WRRO��VXFK�DV�*UDGOH�RU�$QW�ZLWK�,Y\��DV�ORQJ�DV�\RX�XVH�WKH�VDPH�VHW
RI�GHSHQGHQFLHV�GHILQHG�KHUH���)RU�EXLOGLQJ�0DS5HGXFH�MREV�\RX�RQO\�QHHG�WR�KDYH
WKH�hadoop-core�GHSHQGHQF\��ZKLFK�FRQWDLQV�DOO�WKH�+DGRRS�FODVVHV��)RU�UXQQLQJ�XQLW
WHVWV�ZH�XVH�junit��DV�ZHOO�DV�D�FRXSOH�RI�KHOSHU�OLEUDULHV��hamcrest-all�SURYLGHV�XVHIXO
PDWFKHUV�IRU�ZULWLQJ�WHVW�DVVHUWLRQV��DQG�mrunit�LV�XVHG�IRU�ZULWLQJ�0DS5HGXFH�WHVWV�
7KH�hadoop-test�OLEUDU\�FRQWDLQV�WKH�£PLQL�¤�FOXVWHUV�WKDW�DUH�XVHIXO�IRU�WHVWLQJ�ZLWK
+DGRRS�FOXVWHUV�UXQQLQJ� LQ�D�VLQJOH�-90��ZH�DOVR�SXOO� LQ�jersey-core�EHFDXVH� LW� LV
PLVVLQJ�IURP�WKH�+DGRRS�320��

7KH�-$5�SDFNDJLQJ�KDV�FKDQJHG�LQ�UHOHDVHV�DIWHU���[��VR�XQIRUWXQDWHO\
\RX�FDQ¦W�MXVW�FKDQJH�WKH�YHUVLRQ�QXPEHU�RI�WKH�hadoop-core�GHSHQGHQF\
DQG�H[SHFW�LW�WR�ZRUN��7KH�H[DPSOH�FRGH�RQ�WKH�ERRN¦V�ZHEVLWH�FRQWDLQV
XS�WR�GDWH�GHSHQGHQF\�GHFODUDWLRQV�IRU�GLIIHUHQW�+DGRRS�UHOHDVHV�

0DQ\�,'(V�FDQ�UHDG�0DYHQ�320V�GLUHFWO\��VR�\RX�FDQ�MXVW�SRLQW�WKHP�DW�WKH�GLUHFWRU\
FRQWDLQLQJ�WKH�SRP�[PO�ILOH�DQG�VWDUW�ZULWLQJ�FRGH���$OWHUQDWLYHO\��\RX�FDQ�XVH�0DYHQ
WR�JHQHUDWH�FRQILJXUDWLRQ�ILOHV�IRU�\RXU�,'(��)RU�H[DPSOH��WKH�IROORZLQJ�FUHDWHV�(FOLSVH
FRQILJXUDWLRQ�ILOHV�VR�\RX�FDQ�LPSRUW�WKH�SURMHFW�LQWR�(FOLSVH�

% mvn eclipse:eclipse -DdownloadSources=true -DdownloadJavadocs=true

Managing Configuration
:KHQ�GHYHORSLQJ�+DGRRS�DSSOLFDWLRQV��LW�LV�FRPPRQ�WR�VZLWFK�EHWZHHQ�UXQQLQJ�WKH
DSSOLFDWLRQ�ORFDOO\�DQG�UXQQLQJ�LW�RQ�D�FOXVWHU��,Q�IDFW��\RX�PD\�KDYH�VHYHUDO�FOXVWHUV
\RX�ZRUN�ZLWK��RU�\RX�PD\�KDYH�D�ORFDO�£SVHXGRGLVWULEXWHG¤�FOXVWHU�WKDW�\RX�OLNH�WR
WHVW�RQ��D�SVHXGRGLVWULEXWHG�FOXVWHU�LV�RQH�ZKRVH�GDHPRQV�DOO�UXQ�RQ�WKH�ORFDO�PDFKLQH�
VHWWLQJ�XS�WKLV�PRGH�LV�FRYHUHG�LQ�$SSHQGL[�$��WRR��

2QH�ZD\�WR�DFFRPPRGDWH�WKHVH�YDULDWLRQV�LV�WR�KDYH�+DGRRS�FRQILJXUDWLRQ�ILOHV�FRQ�
WDLQLQJ�WKH�FRQQHFWLRQ�VHWWLQJV�IRU�HDFK�FOXVWHU�\RX�UXQ�DJDLQVW�DQG�VSHFLI\�ZKLFK�RQH
\RX�DUH�XVLQJ�ZKHQ�\RX�UXQ�+DGRRS�DSSOLFDWLRQV�RU�WRROV��$V�D�PDWWHU�RI�EHVW�SUDFWLFH�
LW¦V�UHFRPPHQGHG�WR�NHHS�WKHVH�ILOHV�RXWVLGH�+DGRRS¦V�LQVWDOODWLRQ�GLUHFWRU\�WUHH��DV
WKLV�PDNHV�LW�HDV\�WR�VZLWFK�EHWZHHQ�+DGRRS�YHUVLRQV�ZLWKRXW�GXSOLFDWLQJ�RU�ORVLQJ
VHWWLQJV�

)RU�WKH�SXUSRVHV�RI�WKLV�ERRN��ZH�DVVXPH�WKH�H[LVWHQFH�RI�D�GLUHFWRU\�FDOOHG�FRQI�WKDW
FRQWDLQV� WKUHH� FRQILJXUDWLRQ� ILOHV�� KDGRRS�ORFDO�[PO�� KDGRRS�ORFDOKRVW�[PO�� DQG
KDGRRS�FOXVWHU�[PO��WKHVH�DUH�DYDLODEOH�LQ�WKH�H[DPSOH�FRGH�IRU�WKLV�ERRN���1RWH�WKDW
WKHUH�LV�QRWKLQJ�VSHFLDO�DERXW�WKH�QDPHV�RI�WKHVH�ILOHV��WKH\�DUH�MXVW�FRQYHQLHQW�ZD\V�WR
SDFNDJH�XS�VRPH�FRQILJXUDWLRQ�VHWWLQJV���&RPSDUH�WKLV�WR�7DEOH�$���LQ�$SSHQGL[�$�
ZKLFK�VHWV�RXW�WKH�HTXLYDOHQW�VHUYHU�VLGH�FRQILJXUDWLRQV��

�� .DUPDVSKHUH�DOVR�SURYLGHV�(FOLSVH�DQG�1HW%HDQV�SOXJ�LQV�IRU�GHYHORSLQJ�DQG�UXQQLQJ�0DS5HGXFH�MREV
DQG�EURZVLQJ�+DGRRS�FOXVWHUV�
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7KH�KDGRRS�ORFDO�[PO�ILOH�FRQWDLQV�WKH�GHIDXOW�+DGRRS�FRQILJXUDWLRQ�IRU�WKH�GHIDXOW
ILOHV\VWHP�DQG�WKH�MREWUDFNHU�

<?xml version="1.0"?>
<configuration>

  <property>
    <name>fs.default.name</name>
    <value>file:///</value>
  </property>
  
  <property>
    <name>mapred.job.tracker</name>
    <value>local</value>
  </property>
  
</configuration>

7KH�VHWWLQJV�LQ�KDGRRS�ORFDOKRVW�[PO�SRLQW�WR�D�QDPHQRGH�DQG�D�MREWUDFNHU�ERWK�UXQ�
QLQJ�RQ�ORFDOKRVW�

<?xml version="1.0"?>
<configuration>

  <property>
    <name>fs.default.name</name>
    <value>hdfs://localhost/</value>
  </property>
  
  <property>
    <name>mapred.job.tracker</name>
    <value>localhost:8021</value>
  </property>
  
</configuration>

)LQDOO\��KDGRRS�FOXVWHU�[PO�FRQWDLQV�GHWDLOV�RI�WKH�FOXVWHU¦V�QDPHQRGH�DQG�MREWUDFNHU
DGGUHVVHV��,Q�SUDFWLFH��\RX�ZRXOG�QDPH�WKH�ILOH�DIWHU�WKH�QDPH�RI�WKH�FOXVWHU��UDWKHU
WKDQ�£FOXVWHU¤�DV�ZH�KDYH�KHUH�

<?xml version="1.0"?>
<configuration>

  <property>
    <name>fs.default.name</name>
    <value>hdfs://namenode/</value>
  </property>
  
  <property>
    <name>mapred.job.tracker</name>
    <value>jobtracker:8021</value>
  </property>
  
</configuration>
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<RX�FDQ�DGG�RWKHU�FRQILJXUDWLRQ�SURSHUWLHV�WR�WKHVH�ILOHV�DV�QHHGHG��)RU�H[DPSOH��LI�\RX
ZDQWHG�WR�VHW�\RXU�+DGRRS�XVHUQDPH�IRU�D�SDUWLFXODU�FOXVWHU��\RX�FRXOG�GR�LW�LQ�WKH
DSSURSULDWH�ILOH�

Setting User Identity
7KH�XVHU�LGHQWLW\�WKDW�+DGRRS�XVHV�IRU�SHUPLVVLRQV�LQ�+')6�LV�GHWHUPLQHG�E\�UXQQLQJ
WKH�whoami�FRPPDQG�RQ�WKH�FOLHQW�V\VWHP��6LPLODUO\��WKH�JURXS�QDPHV�DUH�GHULYHG�IURP
WKH�RXWSXW�RI�UXQQLQJ�groups�

,I��KRZHYHU��\RXU�+DGRRS�XVHU�LGHQWLW\�LV�GLIIHUHQW�IURP�WKH�QDPH�RI�\RXU�XVHU�DFFRXQW
RQ�\RXU�FOLHQW�PDFKLQH��\RX�FDQ�H[SOLFLWO\�VHW�\RXU�+DGRRS�XVHUQDPH�DQG�JURXS�QDPHV
E\�VHWWLQJ�WKH�hadoop.job.ugi�SURSHUW\��7KH�XVHUQDPH�DQG�JURXS�QDPHV�DUH�VSHFLILHG
DV�D�FRPPD�VHSDUDWHG�OLVW�RI�VWULQJV��H�J���preston,directors,inventors�ZRXOG�VHW�WKH
XVHUQDPH�WR�preston�DQG�WKH�JURXS�QDPHV�WR�directors�DQG�inventors��

<RX� FDQ� VHW� WKH� XVHU� LGHQWLW\� WKDW� WKH� +')6� ZHE� LQWHUIDFH� UXQV� DV� E\� VHWWLQJ�
dfs.web.ugi�XVLQJ�WKH�VDPH�V\QWD[��%\�GHIDXOW��LW�LV�webuser,webgroup��ZKLFK�LV�QRW�D
VXSHU�XVHU��VR�V\VWHP�ILOHV�DUH�QRW�DFFHVVLEOH�WKURXJK�WKH�ZHE�LQWHUIDFH�

1RWLFH� WKDW�� E\� GHIDXOW�� WKHUH� LV� QR� DXWKHQWLFDWLRQ� ZLWK� WKLV� V\VWHP�� 6HH� £6HFX�
ULW\¤�RQ�SDJH�����IRU�KRZ�WR�XVH�.HUEHURV�DXWKHQWLFDWLRQ�ZLWK�+DGRRS�

:LWK�WKLV�VHWXS��LW�LV�HDV\�WR�XVH�DQ\�FRQILJXUDWLRQ�ZLWK�WKH�-conf�FRPPDQG�OLQH�VZLWFK�
)RU�H[DPSOH��WKH�IROORZLQJ�FRPPDQG�VKRZV�D�GLUHFWRU\�OLVWLQJ�RQ�WKH�+')6�VHUYHU
UXQQLQJ�LQ�SVHXGRGLVWULEXWHG�PRGH�RQ�ORFDOKRVW�

% hadoop fs -conf conf/hadoop-localhost.xml -ls .
Found 2 items
drwxr-xr-x   - tom supergroup          0 2009-04-08 10:32 /user/tom/input
drwxr-xr-x   - tom supergroup          0 2009-04-08 13:09 /user/tom/output

,I�\RX�RPLW�WKH�-conf�RSWLRQ��\RX�SLFN�XS�WKH�+DGRRS�FRQILJXUDWLRQ�LQ�WKH�FRQI�VXE�
GLUHFWRU\�XQGHU�$HADOOP_INSTALL��'HSHQGLQJ�RQ�KRZ�\RX�VHW�WKLV�XS��WKLV�PD\�EH�IRU�D
VWDQGDORQH�VHWXS�RU�D�SVHXGRGLVWULEXWHG�FOXVWHU�

7RROV�WKDW�FRPH�ZLWK�+DGRRS�VXSSRUW�WKH�-conf�RSWLRQ��EXW�LW¦V�DOVR�VWUDLJKWIRUZDUG
WR�PDNH�\RXU�SURJUDPV��VXFK�DV�SURJUDPV�WKDW�UXQ�0DS5HGXFH�MREV��VXSSRUW�LW��WRR�
XVLQJ�WKH�Tool�LQWHUIDFH�

GenericOptionsParser, Tool, and ToolRunner
+DGRRS�FRPHV�ZLWK� D� IHZ�KHOSHU� FODVVHV� IRU�PDNLQJ� LW� HDVLHU� WR� UXQ� MREV� IURP� WKH
FRPPDQG� OLQH�� GenericOptionsParser� LV� D� FODVV� WKDW� LQWHUSUHWV� FRPPRQ� +DGRRS
FRPPDQG�OLQH�RSWLRQV�DQG�VHWV�WKHP�RQ�D�Configuration�REMHFW�IRU�\RXU�DSSOLFDWLRQ�WR
XVH� DV� GHVLUHG�� <RX� GRQ¦W� XVXDOO\� XVH� GenericOptionsParser� GLUHFWO\�� DV� LW¦V� PRUH
FRQYHQLHQW� WR� LPSOHPHQW� WKH� Tool� LQWHUIDFH� DQG� UXQ� \RXU� DSSOLFDWLRQ� ZLWK� WKH�
ToolRunner��ZKLFK�XVHV�GenericOptionsParser�LQWHUQDOO\�
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public interface Tool extends Configurable {
  int run(String [] args) throws Exception;
}

([DPSOH�����VKRZV�D�YHU\�VLPSOH�LPSOHPHQWDWLRQ�RI�Tool�WKDW�SULQWV�WKH�NH\V�DQG�YDOXHV
RI�DOO�WKH�SURSHUWLHV�LQ�WKH�Tool¦V�Configuration�REMHFW�

([DPSOH������$Q�H[DPSOH�7RRO�LPSOHPHQWDWLRQ�IRU�SULQWLQJ�WKH�SURSHUWLHV�LQ�D�&RQILJXUDWLRQ

public class ConfigurationPrinter extends Configured implements Tool {
  
  static {
    Configuration.addDefaultResource("hdfs-default.xml");
    Configuration.addDefaultResource("hdfs-site.xml");
    Configuration.addDefaultResource("mapred-default.xml");
    Configuration.addDefaultResource("mapred-site.xml");
  }

  @Override
  public int run(String[] args) throws Exception {
    Configuration conf = getConf();
    for (Entry<String, String> entry: conf) {
      System.out.printf("%s=%s\n", entry.getKey(), entry.getValue());
    }
    return 0;
  }
  
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(new ConfigurationPrinter(), args);
    System.exit(exitCode);
  }
}

:H�PDNH�ConfigurationPrinter�D�VXEFODVV�RI�Configured��ZKLFK�LV�DQ�LPSOHPHQWDWLRQ
RI� WKH� Configurable� LQWHUIDFH�� $OO� LPSOHPHQWDWLRQV� RI� Tool� QHHG� WR� LPSOHPHQW
Configurable��VLQFH�Tool�H[WHQGV�LW���DQG�VXEFODVVLQJ�Configured�LV�RIWHQ�WKH�HDVLHVW�ZD\
WR�DFKLHYH� WKLV��7KH�run()�PHWKRG�REWDLQV� WKH�Configuration�XVLQJ�Configurable¦V�
getConf()�PHWKRG�DQG�WKHQ�LWHUDWHV�RYHU�LW��SULQWLQJ�HDFK�SURSHUW\�WR�VWDQGDUG�RXWSXW�

7KH�VWDWLF�EORFN�PDNHV�VXUH�WKDW�WKH�+')6�DQG�0DS5HGXFH�FRQILJXUDWLRQV�DUH�SLFNHG
XS�LQ�DGGLWLRQ�WR�WKH�FRUH�RQHV��ZKLFK�Configuration�NQRZV�DERXW�DOUHDG\��

ConfigurationPrinter¦V�main()�PHWKRG�GRHV�QRW�LQYRNH�LWV�RZQ�run()�PHWKRG�GLUHFWO\�
,QVWHDG�� ZH� FDOO� ToolRunner¦V� VWDWLF� run()� PHWKRG�� ZKLFK� WDNHV� FDUH� RI� FUHDWLQJ� D�
Configuration�REMHFW�IRU�WKH�Tool�EHIRUH�FDOOLQJ�LWV�run()�PHWKRG��ToolRunner�DOVR�XVHV
D�GenericOptionsParser�WR�SLFN�XS�DQ\�VWDQGDUG�RSWLRQV�VSHFLILHG�RQ�WKH�FRPPDQG�OLQH
DQG�WR�VHW�WKHP�RQ�WKH�Configuration�LQVWDQFH��:H�FDQ�VHH�WKH�HIIHFW�RI�SLFNLQJ�XS�WKH
SURSHUWLHV�VSHFLILHG�LQ�FRQI�KDGRRS�ORFDOKRVW�[PO�E\�UXQQLQJ�WKH�IROORZLQJ�FRPPDQG�

% mvn compile
% export HADOOP_CLASSPATH=target/classes/
% hadoop ConfigurationPrinter -conf conf/hadoop-localhost.xml \
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  | grep mapred.job.tracker=
mapred.job.tracker=localhost:8021

Which Properties Can I Set?
ConfigurationPrinter�LV�D�XVHIXO�WRRO�IRU�GLVFRYHULQJ�ZKDW�D�SURSHUW\�LV�VHW�WR�LQ�\RXU
HQYLURQPHQW�

<RX�FDQ�DOVR�VHH�WKH�GHIDXOW�VHWWLQJV�IRU�DOO�WKH�SXEOLF�SURSHUWLHV�LQ�+DGRRS�E\�ORRNLQJ
LQ� WKH� GRFV� GLUHFWRU\� RI� \RXU� +DGRRS� LQVWDOODWLRQ� IRU� +70/� ILOHV� FDOOHG� FRUH�
GHIDXOW�KWPO��KGIV�GHIDXOW�KWPO��DQG�PDSUHG�GHIDXOW�KWPO��(DFK�SURSHUW\�KDV�D�GHVFULS�
WLRQ�WKDW�H[SODLQV�ZKDW�LW�LV�IRU�DQG�ZKDW�YDOXHV�LW�FDQ�EH�VHW�WR�

7KH�GHIDXOW� VHWWLQJV�GRFXPHQWDWLRQ� ILOHV� FDQ�EH� IRXQG�RQOLQH� DW�85/V�RI� WKH� IRUP
KWWS���KDGRRS�DSDFKH�RUJ�FRPPRQ�GRFV�U�YHUVLRQ!��FRPSRQHQW!�GHIDXOW�KWPO��IRU�H[�
DPSOH�� WKH�+')6�GHIDXOWV� IRU�UHOHDVH�������DUH�DW�KWWS���KDGRRS�DSDFKH�RUJ�FRPPRQ�
GRFV�U������KGIV�GHIDXOW�KWPO�

%H�DZDUH�WKDW�VRPH�SURSHUWLHV�KDYH�QR�HIIHFW�ZKHQ�VHW�LQ�WKH�FOLHQW�FRQILJXUDWLRQ��)RU
H[DPSOH��LI�\RX�VHW�mapred.tasktracker.map.tasks.maximum�LQ�\RXU�MRE�VXEPLVVLRQ�ZLWK
WKH�H[SHFWDWLRQ�WKDW�LW�ZRXOG�FKDQJH�WKH�QXPEHU�RI�WDVN�VORWV�IRU�WKH�WDVNWUDFNHUV�UXQ�
QLQJ�\RXU�MRE��\RX�ZRXOG�EH�GLVDSSRLQWHG��EHFDXVH�WKLV�SURSHUW\�LV�KRQRUHG�RQO\�LI�VHW
LQ�WKH�WDVNWUDFNHU¦V�PDSUHG�VLWH�[PO�ILOH��,Q�JHQHUDO��\RX�FDQ�WHOO�WKH�FRPSRQHQW�ZKHUH
D�SURSHUW\�VKRXOG�EH�VHW�E\�LWV�QDPH��VR�WKH�IDFW�WKDW�mapred.tasktracker.map.tasks.max
imum� VWDUWV�ZLWK�mapred.tasktracker� JLYHV�\RX�D� FOXH� WKDW� LW� FDQ�EH� VHW�RQO\� IRU� WKH
WDVNWUDFNHU�GDHPRQ��7KLV�LV�QRW�D�KDUG�DQG�IDVW�UXOH��KRZHYHU��VR�LQ�VRPH�FDVHV�\RX
PD\�QHHG�WR�UHVRUW�WR�WULDO�DQG�HUURU��RU�HYHQ�WR�UHDGLQJ�WKH�VRXUFH�

:H�GLVFXVV�PDQ\�RI�+DGRRS¦V�PRVW�LPSRUWDQW�FRQILJXUDWLRQ�SURSHUWLHV�WKURXJKRXW
WKLV�ERRN�

GenericOptionsParser�DOVR�DOORZV�\RX�WR�VHW�LQGLYLGXDO�SURSHUWLHV��)RU�H[DPSOH�

% hadoop ConfigurationPrinter -D color=yellow | grep color
color=yellow

7KH�-D�RSWLRQ�LV�XVHG�WR�VHW�WKH�FRQILJXUDWLRQ�SURSHUW\�ZLWK�NH\�color� WR�WKH�YDOXH
yellow��2SWLRQV�VSHFLILHG�ZLWK�-D�WDNH�SULRULW\�RYHU�SURSHUWLHV�IURP�WKH�FRQILJXUDWLRQ
ILOHV��7KLV�LV�YHU\�XVHIXO�EHFDXVH�\RX�FDQ�SXW�GHIDXOWV�LQWR�FRQILJXUDWLRQ�ILOHV�DQG�WKHQ
RYHUULGH�WKHP�ZLWK�WKH�-D�RSWLRQ�DV�QHHGHG��$�FRPPRQ�H[DPSOH�RI�WKLV�LV�VHWWLQJ�WKH
QXPEHU� RI� UHGXFHUV� IRU� D�0DS5HGXFH� MRE� YLD� -D mapred.reduce.tasks=n�� 7KLV�ZLOO
RYHUULGH�WKH�QXPEHU�RI�UHGXFHUV�VHW�RQ�WKH�FOXVWHU�RU�VHW�LQ�DQ\�FOLHQW�VLGH�FRQILJXUDWLRQ
ILOHV�

7KH�RWKHU�RSWLRQV�WKDW�GenericOptionsParser�DQG�ToolRunner�VXSSRUW�DUH�OLVWHG�LQ�7D�
EOH������<RX� FDQ� ILQG�PRUH�RQ�+DGRRS¦V� FRQILJXUDWLRQ�$3,� LQ� £7KH�&RQILJXUDWLRQ
$3,¤�RQ�SDJH�����
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'R� QRW� FRQIXVH� VHWWLQJ� +DGRRS� SURSHUWLHV� XVLQJ� WKH
-D property=value� RSWLRQ� WR� GenericOptionsParser� �DQG� ToolRunner�
ZLWK�VHWWLQJ�-90�V\VWHP�SURSHUWLHV�XVLQJ�WKH�-Dproperty=value�RSWLRQ
WR�WKH�java�FRPPDQG��7KH�V\QWD[�IRU�-90�V\VWHP�SURSHUWLHV�GRHV�QRW
DOORZ�DQ\�ZKLWHVSDFH�EHWZHHQ�WKH�D�DQG�WKH�SURSHUW\�QDPH��ZKHUHDV
GenericOptionsParser�GRHV�DOORZ�ZKLWHVSDFH�

-90�V\VWHP�SURSHUWLHV�DUH�UHWULHYHG�IURP�WKH�java.lang.System�FODVV�
ZKHUHDV�+DGRRS�SURSHUWLHV�DUH�DFFHVVLEOH�RQO\�IURP�D�Configuration
REMHFW��6R��WKH�IROORZLQJ�FRPPDQG�ZLOO�SULQW�QRWKLQJ��HYHQ�WKRXJK�WKH
color� V\VWHP� SURSHUW\� KDV� EHHQ� VHW� �YLD� HADOOP_OPTS��� EHFDXVH� WKH�
System�FODVV�LV�QRW�XVHG�E\�ConfigurationPrinter�

% HADOOP_OPTS='-Dcolor=yellow' \
  hadoop ConfigurationPrinter | grep color

,I�\RX�ZDQW�WR�EH�DEOH�WR�VHW�FRQILJXUDWLRQ�WKURXJK�V\VWHP�SURSHUWLHV�
\RX� QHHG� WR� PLUURU� WKH� V\VWHP� SURSHUWLHV� RI� LQWHUHVW� LQ� WKH
FRQILJXUDWLRQ� ILOH��6HH�£9DULDEOH�([SDQVLRQ¤�RQ�SDJH����� IRU� IXUWKHU
GLVFXVVLRQ�

7DEOH������*HQHULF2SWLRQV3DUVHU�DQG�7RRO5XQQHU�RSWLRQV

Option Description

-D property=value Sets the given Hadoop configuration property to the given value. Overrides any default
or site properties in the configuration and any properties set via the -conf option.

-conf filename ... Adds the given files to the list of resources in the configuration. This is a convenient way
to set site properties or to set a number of properties at once.

-fs uri Sets the default filesystem to the given URI. Shortcut for -D fs.default.name=uri

-jt host:port Sets the jobtracker to the given host and port. Shortcut for -D
mapred.job.tracker=host:port

-files file1,file2,... Copies the specified files from the local filesystem (or any filesystem if a scheme is
specified) to the shared filesystem used by the jobtracker (usually HDFS) and makes
them available to MapReduce programs in the task’s working directory. (See “Distributed
Cache” on page 289 for more on the distributed cache mechanism for copying files to
tasktracker machines.)

-archives
archive1,archive2,...

Copies the specified archives from the local filesystem (or any filesystem if a scheme is
specified) to the shared filesystem used by the jobtracker (usually HDFS), unarchives
them, and makes them available to MapReduce programs in the task’s working
directory.

-libjars jar1,jar2,... Copies the specified JAR files from the local filesystem (or any filesystem if a scheme is
specified) to the shared filesystem used by the jobtracker (usually HDFS), and adds them
to the MapReduce task’s classpath. This option is a useful way of shipping JAR files that
a job is dependent on.
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Writing a Unit Test with MRUnit
7KH�PDS�DQG�UHGXFH�IXQFWLRQV�LQ�0DS5HGXFH�DUH�HDV\�WR�WHVW�LQ�LVRODWLRQ��ZKLFK�LV�D
FRQVHTXHQFH�RI�WKHLU�IXQFWLRQDO�VW\OH��058QLW��KWWS���LQFXEDWRU�DSDFKH�RUJ�PUXQLW���LV
D�WHVWLQJ�OLEUDU\�WKDW�PDNHV�LW�HDV\�WR�SDVV�NQRZQ�LQSXWV�WR�D�PDSSHU�RU�D�UHGXFHU�DQG
FKHFN�WKDW�WKH�RXWSXWV�DUH�DV�H[SHFWHG��058QLW�LV�XVHG�LQ�FRQMXQFWLRQ�ZLWK�D�VWDQGDUG
WHVW�H[HFXWLRQ�IUDPHZRUN��VXFK�DV�-8QLW��VR�\RX�FDQ�UXQ�WKH�WHVWV�IRU�0DS5HGXFH�MREV
DV�D�SDUW�RI�\RXU�QRUPDO�GHYHORSPHQW�HQYLURQPHQW��)RU�H[DPSOH��DOO�RI�WKH�WHVWV�GH�
VFULEHG�KHUH�FDQ�EH�UXQ�IURP�ZLWKLQ�DQ�,'(�E\�IROORZLQJ�WKH�LQVWUXFWLRQV�IURP�HDUOLHU
LQ�WKLV�FKDSWHU�LQ�£6HWWLQJ�8S�WKH�'HYHORSPHQW�(QYLURQPHQW¤�RQ�SDJH�����

Mapper
7KH�WHVW�IRU�WKH�PDSSHU�LV�VKRZQ�LQ�([DPSOH�����

([DPSOH������8QLW�WHVW�IRU�0D[7HPSHUDWXUH0DSSHU

import java.io.IOException;
import org.apache.hadoop.io.*;
import org.apache.hadoop.mrunit.mapreduce.MapDriver;
import org.junit.*;

public class MaxTemperatureMapperTest {

  @Test
  public void processesValidRecord() throws IOException, InterruptedException {
    Text value = new Text("0043011990999991950051518004+68750+023550FM-12+0382" +
                                  // Year ^^^^
        "99999V0203201N00261220001CN9999999N9-00111+99999999999");
                              // Temperature ^^^^^
    new MapDriver<LongWritable, Text, Text, IntWritable>()
      .withMapper(new MaxTemperatureMapper())
      .withInputValue(value)
      .withOutput(new Text("1950"), new IntWritable(-11))
      .runTest();
  }
}

7KH�LGHD�RI�WKH�WHVW�LV�YHU\�VLPSOH��SDVV�D�ZHDWKHU�UHFRUG�DV�LQSXW�WR�WKH�PDSSHU��DQG
FKHFN�WKDW�WKH�RXWSXW�LV�WKH�\HDU�DQG�WHPSHUDWXUH�UHDGLQJ�

6LQFH�ZH�DUH�WHVWLQJ�WKH�PDSSHU��ZH�XVH�058QLW¦V�MapDriver��ZKLFK�ZH�FRQILJXUH�ZLWK
WKH�PDSSHU�XQGHU�WHVW��MaxTemperatureMapper���WKH�LQSXW�YDOXH��DQG�WKH�H[SHFWHG�RXW�
SXW�NH\� �D�Text�REMHFW� UHSUHVHQWLQJ� WKH�\HDU��������DQG�H[SHFWHG�RXWSXW�YDOXH� �DQ�
IntWritable� UHSUHVHQWLQJ� WKH� WHPSHUDWXUH�� Û����&��� EHIRUH� ILQDOO\� FDOOLQJ� WKH� runT
est()�PHWKRG�WR�H[HFXWH�WKH�WHVW��,I�WKH�H[SHFWHG�RXWSXW�YDOXHV�DUH�QRW�HPLWWHG�E\�WKH
PDSSHU��058QLW�ZLOO�IDLO�WKH�WHVW��1RWLFH�WKDW�ZH�GLGQ¦W�VHW�WKH�LQSXW�NH\�EHFDXVH�RXU
PDSSHU�LJQRUHV�LW�
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3URFHHGLQJ�LQ�D�WHVW�GULYHQ�IDVKLRQ��ZH�FUHDWH�D�Mapper�LPSOHPHQWDWLRQ�WKDW�SDVVHV�WKH
WHVW��VHH�([DPSOH�������%HFDXVH�ZH�ZLOO�EH�HYROYLQJ�WKH�FODVVHV�LQ�WKLV�FKDSWHU��HDFK�LV
SXW�LQ�D�GLIIHUHQW�SDFNDJH�LQGLFDWLQJ�LWV�YHUVLRQ�IRU�HDVH�RI�H[SRVLWLRQ��)RU�H[DPSOH�
v1.MaxTemperatureMapper�LV�YHUVLRQ���RI�MaxTemperatureMapper��,Q�UHDOLW\��RI�FRXUVH��\RX
ZRXOG�HYROYH�FODVVHV�ZLWKRXW�UHSDFNDJLQJ�WKHP�

([DPSOH������)LUVW�YHUVLRQ�RI�D�0DSSHU�WKDW�SDVVHV�0D[7HPSHUDWXUH0DSSHU7HVW

public class MaxTemperatureMapper
  extends Mapper<LongWritable, Text, Text, IntWritable> {
  
  @Override
  public void map(LongWritable key, Text value, Context context)
      throws IOException, InterruptedException {
    
    String line = value.toString();
    String year = line.substring(15, 19);
    int airTemperature = Integer.parseInt(line.substring(87, 92));
    context.write(new Text(year), new IntWritable(airTemperature));
  }
}

7KLV�LV�D�YHU\�VLPSOH�LPSOHPHQWDWLRQ�WKDW�SXOOV�WKH�\HDU�DQG�WHPSHUDWXUH�ILHOGV�IURP
WKH�OLQH�DQG�ZULWHV�WKHP�WR�WKH�Context��/HW¦V�DGG�D�WHVW�IRU�PLVVLQJ�YDOXHV��ZKLFK�LQ
WKH�UDZ�GDWD�DUH�UHSUHVHQWHG�E\�D�WHPSHUDWXUH�RI�+9999�

  @Test
  public void ignoresMissingTemperatureRecord() throws IOException,
      InterruptedException {
    Text value = new Text("0043011990999991950051518004+68750+023550FM-12+0382" +
                                  // Year ^^^^
        "99999V0203201N00261220001CN9999999N9+99991+99999999999");
                              // Temperature ^^^^^
    new MapDriver<LongWritable, Text, Text, IntWritable>()
      .withMapper(new MaxTemperatureMapper())
      .withInputValue(value)
      .runTest();
  }

$�MapDriver�FDQ�EH�XVHG�WR�FKHFN�IRU�]HUR��RQH��RU�PRUH�RXWSXW�UHFRUGV��DFFRUGLQJ�WR
WKH�QXPEHU�RI�WLPHV�WKDW�withOutput()�LV�FDOOHG��,Q�RXU�DSSOLFDWLRQ��VLQFH�UHFRUGV�ZLWK
PLVVLQJ�WHPSHUDWXUHV�VKRXOG�EH�ILOWHUHG�RXW��WKLV�WHVW�DVVHUWV�WKDW�QR�RXWSXW�LV�SURGXFHG
IRU�WKLV�SDUWLFXODU�LQSXW�YDOXH�

7KH�H[LVWLQJ�WHVW�IDLOV�ZLWK�D�NumberFormatException��DV�parseInt()�FDQQRW�SDUVH�LQWHJHUV
ZLWK�D�OHDGLQJ�SOXV�VLJQ��VR�ZH�IL[�XS�WKH�LPSOHPHQWDWLRQ��YHUVLRQ����WR�KDQGOH�PLVVLQJ
YDOXHV�

  @Override
  public void map(LongWritable key, Text value, Context context)
      throws IOException, InterruptedException {
    
    String line = value.toString();
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    String year = line.substring(15, 19);
    String temp = line.substring(87, 92);
    if (!missing(temp)) {
        int airTemperature = Integer.parseInt(temp);
        context.write(new Text(year), new IntWritable(airTemperature));
    }
  }
  
  private boolean missing(String temp) {
    return temp.equals("+9999");
  }

:LWK�WKH�WHVW�IRU�WKH�PDSSHU�SDVVLQJ��ZH�PRYH�RQ�WR�ZULWLQJ�WKH�UHGXFHU�

Reducer
7KH�UHGXFHU�KDV�WR�ILQG�WKH�PD[LPXP�YDOXH�IRU�D�JLYHQ�NH\��+HUH¦V�D�VLPSOH�WHVW�IRU
WKLV�IHDWXUH��ZKLFK�XVHV�D�ReduceDriver�

  @Test
  public void returnsMaximumIntegerInValues() throws IOException,
      InterruptedException {
    new ReduceDriver<Text, IntWritable, Text, IntWritable>()
      .withReducer(new MaxTemperatureReducer())
      .withInputKey(new Text("1950"))
      .withInputValues(Arrays.asList(new IntWritable(10), new IntWritable(5)))
      .withOutput(new Text("1950"), new IntWritable(10))
      .runTest();
  }

:H� FRQVWUXFW� D� OLVW� RI� VRPH� IntWritable� YDOXHV� DQG� WKHQ� YHULI\� WKDW�
MaxTemperatureReducer�SLFNV�WKH�ODUJHVW��7KH�FRGH�LQ�([DPSOH�����LV�IRU�DQ�LPSOHPHQ�
WDWLRQ�RI�MaxTemperatureReducer�WKDW�SDVVHV�WKH�WHVW�

([DPSOH������5HGXFHU�IRU�WKH�PD[LPXP�WHPSHUDWXUH�H[DPSOH

public class MaxTemperatureReducer
  extends Reducer<Text, IntWritable, Text, IntWritable> {

  @Override
  public void reduce(Text key, Iterable<IntWritable> values,
      Context context)
      throws IOException, InterruptedException {
    
    int maxValue = Integer.MIN_VALUE;
    for (IntWritable value : values) {
      maxValue = Math.max(maxValue, value.get());
    }
    context.write(key, new IntWritable(maxValue));
  }
}
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Running Locally on Test Data
1RZ�WKDW�ZH�KDYH�WKH�PDSSHU�DQG�UHGXFHU�ZRUNLQJ�RQ�FRQWUROOHG�LQSXWV��WKH�QH[W�VWHS
LV�WR�ZULWH�D�MRE�GULYHU�DQG�UXQ�LW�RQ�VRPH�WHVW�GDWD�RQ�D�GHYHORSPHQW�PDFKLQH�

Running a Job in a Local Job Runner
8VLQJ�WKH�Tool�LQWHUIDFH�LQWURGXFHG�HDUOLHU�LQ�WKH�FKDSWHU��LW¦V�HDV\�WR�ZULWH�D�GULYHU�WR
UXQ� RXU� 0DS5HGXFH� MRE� IRU� ILQGLQJ� WKH� PD[LPXP� WHPSHUDWXUH� E\� \HDU� �VHH�
MaxTemperatureDriver�LQ�([DPSOH������

([DPSOH������$SSOLFDWLRQ�WR�ILQG�WKH�PD[LPXP�WHPSHUDWXUH

public class MaxTemperatureDriver extends Configured implements Tool {

  @Override
  public int run(String[] args) throws Exception {
    if (args.length != 2) {
      System.err.printf("Usage: %s [generic options] <input> <output>\n",
          getClass().getSimpleName());
      ToolRunner.printGenericCommandUsage(System.err);
      return -1;
    }
    
    Job job = new Job(getConf(), "Max temperature");
    job.setJarByClass(getClass());

    FileInputFormat.addInputPath(job, new Path(args[0]));
    FileOutputFormat.setOutputPath(job, new Path(args[1]));
    
    job.setMapperClass(MaxTemperatureMapper.class);
    job.setCombinerClass(MaxTemperatureReducer.class);
    job.setReducerClass(MaxTemperatureReducer.class);

    job.setOutputKeyClass(Text.class);
    job.setOutputValueClass(IntWritable.class);
    
    return job.waitForCompletion(true) ? 0 : 1;
  }
  
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(new MaxTemperatureDriver(), args);
    System.exit(exitCode);
  }
}

MaxTemperatureDriver�LPSOHPHQWV�WKH�Tool�LQWHUIDFH��VR�ZH�JHW�WKH�EHQHILW�RI�EHLQJ�DEOH
WR�VHW�WKH�RSWLRQV�WKDW�GenericOptionsParser�VXSSRUWV��7KH�run()�PHWKRG�FRQVWUXFWV�D�
Job�REMHFW�EDVHG�RQ�WKH�WRRO¦V�FRQILJXUDWLRQ��ZKLFK�LW�XVHV�WR�ODXQFK�D�MRE��$PRQJ�WKH
SRVVLEOH�MRE�FRQILJXUDWLRQ�SDUDPHWHUV��ZH�VHW�WKH�LQSXW�DQG�RXWSXW�ILOH�SDWKV��WKH�PDS�
SHU��UHGXFHU��DQG�FRPELQHU�FODVVHV��DQG�WKH�RXWSXW�W\SHV��WKH�LQSXW�W\SHV�DUH�GHWHU�
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PLQHG�E\�WKH�LQSXW�IRUPDW��ZKLFK�GHIDXOWV�WR�TextInputFormat�DQG�KDV�LongWritable
NH\V�DQG�Text�YDOXHV���,W¦V�DOVR�D�JRRG�LGHD�WR�VHW�D�QDPH�IRU�WKH�MRE��Max temperature�
VR�WKDW�\RX�FDQ�SLFN�LW�RXW�LQ�WKH�MRE�OLVW�GXULQJ�H[HFXWLRQ�DQG�DIWHU�LW�KDV�FRPSOHWHG�
%\�GHIDXOW��WKH�QDPH�LV�WKH�QDPH�RI�WKH�-$5�ILOH��ZKLFK�QRUPDOO\�LV�QRW�SDUWLFXODUO\
GHVFULSWLYH�

1RZ�ZH�FDQ�UXQ�WKLV�DSSOLFDWLRQ�DJDLQVW�VRPH�ORFDO�ILOHV��+DGRRS�FRPHV�ZLWK�D�ORFDO
MRE�UXQQHU��D�FXW�GRZQ�YHUVLRQ�RI�WKH�0DS5HGXFH�H[HFXWLRQ�HQJLQH�IRU�UXQQLQJ�0DS�
5HGXFH�MREV�LQ�D�VLQJOH�-90��,W¦V�GHVLJQHG�IRU�WHVWLQJ�DQG�LV�YHU\�FRQYHQLHQW�IRU�XVH�LQ
DQ�,'(��VLQFH�\RX�FDQ�UXQ�LW�LQ�D�GHEXJJHU�WR�VWHS�WKURXJK�WKH�FRGH�LQ�\RXU�PDSSHU�DQG
UHGXFHU�

7KH�ORFDO�MRE�UXQQHU�LV�GHVLJQHG�RQO\�IRU�VLPSOH�WHVWLQJ�RI�0DS5HGXFH
SURJUDPV��VR�LQHYLWDEO\�LW�GLIIHUV�IURP�WKH�IXOO�0DS5HGXFH�LPSOHPHQ�
WDWLRQ��7KH�ELJJHVW�GLIIHUHQFH�LV�WKDW�LW�FDQ¦W�UXQ�PRUH�WKDQ�RQH�UHGXFHU�
�,W�FDQ�VXSSRUW�WKH�]HUR�UHGXFHU�FDVH��WRR���1RUPDOO\��WKLV�LV�QRW�D�SURE�
OHP��DV�PRVW�DSSOLFDWLRQV�FDQ�ZRUN�ZLWK�RQH�UHGXFHU��DOWKRXJK�RQ�D
FOXVWHU�\RX�ZRXOG�FKRRVH�D�ODUJHU�QXPEHU�WR�WDNH�DGYDQWDJH�RI�SDUDO�
OHOLVP��7KH�WKLQJ�WR�ZDWFK�RXW�IRU�LV�WKDW�HYHQ�LI�\RX�VHW�WKH�QXPEHU�RI
UHGXFHUV�WR�D�YDOXH�RYHU�RQH��WKH�ORFDO�UXQQHU�ZLOO�VLOHQWO\� LJQRUH�WKH
VHWWLQJ�DQG�XVH�D�VLQJOH�UHGXFHU�

7KLV�OLPLWDWLRQ�PD\�EH�UHPRYHG�LQ�D�IXWXUH�YHUVLRQ�RI�+DGRRS�

7KH� ORFDO� MRE� UXQQHU� LV� HQDEOHG� E\� D� FRQILJXUDWLRQ� VHWWLQJ�� 1RUPDOO\��
mapred.job.tracker�LV�D�host:port�SDLU�WR�VSHFLI\�WKH�DGGUHVV�RI�WKH�MREWUDFNHU��EXW�ZKHQ
LW�KDV�WKH�VSHFLDO�YDOXH�RI�local��ZKLFK�LV�DFWXDOO\�WKH�GHIDXOW���WKH�MRE�LV�UXQ�LQ�SURFHVV
ZLWKRXW�DFFHVVLQJ�DQ�H[WHUQDO�MREWUDFNHU�

,Q�0DS5HGXFH����FRYHUHG�LQ�£<$51��0DS5HGXFH���¤�RQ�SDJH�������WKH�HTXLYDOHQW
VHWWLQJ�LV�mapreduce.framework.name��ZKLFK�PXVW�EH�VHW�WR�local��DJDLQ�WKH�GHIDXOW��

)URP�WKH�FRPPDQG�OLQH��ZH�FDQ�UXQ�WKH�GULYHU�E\�W\SLQJ�

% mvn compile
% export HADOOP_CLASSPATH=target/classes/
% hadoop v2.MaxTemperatureDriver -conf conf/hadoop-local.xml \
  input/ncdc/micro output

(TXLYDOHQWO\��ZH�FRXOG�XVH�WKH�-fs�DQG�-jt�RSWLRQV�SURYLGHG�E\�GenericOptionsParser�

% hadoop v2.MaxTemperatureDriver -fs file:/// -jt local input/ncdc/micro output

7KLV�FRPPDQG�H[HFXWHV�MaxTemperatureDriver�XVLQJ�LQSXW�IURP�WKH�ORFDO�LQSXW�QFGF�
PLFUR�GLUHFWRU\��SURGXFLQJ�RXWSXW� LQ�WKH� ORFDO�RXWSXW�GLUHFWRU\��1RWH�WKDW�DOWKRXJK
ZH¦YH�VHW�-fs�VR�ZH�XVH�WKH�ORFDO�ILOHV\VWHP��file:///���WKH�ORFDO�MRE�UXQQHU�ZLOO�DFWXDOO\
ZRUN�ILQH�DJDLQVW�DQ\�ILOHV\VWHP��LQFOXGLQJ�+')6��DQG�LW�FDQ�EH�KDQG\�WR�GR�WKLV�LI�\RX
KDYH�D�IHZ�ILOHV�WKDW�DUH�RQ�+')6��

:KHQ�ZH�UXQ�WKH�SURJUDP��LW�IDLOV�DQG�SULQWV�WKH�IROORZLQJ�H[FHSWLRQ�
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java.lang.NumberFormatException: For input string: "+0000"

Fixing the mapper
7KLV�H[FHSWLRQ�VKRZV�WKDW�WKH�PDS�PHWKRG�VWLOO�FDQ¦W�SDUVH�SRVLWLYH�WHPSHUDWXUHV���,I
WKH�VWDFN�WUDFH�KDGQ¦W�JLYHQ�XV�HQRXJK�LQIRUPDWLRQ�WR�GLDJQRVH�WKH�IDXOW��ZH�FRXOG�UXQ
WKH�WHVW�LQ�D�ORFDO�GHEXJJHU��VLQFH�LW�UXQV�LQ�D�VLQJOH�-90���(DUOLHU��ZH�PDGH�LW�KDQGOH
WKH�VSHFLDO�FDVH�RI�D�PLVVLQJ�WHPSHUDWXUH��+9999��EXW�QRW�WKH�JHQHUDO�FDVH�RI�DQ\�SRVLWLYH
WHPSHUDWXUH��:LWK�PRUH�ORJLF�JRLQJ�LQWR�WKH�PDSSHU��LW�PDNHV�VHQVH�WR�IDFWRU�RXW�D
SDUVHU�FODVV�WR�HQFDSVXODWH�WKH�SDUVLQJ�ORJLF��VHH�([DPSOH������QRZ�RQ�YHUVLRQ����

([DPSOH������$�FODVV�IRU�SDUVLQJ�ZHDWKHU�UHFRUGV�LQ�1&'&�IRUPDW

public class NcdcRecordParser {
  
  private static final int MISSING_TEMPERATURE = 9999;
  
  private String year;
  private int airTemperature;
  private String quality;
  
  public void parse(String record) {
    year = record.substring(15, 19);
    String airTemperatureString;
    // Remove leading plus sign as parseInt doesn't like them
    if (record.charAt(87) == '+') { 
      airTemperatureString = record.substring(88, 92);
    } else {
      airTemperatureString = record.substring(87, 92);
    }
    airTemperature = Integer.parseInt(airTemperatureString);
    quality = record.substring(92, 93);
  }
  
  public void parse(Text record) {
    parse(record.toString());
  }

  public boolean isValidTemperature() {
    return airTemperature != MISSING_TEMPERATURE && quality.matches("[01459]");
  }
  
  public String getYear() {
    return year;
  }

  public int getAirTemperature() {
    return airTemperature;
  }
}

7KH�UHVXOWLQJ�PDSSHU�LV�PXFK�VLPSOHU��VHH�([DPSOH��������,W� MXVW�FDOOV�WKH�SDUVHU¦V�
parse()�PHWKRG��ZKLFK�SDUVHV�WKH�ILHOGV�RI�LQWHUHVW�IURP�D�OLQH�RI�LQSXW��FKHFNV�ZKHWKHU
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D�YDOLG�WHPSHUDWXUH�ZDV�IRXQG�XVLQJ�WKH�isValidTemperature()�TXHU\�PHWKRG��DQG�LI�LW
ZDV��UHWULHYHV�WKH�\HDU�DQG�WKH�WHPSHUDWXUH�XVLQJ�WKH�JHWWHU�PHWKRGV�RQ�WKH�SDUVHU�
1RWLFH�WKDW�ZH�DOVR�FKHFN�WKH�TXDOLW\�VWDWXV�ILHOG�DV�ZHOO�DV�PLVVLQJ�WHPSHUDWXUHV�LQ�
isValidTemperature()�WR�ILOWHU�RXW�SRRU�WHPSHUDWXUH�UHDGLQJV�

$QRWKHU�EHQHILW�RI�FUHDWLQJ�D�SDUVHU�FODVV�LV�WKDW�LW�PDNHV�LW�HDV\�WR�ZULWH�UHODWHG�PDSSHUV
IRU�VLPLODU�MREV�ZLWKRXW�GXSOLFDWLQJ�FRGH��,W�DOVR�JLYHV�XV�WKH�RSSRUWXQLW\�WR�ZULWH�XQLW
WHVWV�GLUHFWO\�DJDLQVW�WKH�SDUVHU��IRU�PRUH�WDUJHWHG�WHVWLQJ�

([DPSOH�������$�0DSSHU�WKDW�XVHV�D�XWLOLW\�FODVV�WR�SDUVH�UHFRUGV

public class MaxTemperatureMapper
  extends Mapper<LongWritable, Text, Text, IntWritable> {
  
  private NcdcRecordParser parser = new NcdcRecordParser();
  
  @Override
  public void map(LongWritable key, Text value, Context context)
      throws IOException, InterruptedException {
    
    parser.parse(value);
    if (parser.isValidTemperature()) {
      context.write(new Text(parser.getYear()),
          new IntWritable(parser.getAirTemperature()));
    }
  }
}

:LWK�WKHVH�FKDQJHV��WKH�WHVW�SDVVHV�

Testing the Driver
$SDUW�IURP�WKH�IOH[LEOH�FRQILJXUDWLRQ�RSWLRQV�RIIHUHG�E\�PDNLQJ�\RXU�DSSOLFDWLRQ�LP�
SOHPHQW�Tool��\RX�DOVR�PDNH�LW�PRUH�WHVWDEOH�EHFDXVH�LW�DOORZV�\RX�WR�LQMHFW�DQ�DUELWUDU\�
Configuration��<RX�FDQ�WDNH�DGYDQWDJH�RI�WKLV�WR�ZULWH�D�WHVW�WKDW�XVHV�D�ORFDO�MRE�UXQQHU
WR�UXQ�D�MRE�DJDLQVW�NQRZQ�LQSXW�GDWD��ZKLFK�FKHFNV�WKDW�WKH�RXWSXW�LV�DV�H[SHFWHG�

7KHUH�DUH�WZR�DSSURDFKHV�WR�GRLQJ�WKLV��7KH�ILUVW�LV�WR�XVH�WKH�ORFDO�MRE�UXQQHU�DQG�UXQ
WKH�MRE�DJDLQVW�D�WHVW�ILOH�RQ�WKH�ORFDO�ILOHV\VWHP��7KH�FRGH�LQ�([DPSOH������JLYHV�DQ
LGHD�RI�KRZ�WR�GR�WKLV�

([DPSOH�������$�WHVW�IRU�0D[7HPSHUDWXUH'ULYHU�WKDW�XVHV�D�ORFDO��LQ�SURFHVV�MRE�UXQQHU

  @Test
  public void test() throws Exception {
    Configuration conf = new Configuration();
    conf.set("fs.default.name", "file:///");
    conf.set("mapred.job.tracker", "local");
    
    Path input = new Path("input/ncdc/micro");
    Path output = new Path("output");
    

160 | Chapter 5:ಗDeveloping a MapReduce Application



    FileSystem fs = FileSystem.getLocal(conf);
    fs.delete(output, true); // delete old output
    
    MaxTemperatureDriver driver = new MaxTemperatureDriver();
    driver.setConf(conf);
    
    int exitCode = driver.run(new String[] {
        input.toString(), output.toString() });
    assertThat(exitCode, is(0));
    
    checkOutput(conf, output);
  }

7KH� WHVW�H[SOLFLWO\� VHWV�fs.default.name� DQG�mapred.job.tracker� VR� LW�XVHV� WKH� ORFDO
ILOHV\VWHP�DQG�WKH�ORFDO�MRE�UXQQHU��,W�WKHQ�UXQV�WKH�MaxTemperatureDriver�YLD�LWV�Tool
LQWHUIDFH�DJDLQVW�D�VPDOO�DPRXQW�RI�NQRZQ�GDWD��$W�WKH�HQG�RI�WKH�WHVW��WKH�checkOut
put()�PHWKRG�LV�FDOOHG�WR�FRPSDUH�WKH�DFWXDO�RXWSXW�ZLWK�WKH�H[SHFWHG�RXWSXW��OLQH�E\
OLQH�

7KH�VHFRQG�ZD\�RI�WHVWLQJ�WKH�GULYHU�LV�WR�UXQ�LW�XVLQJ�D�£PLQL�¤�FOXVWHU��+DGRRS�KDV�D
VHW�RI�WHVWLQJ�FODVVHV��FDOOHG�MiniDFSCluster��MiniMRCluster��DQG�MiniYARNCluster��WKDW
SURYLGH�D�SURJUDPPDWLF�ZD\�RI�FUHDWLQJ�LQ�SURFHVV�FOXVWHUV��8QOLNH�WKH�ORFDO�MRE�UXQQHU�
WKHVH�DOORZ�WHVWLQJ�DJDLQVW�WKH�IXOO�+')6�DQG�0DS5HGXFH�PDFKLQHU\��%HDU�LQ�PLQG�
WRR��WKDW�WDVNWUDFNHUV�LQ�D�PLQL�FOXVWHU�ODXQFK�VHSDUDWH�-90V�WR�UXQ�WDVNV�LQ��ZKLFK�FDQ
PDNH�GHEXJJLQJ�PRUH�GLIILFXOW�

0LQL�FOXVWHUV�DUH�XVHG�H[WHQVLYHO\�LQ�+DGRRS¦V�RZQ�DXWRPDWHG�WHVW�VXLWH��EXW�WKH\�FDQ
EH�XVHG�IRU�WHVWLQJ�XVHU�FRGH��WRR��+DGRRS¦V�ClusterMapReduceTestCase�DEVWUDFW�FODVV
SURYLGHV�D�XVHIXO�EDVH�IRU�ZULWLQJ�VXFK�D�WHVW��KDQGOHV�WKH�GHWDLOV�RI�VWDUWLQJ�DQG�VWRSSLQJ
WKH�LQ�SURFHVV�+')6�DQG�0DS5HGXFH�FOXVWHUV�LQ�LWV�setUp()�DQG�tearDown()�PHWKRGV�
DQG�JHQHUDWHV�D�VXLWDEOH�FRQILJXUDWLRQ�REMHFW�WKDW�LV�VHW�XS�WR�ZRUN�ZLWK�WKHP��6XE�
FODVVHV�QHHG�RQO\�SRSXODWH�GDWD�LQ�+')6��SHUKDSV�E\�FRS\LQJ�IURP�D�ORFDO�ILOH���UXQ�D
0DS5HGXFH�MRE��DQG�FRQILUP�WKH�RXWSXW�LV�DV�H[SHFWHG��5HIHU�WR�WKH�MaxTemperature
DriverMiniTest�FODVV�LQ�WKH�H[DPSOH�FRGH�WKDW�FRPHV�ZLWK�WKLV�ERRN�IRU�WKH�OLVWLQJ�

7HVWV�OLNH�WKLV�VHUYH�DV�UHJUHVVLRQ�WHVWV��DQG�DUH�D�XVHIXO�UHSRVLWRU\�RI�LQSXW�HGJH�FDVHV
DQG�WKHLU�H[SHFWHG�UHVXOWV��$V�\RX�HQFRXQWHU�PRUH�WHVW�FDVHV��\RX�FDQ�VLPSO\�DGG�WKHP
WR�WKH�LQSXW�ILOH�DQG�XSGDWH�WKH�ILOH�RI�H[SHFWHG�RXWSXW�DFFRUGLQJO\�

Running on a Cluster
1RZ�WKDW�ZH�DUH�KDSS\�ZLWK�WKH�SURJUDP�UXQQLQJ�RQ�D�VPDOO�WHVW�GDWDVHW��ZH�DUH�UHDG\
WR�WU\�LW�RQ�WKH�IXOO�GDWDVHW�RQ�D�+DGRRS�FOXVWHU��&KDSWHU���FRYHUV�KRZ�WR�VHW�XS�D�IXOO\
GLVWULEXWHG� FOXVWHU�� DOWKRXJK� \RX� FDQ� DOVR�ZRUN� WKURXJK� WKLV� VHFWLRQ� RQ� D� SVHXGR�
GLVWULEXWHG�FOXVWHU�
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Packaging a Job
7KH�ORFDO�MRE�UXQQHU�XVHV�D�VLQJOH�-90�WR�UXQ�D�MRE��VR�DV�ORQJ�DV�DOO�WKH�FODVVHV�WKDW
\RXU�MRE�QHHGV�DUH�RQ�LWV�FODVVSDWK��WKHQ�WKLQJV�ZLOO�MXVW�ZRUN�

,Q�D�GLVWULEXWHG�VHWWLQJ��WKLQJV�DUH�D�OLWWOH�PRUH�FRPSOH[��)RU�D�VWDUW��D�MRE¦V�FODVVHV�PXVW
EH�SDFNDJHG�LQWR�D�MRE�-$5�ILOH�WR�VHQG�WR�WKH�FOXVWHU��+DGRRS�ZLOO�ILQG�WKH�MRE�-$5
DXWRPDWLFDOO\�E\�VHDUFKLQJ�IRU�WKH�-$5�RQ�WKH�GULYHU¦V�FODVVSDWK�WKDW�FRQWDLQV�WKH�FODVV
VHW�LQ�WKH�setJarByClass()�PHWKRG��RQ�JobConf�RU�Job���$OWHUQDWLYHO\��LI�\RX�ZDQW�WR�VHW
DQ�H[SOLFLW�-$5�ILOH�E\�LWV�ILOH�SDWK��\RX�FDQ�XVH�WKH�setJar()�PHWKRG�

&UHDWLQJ�D�MRE�-$5�ILOH�LV�FRQYHQLHQWO\�DFKLHYHG�XVLQJ�D�EXLOG�WRRO�VXFK�DV�$QW�RU�0DYHQ�
7KH� IROORZLQJ�0DYHQ�FRPPDQG�� IRU� H[DPSOH��ZLOO� FUHDWH�D� -$5� ILOH� FDOOHG�KDGRRS�
H[DPSOHV�MDU�LQ�WKH�SURMHFW�GLUHFWRU\�FRQWDLQLQJ�DOO�RI�WKH�FRPSLOHG�FODVVHV�

% mvn package -DskipTests

,I�\RX�KDYH�D�VLQJOH�MRE�SHU�-$5��\RX�FDQ�VSHFLI\�WKH�PDLQ�FODVV�WR�UXQ�LQ�WKH�-$5�ILOH¦V
PDQLIHVW��,I�WKH�PDLQ�FODVV�LV�QRW�LQ�WKH�PDQLIHVW��LW�PXVW�EH�VSHFLILHG�RQ�WKH�FRPPDQG
OLQH��DV�ZH�ZLOO�VHH�VKRUWO\�ZKHQ�ZH�UXQ�WKH�MRE��

$Q\�GHSHQGHQW� -$5� ILOHV�FDQ�EH�SDFNDJHG� LQ�D� OLE� VXEGLUHFWRU\� LQ� WKH� MRE� -$5� ILOH�
DOWKRXJK�WKHUH�DUH�RWKHU�ZD\V�WR�LQFOXGH�GHSHQGHQFLHV��GLVFXVVHG�ODWHU��6LPLODUO\��UH�
VRXUFH�ILOHV�FDQ�EH�SDFNDJHG�LQ�D�FODVVHV�VXEGLUHFWRU\���7KLV�LV�DQDORJRXV�WR�D�-DYD�:HE
DSSOLFDWLRQ�DUFKLYH��RU�:$5�ILOH��H[FHSW�LQ�WKDW�FDVH�WKH�-$5�ILOHV�JR�LQ�D�:(%�,1)�
OLE�VXEGLUHFWRU\�DQG�FODVVHV�JR�LQ�D�:(%�,1)�FODVVHV�VXEGLUHFWRU\�LQ�WKH�:$5�ILOH��

The client classpath
7KH�XVHU¦V�FOLHQW�VLGH�FODVVSDWK�VHW�E\�hadoop jar <jar>�LV�PDGH�XS�RI�

� 7KH�MRE�-$5�ILOH

� $Q\�-$5�ILOHV�LQ�WKH�OLE�GLUHFWRU\�RI�WKH�MRE�-$5�ILOH��DQG�WKH�FODVVHV�GLUHFWRU\��LI
SUHVHQW�

� 7KH�FODVVSDWK�GHILQHG�E\�HADOOP_CLASSPATH��LI�VHW

,QFLGHQWDOO\��WKLV�H[SODLQV�ZK\�\RX�KDYH�WR�VHW�HADOOP_CLASSPATH�WR�SRLQW�WR�GHSHQGHQW
FODVVHV�DQG�OLEUDULHV�LI�\RX�DUH�UXQQLQJ�XVLQJ�WKH�ORFDO�MRE�UXQQHU�ZLWKRXW�D�MRE�-$5
�hadoop CLASSNAME��

The task classpath
2Q�D�FOXVWHU��DQG�WKLV�LQFOXGHV�SVHXGRGLVWULEXWHG�PRGH���PDS�DQG�UHGXFH�WDVNV�UXQ�LQ
VHSDUDWH� -90V�� DQG� WKHLU� FODVVSDWKV� DUH� QRW� FRQWUROOHG� E\� HADOOP_CLASSPATH��
HADOOP_CLASSPATH�LV�D�FOLHQW�VLGH�VHWWLQJ�DQG�RQO\�VHWV�WKH�FODVVSDWK�IRU�WKH�GULYHU�-90�
ZKLFK�VXEPLWV�WKH�MRE�
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,QVWHDG��WKH�XVHU¦V�WDVN�FODVVSDWK�LV�FRPSULVHG�RI�WKH�IROORZLQJ�

� 7KH�MRE�-$5�ILOH

� $Q\�-$5�ILOHV�FRQWDLQHG� LQ� WKH� OLE�GLUHFWRU\�RI� WKH� MRE�-$5�ILOH��DQG� WKH�FODVVHV
GLUHFWRU\��LI�SUHVHQW�

� $Q\� ILOHV� DGGHG� WR� WKH� GLVWULEXWHG� FDFKH�� XVLQJ� WKH� -libjars� RSWLRQ� �VHH� 7D�
EOH�������RU�WKH�addFileToClassPath()�PHWKRG�RQ�DistributedCache��ROG�$3,���RU�
Job��QHZ�$3,�

Packaging dependencies
*LYHQ�WKHVH�GLIIHUHQW�ZD\V�RI�FRQWUROOLQJ�ZKDW�LV�RQ�WKH�FOLHQW�DQG�WDVN�FODVVSDWKV��WKHUH
DUH�FRUUHVSRQGLQJ�RSWLRQV�IRU�LQFOXGLQJ�OLEUDU\�GHSHQGHQFLHV�IRU�D�MRE�

� 8QSDFN�WKH�OLEUDULHV�DQG�UHSDFNDJH�WKHP�LQ�WKH�MRE�-$5�

� 3DFNDJH�WKH�OLEUDULHV�LQ�WKH�OLE�GLUHFWRU\�RI�WKH�MRE�-$5�

� .HHS�WKH�OLEUDULHV�VHSDUDWH�IURP�WKH�MRE�-$5��DQG�DGG�WKHP�WR�WKH�FOLHQW�FODVVSDWK
YLD�HADOOP_CLASSPATH�DQG�WR�WKH�WDVN�FODVVSDWK�YLD�-libjars�

7KH� ODVW�RSWLRQ��XVLQJ�WKH�GLVWULEXWHG�FDFKH�� LV�VLPSOHVW� IURP�D�EXLOG�SRLQW�RI�YLHZ
EHFDXVH�GHSHQGHQFLHV�GRQ¦W�QHHG�UHEXQGOLQJ�LQ�WKH�MRE�-$5��$OVR��WKH�GLVWULEXWHG�FDFKH
FDQ�PHDQ�IHZHU�WUDQVIHUV�RI�-$5�ILOHV�DURXQG�WKH�FOXVWHU��VLQFH�ILOHV�PD\�EH�FDFKHG�RQ
D�QRGH�EHWZHHQ�WDVNV���<RX�FDQ�UHDG�PRUH�DERXW�WKH�GLVWULEXWHG�FDFKH�RQ�SDJH������

Task classpath precedence
8VHU�-$5�ILOHV�DUH�DGGHG�WR�WKH�HQG�RI�ERWK�WKH�FOLHQW�FODVVSDWK�DQG�WKH�WDVN�FODVVSDWK�
ZKLFK�LQ�VRPH�FDVHV�FDQ�FDXVH�D�GHSHQGHQF\�FRQIOLFW�ZLWK�+DGRRS¦V�EXLOW�LQ�OLEUDULHV
LI�+DGRRS�XVHV�D�GLIIHUHQW��LQFRPSDWLEOH�YHUVLRQ�RI�D�OLEUDU\�WKDW�\RXU�FRGH�XVHV��6RPH�
WLPHV�\RX�QHHG�WR�EH�DEOH�WR�FRQWURO�WKH�WDVN�FODVVSDWK�RUGHU�VR�WKDW�\RXU�FODVVHV�DUH
SLFNHG�XS�ILUVW��2Q�WKH�FOLHQW�VLGH��\RX�FDQ�IRUFH�+DGRRS�WR�SXW�WKH�XVHU�FODVVSDWK�ILUVW
LQ�WKH�VHDUFK�RUGHU�E\�VHWWLQJ�WKH�HADOOP_USER_CLASSPATH_FIRST�HQYLURQPHQW�YDULDEOH
WR�true��)RU�WKH�WDVN�FODVVSDWK��\RX�FDQ�VHW�mapreduce.task.classpath.first�WR�true�
1RWH�WKDW�E\�VHWWLQJ�WKHVH�RSWLRQV�\RX�FKDQJH�WKH�FODVV�ORDGLQJ�IRU�+DGRRS�IUDPHZRUN
GHSHQGHQFLHV��EXW�RQO\�LQ�\RXU�MRE���ZKLFK�FRXOG�SRWHQWLDOO\�FDXVH�WKH�MRE�VXEPLVVLRQ
RU�WDVN�WR�IDLO��VR�XVH�WKHVH�RSWLRQV�ZLWK�FDXWLRQ�

Launching a Job
7R�ODXQFK�WKH�MRE��ZH�QHHG�WR�UXQ�WKH�GULYHU��VSHFLI\LQJ�WKH�FOXVWHU�WKDW�ZH�ZDQW�WR�UXQ
WKH�MRE�RQ�ZLWK�WKH�-conf�RSWLRQ��ZH�HTXDOO\�FRXOG�KDYH�XVHG�WKH�-fs�DQG�-jt�RSWLRQV��

% unset HADOOP_CLASSPATH
% hadoop jar hadoop-examples.jar v3.MaxTemperatureDriver \
  -conf conf/hadoop-cluster.xml input/ncdc/all max-temp
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:H�XQVHW�WKH�HADOOP_CLASSPATH�HQYLURQPHQW�YDULDEOH�EHFDXVH�ZH�GRQ¦W
KDYH� DQ\� WKLUG�SDUW\� GHSHQGHQFLHV� IRU� WKLV� MRE�� ,I� LW� ZHUH� OHIW� VHW� WR
target/classes/��IURP�HDUOLHU�LQ�WKH�FKDSWHU���+DGRRS�ZRXOGQ¦W�EH�DEOH
WR� ILQG� WKH� MRE� -$5� LI� LW� ORDGHG� WKH�MaxTemperatureDriver� FODVV� IURP
WDUJHW�FODVVHV�UDWKHU�WKDQ�WKH�-$5��DQG�WKH�MRE�ZRXOG�IDLO�

7KH�waitForCompletion()�PHWKRG�RQ�Job�ODXQFKHV�WKH�MRE�DQG�SROOV�IRU�SURJUHVV��ZULW�
LQJ�D�OLQH�VXPPDUL]LQJ�WKH�PDS�DQG�UHGXFH¦V�SURJUHVV�ZKHQHYHU�HLWKHU�FKDQJHV��+HUH¦V
WKH�RXWSXW��VRPH�OLQHV�KDYH�EHHQ�UHPRYHG�IRU�FODULW\��

09/04/11 08:15:52 INFO mapred.FileInputFormat: Total input paths to process : 101
09/04/11 08:15:53 INFO mapred.JobClient: Running job: job_200904110811_0002
09/04/11 08:15:54 INFO mapred.JobClient:  map 0% reduce 0%
09/04/11 08:16:06 INFO mapred.JobClient:  map 28% reduce 0%
09/04/11 08:16:07 INFO mapred.JobClient:  map 30% reduce 0%
...
09/04/11 08:21:36 INFO mapred.JobClient:  map 100% reduce 100%
09/04/11 08:21:38 INFO mapred.JobClient: Job complete: job_200904110811_0002
09/04/11 08:21:38 INFO mapred.JobClient: Counters: 19
09/04/11 08:21:38 INFO mapred.JobClient:   Job Counters 
09/04/11 08:21:38 INFO mapred.JobClient:     Launched reduce tasks=32
09/04/11 08:21:38 INFO mapred.JobClient:     Rack-local map tasks=82
09/04/11 08:21:38 INFO mapred.JobClient:     Launched map tasks=127
09/04/11 08:21:38 INFO mapred.JobClient:     Data-local map tasks=45
09/04/11 08:21:38 INFO mapred.JobClient:   FileSystemCounters
09/04/11 08:21:38 INFO mapred.JobClient:     FILE_BYTES_READ=12667214
09/04/11 08:21:38 INFO mapred.JobClient:     HDFS_BYTES_READ=33485841275
09/04/11 08:21:38 INFO mapred.JobClient:     FILE_BYTES_WRITTEN=989397
09/04/11 08:21:38 INFO mapred.JobClient:     HDFS_BYTES_WRITTEN=904
09/04/11 08:21:38 INFO mapred.JobClient:   Map-Reduce Framework
09/04/11 08:21:38 INFO mapred.JobClient:     Reduce input groups=100
09/04/11 08:21:38 INFO mapred.JobClient:     Combine output records=4489
09/04/11 08:21:38 INFO mapred.JobClient:     Map input records=1209901509
09/04/11 08:21:38 INFO mapred.JobClient:     Reduce shuffle bytes=19140
09/04/11 08:21:38 INFO mapred.JobClient:     Reduce output records=100
09/04/11 08:21:38 INFO mapred.JobClient:     Spilled Records=9481
09/04/11 08:21:38 INFO mapred.JobClient:     Map output bytes=10282306995
09/04/11 08:21:38 INFO mapred.JobClient:     Map input bytes=274600205558
09/04/11 08:21:38 INFO mapred.JobClient:     Combine input records=1142482941
09/04/11 08:21:38 INFO mapred.JobClient:     Map output records=1142478555
09/04/11 08:21:38 INFO mapred.JobClient:     Reduce input records=103

7KH�RXWSXW�LQFOXGHV�PRUH�XVHIXO�LQIRUPDWLRQ��%HIRUH�WKH�MRE�VWDUWV��LWV�,'�LV�SULQWHG�
WKLV�LV�QHHGHG�ZKHQHYHU�\RX�ZDQW�WR�UHIHU�WR�WKH�MRE¢LQ�ORJILOHV��IRU�H[DPSOH¢RU�ZKHQ
LQWHUURJDWLQJ�LW�YLD�WKH�hadoop job�FRPPDQG��:KHQ�WKH�MRE�LV�FRPSOHWH��LWV�VWDWLVWLFV
�NQRZQ�DV�FRXQWHUV��DUH�SULQWHG�RXW��7KHVH�DUH�YHU\�XVHIXO�IRU�FRQILUPLQJ�WKDW�WKH�MRE
GLG�ZKDW�\RX�H[SHFWHG��)RU�H[DPSOH��IRU�WKLV�MRE�ZH�FDQ�VHH�WKDW�DURXQG�����*%�RI
LQSXW�GDWD�ZDV�DQDO\]HG��Map input bytes���UHDG�IURP�DURXQG����*%�RI�FRPSUHVVHG
ILOHV�RQ�+')6��HDFS_BYTES_READ���7KH�LQSXW�ZDV�EURNHQ�LQWR�����J]LSSHG�ILOHV�RI�UHD�
VRQDEOH�VL]H��VR�WKHUH�ZDV�QR�SUREOHP�ZLWK�QRW�EHLQJ�DEOH�WR�VSOLW�WKHP�
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Job, Task, and Task Attempt IDs
7KH�IRUPDW�RI�D�MRE�,'�LV�FRPSRVHG�RI�WKH�WLPH�WKDW�WKH�MREWUDFNHU��QRW�WKH�MRE��VWDUWHG
DQG�DQ�LQFUHPHQWLQJ�FRXQWHU�PDLQWDLQHG�E\�WKH�MREWUDFNHU�WR�XQLTXHO\�LGHQWLI\�WKH�MRE
WR�WKDW�LQVWDQFH�RI�WKH�MREWUDFNHU��6R�WKH�MRE�ZLWK�WKLV�,'�

job_200904110811_0002

LV�WKH�VHFRQG��0002��MRE�,'V�DUH���EDVHG��MRE�UXQ�E\�WKH�MREWUDFNHU��ZKLFK�VWDUWHG�DW
������RQ�$SULO�����������7KH�FRXQWHU�LV�IRUPDWWHG�ZLWK�OHDGLQJ�]HURV�WR�PDNH�MRE�,'V
VRUW�QLFHO\¢LQ�GLUHFWRU\� OLVWLQJV�� IRU� H[DPSOH��+RZHYHU��ZKHQ� WKH� FRXQWHU� UHDFKHV
�������LW�LV�QRW�UHVHW��UHVXOWLQJ�LQ�ORQJHU�MRE�,'V��ZKLFK�GRQ¦W�VRUW�VR�ZHOO��

7DVNV�EHORQJ�WR�D�MRE��DQG�WKHLU�,'V�DUH�IRUPHG�E\�UHSODFLQJ�WKH�job�SUHIL[�RI�D�MRE�,'
ZLWK�D�task�SUHIL[�DQG�DGGLQJ�D�VXIIL[�WR�LGHQWLI\�WKH�WDVN�ZLWKLQ�WKH�MRE��)RU�H[DPSOH�

task_200904110811_0002_m_000003

LV� WKH� IRXUWK� �000003�� WDVN� ,'V� DUH� ��EDVHG�� PDS� �m�� WDVN� RI� WKH� MRE� ZLWK� ,'
job_200904110811_0002��7KH�WDVN�,'V�DUH�FUHDWHG�IRU�D�MRE�ZKHQ�LW�LV�LQLWLDOL]HG��VR�WKH\
GR�QRW�QHFHVVDULO\�GLFWDWH�WKH�RUGHU�LQ�ZKLFK�WKH�WDVNV�ZLOO�EH�H[HFXWHG�

7DVNV� PD\� EH� H[HFXWHG� PRUH� WKDQ� RQFH�� GXH� WR� IDLOXUH� �VHH� £7DVN� IDLO�
XUH¤� RQ� SDJH� ����� RU� VSHFXODWLYH� H[HFXWLRQ� �VHH� £6SHFXODWLYH� ([HFX�
WLRQ¤�RQ�SDJH�������VR�WR�LGHQWLI\�GLIIHUHQW�LQVWDQFHV�RI�D�WDVN�H[HFXWLRQ��WDVN�DWWHPSWV
DUH�JLYHQ�XQLTXH�,'V�RQ�WKH�MREWUDFNHU��)RU�H[DPSOH�

attempt_200904110811_0002_m_000003_0

LV� WKH� ILUVW� �0�� DWWHPSW� ,'V� DUH� ��EDVHG�� DWWHPSW� DW� UXQQLQJ� WDVN
task_200904110811_0002_m_000003��7DVN�DWWHPSWV�DUH�DOORFDWHG�GXULQJ�WKH�MRE�UXQ�DV
QHHGHG�� VR� WKHLU�RUGHULQJ� UHSUHVHQWV� WKH�RUGHU� LQ�ZKLFK� WKH\�ZHUH�FUHDWHG� IRU� WDVN�
WUDFNHUV�WR�UXQ�

7KH�ILQDO�FRXQW�LQ�WKH�WDVN�DWWHPSW�,'�LV�LQFUHPHQWHG�E\�������LI�WKH�MRE�LV�UHVWDUWHG
DIWHU�WKH�MREWUDFNHU�LV�UHVWDUWHG�DQG�UHFRYHUV�LWV�UXQQLQJ�MREV��DOWKRXJK�WKLV�EHKDYLRU�LV
GLVDEOHG�E\�GHIDXOW��VHH�£-REWUDFNHU�IDLOXUH¤�RQ�SDJH������

The MapReduce Web UI
+DGRRS�FRPHV�ZLWK�D�ZHE�8,�IRU�YLHZLQJ�LQIRUPDWLRQ�DERXW�\RXU�MREV��,W�LV�XVHIXO�IRU
IROORZLQJ�D�MRE¦V�SURJUHVV�ZKLOH�LW�LV�UXQQLQJ��DV�ZHOO�DV�ILQGLQJ�MRE�VWDWLVWLFV�DQG�ORJV
DIWHU�WKH�MRE�KDV�FRPSOHWHG��<RX�FDQ�ILQG�WKH�8,�DW�KWWS���MREWUDFNHU�KRVW��������

The jobtracker page
$�VFUHHQVKRW�RI�WKH�KRPH�SDJH�LV�VKRZQ�LQ�)LJXUH������7KH�ILUVW�VHFWLRQ�RI�WKH�SDJH�JLYHV
GHWDLOV�RI�WKH�+DGRRS�LQVWDOODWLRQ��VXFK�DV�WKH�YHUVLRQ�QXPEHU�DQG�ZKHQ�LW�ZDV�FRP�
SLOHG��DQG�WKH�FXUUHQW�VWDWH�RI�WKH�MREWUDFNHU��LQ�WKLV�FDVH��UXQQLQJ��DQG�ZKHQ�LW�ZDV
VWDUWHG�
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1H[W�LV�D�VXPPDU\�RI�WKH�FOXVWHU��ZKLFK�KDV�PHDVXUHV�RI�FOXVWHU�FDSDFLW\�DQG�XWLOL]DWLRQ�
7KLV�VKRZV�WKH�QXPEHU�RI�PDSV�DQG�UHGXFHV�FXUUHQWO\�UXQQLQJ�RQ�WKH�FOXVWHU��WKH�WRWDO
QXPEHU�RI�MRE�VXEPLVVLRQV��WKH�QXPEHU�RI�WDVNWUDFNHU�QRGHV�FXUUHQWO\�DYDLODEOH��DQG
WKH�FOXVWHU¦V�FDSDFLW\��LQ�WHUPV�RI�WKH�QXPEHU�RI�PDS�DQG�UHGXFH�VORWV�DYDLODEOH�DFURVV
WKH�FOXVWHU��£0DS�7DVN�&DSDFLW\¤�DQG�£5HGXFH�7DVN�&DSDFLW\¤��DQG�WKH�QXPEHU�RI
DYDLODEOH�VORWV�SHU�QRGH��RQ�DYHUDJH��7KH�QXPEHU�RI�WDVNWUDFNHUV�WKDW�KDYH�EHHQ�EODFN�
OLVWHG�E\�WKH�MREWUDFNHU�LV�OLVWHG�DV�ZHOO��EODFNOLVWLQJ�LV�GLVFXVVHG�LQ�£7DVNWUDFNHU�IDLO�
XUH¤�RQ�SDJH������

%HORZ�WKH�VXPPDU\��WKHUH�LV�D�VHFWLRQ�DERXW�WKH�MRE�VFKHGXOHU�WKDW�LV�UXQQLQJ��KHUH�
WKH�GHIDXOW���<RX�FDQ�FOLFN�WKURXJK�WR�VHH�MRE�TXHXHV�

)XUWKHU�GRZQ��ZH�VHH�VHFWLRQV�IRU�UXQQLQJ���VXFFHVVIXOO\��FRPSOHWHG��DQG�IDLOHG�MREV�
(DFK�RI�WKHVH�VHFWLRQV�KDV�D�WDEOH�RI�MREV��ZLWK�D�URZ�SHU�MRE�WKDW�VKRZV�WKH�MRE¦V�,'�
RZQHU��QDPH��DV�VHW� LQ� WKH�Job�FRQVWUXFWRU�RU�setJobName()�PHWKRG��ERWK�RI�ZKLFK
LQWHUQDOO\�VHW�WKH�mapred.job.name�SURSHUW\���DQG�SURJUHVV�LQIRUPDWLRQ�

)LQDOO\��DW� WKH� IRRW�RI� WKH�SDJH�� WKHUH�DUH� OLQNV�WR�WKH� MREWUDFNHU¦V� ORJV�DQG�WKH� MRE�
WUDFNHU¦V�KLVWRU\��ZKLFK�FRQWDLQV�LQIRUPDWLRQ�RQ�DOO�WKH�MREV�WKDW�WKH�MREWUDFNHU�KDV
UXQ��7KH�PDLQ�YLHZ�GLVSOD\V�RQO\�����MREV��FRQILJXUDEOH�YLD�WKH�mapred.jobtracker.com
pleteuserjobs.maximum�SURSHUW\��EHIRUH�FRQVLJQLQJ�WKHP�WR�WKH�KLVWRU\�SDJH��1RWH�DOVR
WKDW�WKH�MRE�KLVWRU\�LV�SHUVLVWHQW��VR�\RX�FDQ�ILQG�MREV�KHUH�IURP�SUHYLRXV�UXQV�RI�WKH
MREWUDFNHU�
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)LJXUH������6FUHHQVKRW�RI�WKH�MREWUDFNHU�SDJH

Job History
-RE�KLVWRU\�UHIHUV�WR�WKH�HYHQWV�DQG�FRQILJXUDWLRQ�IRU�D�FRPSOHWHG�MRE��,W� LV�UHWDLQHG
UHJDUGOHVV�RI�ZKHWKHU�WKH�MRE�ZDV�VXFFHVVIXO��LQ�DQ�DWWHPSW�WR�SURYLGH�LQWHUHVWLQJ�LQ�
IRUPDWLRQ�IRU�WKH�XVHU�UXQQLQJ�D�MRE�

-RE� KLVWRU\� ILOHV� DUH� VWRUHG� RQ� WKH� ORFDO� ILOHV\VWHP� RI� WKH� MREWUDFNHU� LQ� D� KLVWRU\
VXEGLUHFWRU\�RI�WKH�ORJV�GLUHFWRU\��,W�LV�SRVVLEOH�WR�VHW�WKH�ORFDWLRQ�WR�DQ�DUELWUDU\�+DGRRS
ILOHV\VWHP�YLD�WKH�hadoop.job.history.location SURSHUW\��7KH�MREWUDFNHU¦V�KLVWRU\�ILOHV
DUH�NHSW�IRU����GD\V�EHIRUH�EHLQJ�GHOHWHG�E\�WKH�V\VWHP�

$� VHFRQG� FRS\� LV� DOVR� VWRUHG� IRU� WKH� XVHU� LQ� WKH� BORJV�KLVWRU\� VXEGLUHFWRU\� RI� WKH
MRE¦V� RXWSXW� GLUHFWRU\�� 7KLV� ORFDWLRQ� PD\� EH� RYHUULGGHQ� E\� VHWWLQJ
hadoop.job.history.user.location��%\�VHWWLQJ�LW�WR�WKH�VSHFLDO�YDOXH�none��QR�XVHU�MRE
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KLVWRU\�LV�VDYHG��DOWKRXJK�MRE�KLVWRU\�LV�VWLOO�VDYHG�FHQWUDOO\��$�XVHU¦V�MRE�KLVWRU\�ILOHV
DUH�QHYHU�GHOHWHG�E\�WKH�V\VWHP�

7KH�KLVWRU\�ORJ�LQFOXGHV�MRE��WDVN��DQG�DWWHPSW�HYHQWV��DOO�RI�ZKLFK�DUH�VWRUHG�LQ�D�SODLQ�
WH[W�ILOH��7KH�KLVWRU\�IRU�D�SDUWLFXODU�MRE�PD\�EH�YLHZHG�WKURXJK�WKH�ZHE�8,�RU�YLD�WKH
FRPPDQG� OLQH� XVLQJ� hadoop job -history� �ZKLFK� \RX� SRLQW� DW� WKH� MRE¦V� RXWSXW
GLUHFWRU\��

The job page
&OLFNLQJ�RQ�D�MRE�,'�EULQJV�\RX�WR�D�SDJH�IRU�WKH�MRE��LOOXVWUDWHG�LQ�)LJXUH������$W�WKH
WRS�RI�WKH�SDJH�LV�D�VXPPDU\�RI�WKH�MRE��ZLWK�EDVLF�LQIRUPDWLRQ�VXFK�DV�MRE�RZQHU�DQG
QDPH�DQG�KRZ�ORQJ�WKH�MRE�KDV�EHHQ�UXQQLQJ�IRU��7KH�MRE�ILOH�LV�WKH�FRQVROLGDWHG�FRQ�
ILJXUDWLRQ�ILOH�IRU�WKH�MRE��FRQWDLQLQJ�DOO�WKH�SURSHUWLHV�DQG�WKHLU�YDOXHV�WKDW�ZHUH�LQ
HIIHFW�GXULQJ�WKH�MRE�UXQ��,I�\RX�DUH�XQVXUH�RI�ZKDW�D�SDUWLFXODU�SURSHUW\�ZDV�VHW�WR��\RX
FDQ�FOLFN�WKURXJK�WR�LQVSHFW�WKH�ILOH�

:KLOH�WKH�MRE�LV�UXQQLQJ��\RX�FDQ�PRQLWRU�LWV�SURJUHVV�RQ�WKLV�SDJH��ZKLFK�SHULRGLFDOO\
XSGDWHV�LWVHOI��%HORZ�WKH�VXPPDU\�LV�D�WDEOH�WKDW�VKRZV�WKH�PDS�SURJUHVV�DQG�WKH�UHGXFH
SURJUHVV��£1XP�7DVNV¤�VKRZV�WKH�WRWDO�QXPEHU�RI�PDS�DQG�UHGXFH�WDVNV�IRU�WKLV�MRE
�D�URZ�IRU�HDFK���7KH�RWKHU�FROXPQV�WKHQ�VKRZ�WKH�VWDWH�RI� WKHVH� WDVNV��£3HQGLQJ¤
�ZDLWLQJ�WR�UXQ���£5XQQLQJ�¤�£&RPSOHWH¤��VXFFHVVIXOO\�UXQ���RU�£.LOOHG¤��WDVNV�WKDW�KDYH
IDLOHG��WKLV�FROXPQ�ZRXOG�EH�PRUH�DFFXUDWHO\�ODEHOHG�£)DLOHG¤���7KH�ILQDO�FROXPQ�VKRZV
WKH�WRWDO�QXPEHU�RI�IDLOHG�DQG�NLOOHG�WDVN�DWWHPSWV�IRU�DOO�WKH�PDS�RU�UHGXFH�WDVNV�IRU
WKH�MRE��WDVN�DWWHPSWV�PD\�EH�PDUNHG�DV�NLOOHG�LI�WKH\�DUH�D�VSHFXODWLYH�H[HFXWLRQ�GX�
SOLFDWH��LI�WKH�WDVNWUDFNHU�WKH\�DUH�UXQQLQJ�RQ�GLHV��RU�LI�WKH\�DUH�NLOOHG�E\�D�XVHU���6HH
£7DVN�IDLOXUH¤�RQ�SDJH�����IRU�EDFNJURXQG�RQ�WDVN�IDLOXUH�

)DUWKHU�GRZQ�WKH�SDJH��\RX�FDQ�ILQG�FRPSOHWLRQ�JUDSKV�IRU�HDFK�WDVN�WKDW�VKRZ�WKHLU
SURJUHVV�JUDSKLFDOO\��7KH�UHGXFH�FRPSOHWLRQ�JUDSK�LV�GLYLGHG�LQWR�WKH�WKUHH�SKDVHV�RI
WKH� UHGXFH� WDVN��FRS\� �ZKHQ� WKH�PDS�RXWSXWV�DUH�EHLQJ� WUDQVIHUUHG� WR� WKH� UHGXFH¦V
WDVNWUDFNHU���VRUW��ZKHQ�WKH�UHGXFH�LQSXWV�DUH�EHLQJ�PHUJHG���DQG�UHGXFH��ZKHQ�WKH
UHGXFH�IXQFWLRQ�LV�EHLQJ�UXQ�WR�SURGXFH�WKH�ILQDO�RXWSXW���7KH�SKDVHV�DUH�GHVFULEHG�LQ
PRUH�GHWDLO�LQ�£6KXIIOH�DQG�6RUW¤�RQ�SDJH�����

,Q�WKH�PLGGOH�RI�WKH�SDJH�LV�D�WDEOH�RI�MRE�FRXQWHUV��7KHVH�DUH�G\QDPLFDOO\�XSGDWHG
GXULQJ� WKH� MRE� UXQ�DQG�SURYLGH�DQRWKHU�XVHIXO�ZLQGRZ� LQWR� WKH� MRE¦V�SURJUHVV�DQG
JHQHUDO�KHDOWK��7KHUH�LV�PRUH�LQIRUPDWLRQ�DERXW�ZKDW�WKHVH�FRXQWHUV�PHDQ�LQ�£%XLOW�
LQ�&RXQWHUV¤�RQ�SDJH�����

Retrieving the Results
2QFH�WKH�MRE�LV�ILQLVKHG��WKHUH�DUH�YDULRXV�ZD\V�WR�UHWULHYH�WKH�UHVXOWV��(DFK�UHGXFHU
SURGXFHV� RQH� RXWSXW� ILOH�� VR� WKHUH� DUH� ��� SDUW� ILOHV� QDPHG� SDUW�U������� WR� SDUW�
U�������LQ�WKH�PD[�WHPS�GLUHFWRU\�
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)LJXUH������6FUHHQVKRW�RI�WKH�MRE�SDJH
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$V�WKHLU�QDPHV�VXJJHVW��D�JRRG�ZD\�WR�WKLQN�RI�WKHVH�£SDUW¤�ILOHV�LV�DV
SDUWV�RI�WKH�PD[�WHPS�£ILOH�¤

,I�WKH�RXWSXW�LV�ODUJH��ZKLFK�LW�LVQ¦W�LQ�WKLV�FDVH���LW�LV�LPSRUWDQW�WR�KDYH
PXOWLSOH�SDUWV�VR�WKDW�PRUH�WKDQ�RQH�UHGXFHU�FDQ�ZRUN�LQ�SDUDOOHO��8VX�
DOO\��LI�D�ILOH�LV�LQ�WKLV�SDUWLWLRQHG�IRUP��LW�FDQ�VWLOO�EH�XVHG�HDVLO\�HQRXJK
¢DV�WKH�LQSXW�WR�DQRWKHU�0DS5HGXFH�MRE��IRU�H[DPSOH��,Q�VRPH�FDVHV�
\RX�FDQ�H[SORLW�WKH�VWUXFWXUH�RI�PXOWLSOH�SDUWLWLRQV�WR�GR�D�PDS�VLGH
MRLQ�� IRU� H[DPSOH� �VHH�£0DS�6LGH� -RLQV¤�RQ�SDJH�������RU� D�0DS)LOH
ORRNXS� �VHH� £$Q� DSSOLFDWLRQ�� 3DUWLWLRQHG� 0DS)LOH� ORRN�
XSV¤�RQ�SDJH������

7KLV�MRE�SURGXFHV�D�YHU\�VPDOO�DPRXQW�RI�RXWSXW��VR�LW�LV�FRQYHQLHQW�WR�FRS\�LW�IURP
+')6�WR�RXU�GHYHORSPHQW�PDFKLQH��7KH�-getmerge�RSWLRQ�WR�WKH�hadoop fs�FRPPDQG
LV�XVHIXO�KHUH��DV�LW�JHWV�DOO�WKH�ILOHV�LQ�WKH�GLUHFWRU\�VSHFLILHG�LQ�WKH�VRXUFH�SDWWHUQ�DQG
PHUJHV�WKHP�LQWR�D�VLQJOH�ILOH�RQ�WKH�ORFDO�ILOHV\VWHP�

% hadoop fs -getmerge max-temp max-temp-local
% sort max-temp-local | tail
1991       607
1992       605
1993       567
1994       568
1995       567
1996       561
1997       565
1998       568
1999       568
2000       558

:H�VRUWHG�WKH�RXWSXW��DV�WKH�UHGXFH�RXWSXW�SDUWLWLRQV�DUH�XQRUGHUHG��RZLQJ�WR�WKH�KDVK
SDUWLWLRQ� IXQFWLRQ���'RLQJ�D�ELW�RI�SRVWSURFHVVLQJ�RI�GDWD� IURP�0DS5HGXFH� LV� YHU\
FRPPRQ��DV�LV�IHHGLQJ�LW�LQWR�DQDO\VLV�WRROV�VXFK�DV�5��D�VSUHDGVKHHW��RU�HYHQ�D�UHODWLRQDO
GDWDEDVH�

$QRWKHU�ZD\�RI�UHWULHYLQJ�WKH�RXWSXW�LI�LW�LV�VPDOO�LV�WR�XVH�WKH�-cat�RSWLRQ�WR�SULQW�WKH
RXWSXW�ILOHV�WR�WKH�FRQVROH�

% hadoop fs -cat max-temp/*

2Q�FORVHU�LQVSHFWLRQ��ZH�VHH�WKDW�VRPH�RI�WKH�UHVXOWV�GRQ¦W�ORRN�SODXVLEOH��)RU�LQVWDQFH�
WKH�PD[LPXP�WHPSHUDWXUH�IRU�������QRW�VKRZQ�KHUH��LV�����&��+RZ�GR�ZH�ILQG�RXW
ZKDW¦V�FDXVLQJ�WKLV"�,V�LW�FRUUXSW�LQSXW�GDWD�RU�D�EXJ�LQ�WKH�SURJUDP"

Debugging a Job
7KH�WLPH�KRQRUHG�ZD\�RI�GHEXJJLQJ�SURJUDPV�LV�YLD�SULQW�VWDWHPHQWV��DQG�WKLV�LV�FHU�
WDLQO\�SRVVLEOH�LQ�+DGRRS��+RZHYHU��WKHUH�DUH�FRPSOLFDWLRQV�WR�FRQVLGHU��ZLWK�SUR�
JUDPV�UXQQLQJ�RQ�WHQV��KXQGUHGV��RU�WKRXVDQGV�RI�QRGHV��KRZ�GR�ZH�ILQG�DQG�H[DPLQH
WKH�RXWSXW�RI�WKH�GHEXJ�VWDWHPHQWV��ZKLFK�PD\�EH�VFDWWHUHG�DFURVV�WKHVH�QRGHV"�)RU
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WKLV�SDUWLFXODU�FDVH��ZKHUH�ZH�DUH�ORRNLQJ�IRU��ZKDW�ZH�WKLQN�LV��DQ�XQXVXDO�FDVH��ZH
FDQ�XVH�D�GHEXJ�VWDWHPHQW�WR�ORJ�WR�VWDQGDUG�HUURU��LQ�FRQMXQFWLRQ�ZLWK�D�PHVVDJH�WR
XSGDWH�WKH�WDVN¦V�VWDWXV�PHVVDJH�WR�SURPSW�XV�WR�ORRN�LQ�WKH�HUURU�ORJ��7KH�ZHE�8,
PDNHV�WKLV�HDV\��DV�ZH�ZLOO�VHH�

:H�DOVR�FUHDWH�D�FXVWRP�FRXQWHU�WR�FRXQW�WKH�WRWDO�QXPEHU�RI�UHFRUGV�ZLWK�LPSODXVLEOH
WHPSHUDWXUHV�LQ�WKH�ZKROH�GDWDVHW��7KLV�JLYHV�XV�YDOXDEOH�LQIRUPDWLRQ�DERXW�KRZ�WR
GHDO�ZLWK�WKH�FRQGLWLRQ��,I�LW�WXUQV�RXW�WR�EH�D�FRPPRQ�RFFXUUHQFH��ZH�PLJKW�QHHG�WR
OHDUQ�PRUH�DERXW�WKH�FRQGLWLRQ�DQG�KRZ�WR�H[WUDFW�WKH�WHPSHUDWXUH�LQ�WKHVH�FDVHV��UDWKHU
WKDQ�VLPSO\�GURSSLQJ�WKH�UHFRUG��,Q�IDFW��ZKHQ�WU\LQJ�WR�GHEXJ�D�MRE��\RX�VKRXOG�DOZD\V
DVN�\RXUVHOI�LI�\RX�FDQ�XVH�D�FRXQWHU�WR�JHW�WKH�LQIRUPDWLRQ�\RX�QHHG�WR�ILQG�RXW�ZKDW¦V
KDSSHQLQJ��(YHQ�LI�\RX�QHHG�WR�XVH�ORJJLQJ�RU�D�VWDWXV�PHVVDJH��LW�PD\�EH�XVHIXO�WR�XVH
D�FRXQWHU�WR�JDXJH�WKH�H[WHQW�RI�WKH�SUREOHP���7KHUH�LV�PRUH�RQ�FRXQWHUV�LQ�£&RXQ�
WHUV¤�RQ�SDJH������

,I�WKH�DPRXQW�RI�ORJ�GDWD�\RX�SURGXFH�LQ�WKH�FRXUVH�RI�GHEXJJLQJ�LV�ODUJH��\RX�KDYH�D
FRXSOH�RI�RSWLRQV��7KH�ILUVW�LV�WR�ZULWH�WKH�LQIRUPDWLRQ�WR�WKH�PDS¦V�RXWSXW��UDWKHU�WKDQ
WR�VWDQGDUG�HUURU��IRU�DQDO\VLV�DQG�DJJUHJDWLRQ�E\�WKH�UHGXFH��7KLV�DSSURDFK�XVXDOO\
QHFHVVLWDWHV�VWUXFWXUDO�FKDQJHV�WR�\RXU�SURJUDP��VR�VWDUW�ZLWK�WKH�RWKHU�WHFKQLTXHV�ILUVW�
$OWHUQDWLYHO\��\RX�FDQ�ZULWH�D�SURJUDP��LQ�0DS5HGXFH��RI�FRXUVH��WR�DQDO\]H�WKH�ORJV
SURGXFHG�E\�\RXU�MRE�

:H�DGG�RXU�GHEXJJLQJ�WR�WKH�PDSSHU��YHUVLRQ�����DV�RSSRVHG�WR�WKH�UHGXFHU��DV�ZH
ZDQW�WR�ILQG�RXW�ZKDW�WKH�VRXUFH�GDWD�FDXVLQJ�WKH�DQRPDORXV�RXWSXW�ORRNV�OLNH�

public class MaxTemperatureMapper
  extends Mapper<LongWritable, Text, Text, IntWritable> {

  enum Temperature {
    OVER_100
  }
  
  private NcdcRecordParser parser = new NcdcRecordParser();

  @Override
  public void map(LongWritable key, Text value, Context context)
      throws IOException, InterruptedException {
    
    parser.parse(value);
    if (parser.isValidTemperature()) {
      int airTemperature = parser.getAirTemperature();
      if (airTemperature > 1000) {
        System.err.println("Temperature over 100 degrees for input: " + value);
        context.setStatus("Detected possibly corrupt record: see logs.");
        context.getCounter(Temperature.OVER_100).increment(1);
      }
      context.write(new Text(parser.getYear()), new IntWritable(airTemperature));
    }
  }
}
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,I�WKH�WHPSHUDWXUH�LV�RYHU�����&��UHSUHVHQWHG�E\�������EHFDXVH�WHPSHUDWXUHV�DUH�LQ
WHQWKV�RI�D�GHJUHH���ZH�SULQW�D�OLQH�WR�VWDQGDUG�HUURU�ZLWK�WKH�VXVSHFW�OLQH��DV�ZHOO�DV
XSGDWH�WKH�PDS¦V�VWDWXV�PHVVDJH�XVLQJ�WKH�setStatus()�PHWKRG�RQ�Context�GLUHFWLQJ
XV�WR�ORRN�LQ�WKH�ORJ��:H�DOVR�LQFUHPHQW�D�FRXQWHU��ZKLFK�LQ�-DYD�LV�UHSUHVHQWHG�E\�D
ILHOG�RI�DQ�HQXP�W\SH��,Q�WKLV�SURJUDP��ZH�KDYH�GHILQHG�D�VLQJOH�ILHOG�OVER_100�DV�D�ZD\
WR�FRXQW�WKH�QXPEHU�RI�UHFRUGV�ZLWK�D�WHPSHUDWXUH�RI�RYHU�����&�

:LWK�WKLV�PRGLILFDWLRQ��ZH�UHFRPSLOH�WKH�FRGH��UH�FUHDWH�WKH�-$5�ILOH��WKHQ�UHUXQ�WKH
MRE��DQG�ZKLOH�LW¦V�UXQQLQJ��JR�WR�WKH�WDVNV�SDJH�

The tasks page
7KH�MRE�SDJH�KDV�D�QXPEHU�RI�OLQNV�IRU�YLHZLQJ�WKH�WDVNV�LQ�D�MRE�LQ�PRUH�GHWDLO��)RU
H[DPSOH��E\�FOLFNLQJ�RQ�WKH�£PDS¤�OLQN��\RX�DUH�EURXJKW�WR�D�SDJH�WKDW�OLVWV�LQIRUPDWLRQ
IRU�DOO�RI�WKH�PDS�WDVNV�RQ�RQH�SDJH��<RX�FDQ�DOVR�VHH�MXVW�WKH�FRPSOHWHG�WDVNV��7KH
VFUHHQVKRW�LQ�)LJXUH�����VKRZV�D�SRUWLRQ�RI�WKLV�SDJH�IRU�WKH�MRE�UXQ�ZLWK�RXU�GHEXJJLQJ
VWDWHPHQWV��(DFK�URZ�LQ�WKH�WDEOH�LV�D�WDVN��DQG�LW�SURYLGHV�VXFK�LQIRUPDWLRQ�DV�WKH�VWDUW
DQG�HQG�WLPHV�IRU�HDFK�WDVN��DQ\�HUURUV�UHSRUWHG�EDFN�IURP�WKH�WDVNWUDFNHU��DQG�D�OLQN
WR�YLHZ�WKH�FRXQWHUV�IRU�DQ�LQGLYLGXDO�WDVN�

7KH�£6WDWXV¤�FROXPQ�FDQ�EH�KHOSIXO�IRU�GHEXJJLQJ�EHFDXVH�LW�VKRZV�D�WDVN¦V�ODWHVW�VWDWXV
PHVVDJH��%HIRUH�D�WDVN�VWDUWV��LW�VKRZV�LWV�VWDWXV�DV�£LQLWLDOL]LQJ�¤�DQG�WKHQ�RQFH�LW�VWDUWV
UHDGLQJ�UHFRUGV��LW�VKRZV�WKH�VSOLW�LQIRUPDWLRQ�IRU�WKH�VSOLW�LW�LV�UHDGLQJ�DV�D�ILOHQDPH
ZLWK�D�E\WH�RIIVHW�DQG� OHQJWK��<RX�FDQ�VHH� WKH�VWDWXV�ZH�VHW� IRU�GHEXJJLQJ� IRU� WDVN
task_200904110811_0003_m_000044��VR�OHW¦V�FOLFN�WKURXJK�WR�WKH�ORJV�SDJH�WR�ILQG�WKH
DVVRFLDWHG�GHEXJ�PHVVDJH�� �1RWLFH�� WRR�� WKDW� WKHUH� LV�DQ�H[WUD�FRXQWHU� IRU� WKLV� WDVN
EHFDXVH�RXU�XVHU�FRXQWHU�KDV�D�QRQ]HUR�FRXQW�IRU�WKLV�WDVN��

The task details page
)URP�WKH�WDVNV�SDJH��\RX�FDQ�FOLFN�RQ�DQ\�WDVN�WR�JHW�PRUH�LQIRUPDWLRQ�DERXW�LW��7KH
WDVN�GHWDLOV�SDJH��VKRZQ�LQ�)LJXUH������VKRZV�HDFK�WDVN�DWWHPSW��,Q�WKLV�FDVH��WKHUH�ZDV
RQH�WDVN�DWWHPSW��ZKLFK�FRPSOHWHG�VXFFHVVIXOO\��7KH�WDEOH�SURYLGHV�IXUWKHU�XVHIXO�GDWD�
VXFK�DV�WKH�QRGH�WKH�WDVN�DWWHPSW�UDQ�RQ�DQG�OLQNV�WR�WDVN�ORJILOHV�DQG�FRXQWHUV�

7KH�£$FWLRQV¤�FROXPQ�FRQWDLQV�OLQNV�IRU�NLOOLQJ�D�WDVN�DWWHPSW��%\�GHIDXOW��WKLV�LV�GLV�
DEOHG��PDNLQJ�WKH�ZHE�8,�D�UHDG�RQO\�LQWHUIDFH��6HW�webinterface.private.actions�WR
true�WR�HQDEOH�WKH�DFWLRQV�OLQNV�
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)LJXUH������6FUHHQVKRW�RI�WKH�WDVNV�SDJH

)LJXUH������6FUHHQVKRW�RI�WKH�WDVN�GHWDLOV�SDJH

%\�VHWWLQJ�webinterface.private.actions�WR�true��\RX�DOVR�DOORZ�DQ\RQH
ZLWK�DFFHVV�WR�WKH�+')6�ZHE�LQWHUIDFH�WR�GHOHWH�ILOHV��7KH�dfs.web.ugi
SURSHUW\�GHWHUPLQHV�WKH�XVHU�WKDW�WKH�+')6�ZHE�8,�UXQV�DV��WKXV�FRQ�
WUROOLQJ�ZKLFK�ILOHV�PD\�EH�YLHZHG�DQG�GHOHWHG�

)RU�PDS�WDVNV��WKHUH�LV�DOVR�D�VHFWLRQ�VKRZLQJ�ZKLFK�QRGHV�WKH�LQSXW�VSOLW�ZDV�ORFDWHG
RQ�

%\�IROORZLQJ�RQH�RI�WKH�OLQNV�WR�WKH�ORJILOHV�IRU�WKH�VXFFHVVIXO�WDVN�DWWHPSW��\RX�FDQ�VHH
WKH�ODVW���.%�RU���.%�RI�HDFK�ORJILOH��RU�WKH�HQWLUH�ILOH���ZH�FDQ�ILQG�WKH�VXVSHFW�LQSXW
UHFRUG�WKDW�ZH�ORJJHG��WKH�OLQH�LV�ZUDSSHG�DQG�WUXQFDWHG�WR�ILW�RQ�WKH�SDJH��
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Temperature over 100 degrees for input:
0335999999433181957042302005+37950+139117SAO  +0004RJSN V020113590031500703569999994
33201957010100005+35317+139650SAO +000899999V02002359002650076249N004000599+0067...

7KLV�UHFRUG�VHHPV�WR�EH�LQ�D�GLIIHUHQW�IRUPDW�IURP�WKH�RWKHUV��)RU�RQH�WKLQJ��WKHUH�DUH
VSDFHV�LQ�WKH�OLQH��ZKLFK�DUH�QRW�GHVFULEHG�LQ�WKH�VSHFLILFDWLRQ�

:KHQ�WKH�MRE�KDV�ILQLVKHG��ZH�FDQ�ORRN�DW�WKH�YDOXH�RI�WKH�FRXQWHU�ZH�GHILQHG�WR�VHH
KRZ�PDQ\�UHFRUGV�RYHU�����&�WKHUH�DUH�LQ�WKH�ZKROH�GDWDVHW��&RXQWHUV�DUH�DFFHVVLEOH
YLD�WKH�ZHE�8,�RU�WKH�FRPPDQG�OLQH�

% hadoop job -counter job_200904110811_0003 'v4.MaxTemperatureMapper$Temperature' \
  OVER_100
3

7KH�-counter�RSWLRQ�WDNHV�WKH�MRE�,'��FRXQWHU�JURXS�QDPH��ZKLFK�LV�WKH�IXOO\�TXDOLILHG
FODVVQDPH�KHUH���DQG�WKH�FRXQWHU�QDPH��WKH�HQXP�QDPH���7KHUH�DUH�RQO\�WKUHH�PDO�
IRUPHG�UHFRUGV�LQ�WKH�HQWLUH�GDWDVHW�RI�RYHU�D�ELOOLRQ�UHFRUGV��7KURZLQJ�RXW�EDG�UHFRUGV
LV�VWDQGDUG�IRU�PDQ\�ELJ�GDWD�SUREOHPV��DOWKRXJK�ZH�QHHG�WR�EH�FDUHIXO�LQ�WKLV�FDVH
EHFDXVH�ZH�DUH�ORRNLQJ�IRU�DQ�H[WUHPH�YDOXH¢WKH�PD[LPXP�WHPSHUDWXUH�UDWKHU�WKDQ
DQ� DJJUHJDWH�PHDVXUH�� 6WLOO�� WKURZLQJ� DZD\� WKUHH� UHFRUGV� LV� SUREDEO\� QRW� JRLQJ� WR
FKDQJH�WKH�UHVXOW�

Handling malformed data
&DSWXULQJ�LQSXW�GDWD�WKDW�FDXVHV�D�SUREOHP�LV�YDOXDEOH��DV�ZH�FDQ�XVH�LW�LQ�D�WHVW�WR
FKHFN�WKDW�WKH�PDSSHU�GRHV�WKH�ULJKW�WKLQJ��,Q�WKLV�058QLW�WHVW��ZH�FKHFN�WKDW�WKH
FRXQWHU�LV�XSGDWHG�IRU�WKH�PDOIRUPHG�LQSXW�

  @Test
  public void parsesMalformedTemperature() throws IOException,
      InterruptedException {
    Text value = new Text("0335999999433181957042302005+37950+139117SAO  +0004" +
                                  // Year ^^^^
        "RJSN V02011359003150070356999999433201957010100005+353");
                              // Temperature ^^^^^
    Counters counters = new Counters();
    new MapDriver<LongWritable, Text, Text, IntWritable>()
      .withMapper(new MaxTemperatureMapper())
      .withInputValue(value)
      .withCounters(counters)
      .runTest();
    Counter c = counters.findCounter(MaxTemperatureMapper.Temperature.MALFORMED);
    assertThat(c.getValue(), is(1L));
  }

7KH�UHFRUG�WKDW�ZDV�FDXVLQJ�WKH�SUREOHP�LV�RI�D�GLIIHUHQW�IRUPDW�IURP�WKH�RWKHU�OLQHV
ZH¦YH�VHHQ��([DPSOH������VKRZV�D�PRGLILHG�SURJUDP��YHUVLRQ����XVLQJ�D�SDUVHU�WKDW
LJQRUHV�HDFK�OLQH�ZLWK�D�WHPSHUDWXUH�ILHOG�WKDW�GRHV�QRW�KDYH�D�OHDGLQJ�VLJQ��SOXV�RU
PLQXV���:H¦YH�DOVR�LQWURGXFHG�D�FRXQWHU�WR�PHDVXUH�WKH�QXPEHU�RI�UHFRUGV�WKDW�ZH�DUH
LJQRULQJ�IRU�WKLV�UHDVRQ�
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([DPSOH�������0DSSHU�IRU�WKH�PD[LPXP�WHPSHUDWXUH�H[DPSOH

public class MaxTemperatureMapper
  extends Mapper<LongWritable, Text, Text, IntWritable> {
  
  enum Temperature {
    MALFORMED
  }

  private NcdcRecordParser parser = new NcdcRecordParser();
  
  @Override
  public void map(LongWritable key, Text value, Context context)
      throws IOException, InterruptedException {
    
    parser.parse(value);
    if (parser.isValidTemperature()) {
      int airTemperature = parser.getAirTemperature();
      context.write(new Text(parser.getYear()), new IntWritable(airTemperature));
    } else if (parser.isMalformedTemperature()) {
      System.err.println("Ignoring possibly corrupt input: " + value);
      context.getCounter(Temperature.MALFORMED).increment(1);
    }
  }
}

Hadoop Logs
+DGRRS�SURGXFHV�ORJV�LQ�YDULRXV�SODFHV��DQG�IRU�YDULRXV�DXGLHQFHV��7KHVH�DUH�VXP�
PDUL]HG�LQ�7DEOH�����

7DEOH������7\SHV�RI�+DGRRS�ORJV

Logs Primary audience Description Further information

System daemon logs Administrators Each Hadoop daemon produces a logfile (us-
ing log4j) and another file that combines
standard out and error. Written in the direc-
tory defined by the HADOOP_LOG_DIR en-
vironment variable.

“System log-
files” on page 309 and
“Logging” on page 352

HDFS audit logs Administrators A log of all HDFS requests, turned off by de-
fault. Written to the namenode’s log, al-
though this is configurable.

“Audit Log-
ging” on page 346

MapReduce job history logs Users A log of the events (such as task completion)
that occur in the course of running a job.
Saved centrally on the jobtracker and in the
job’s output directory in a _logs/history sub-
directory.

“Job His-
tory” on page 167

MapReduce task logs Users Each tasktracker child process produces a
logfile using log4j (called syslog), a file for
data sent to standard out (stdout), and a file
for standard error (stderr). Written in the

This section
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Logs Primary audience Description Further information
userlogs subdirectory of the directory defined
by the HADOOP_LOG_DIR environment
variable.

$V�ZH�KDYH�VHHQ�LQ�WKH�SUHYLRXV�VHFWLRQ��0DS5HGXFH�WDVN�ORJV�DUH�DFFHVVLEOH�WKURXJK
WKH�ZHE�8,��ZKLFK�LV�WKH�PRVW�FRQYHQLHQW�ZD\�WR�YLHZ�WKHP��<RX�FDQ�DOVR�ILQG�WKH
ORJILOHV�RQ�WKH�ORFDO�ILOHV\VWHP�RI�WKH�WDVNWUDFNHU�WKDW�UDQ�WKH�WDVN�DWWHPSW��ORFDWHG�LQ�D
GLUHFWRU\�QDPHG�E\�WKH� WDVN�DWWHPSW�� ,I� WDVN�-90�UHXVH� LV�HQDEOHG��VHH�£7DVN�-90
5HXVH¤�RQ�SDJH������� HDFK� ORJILOH� DFFXPXODWHV� WKH� ORJV� IRU� WKH� HQWLUH� -90� UXQ�� VR
PXOWLSOH�WDVN�DWWHPSWV�ZLOO�EH�IRXQG�LQ�HDFK�ORJILOH��7KH�ZHE�8,�KLGHV�WKLV�E\�VKRZLQJ
RQO\�WKH�SRUWLRQ�WKDW�LV�UHOHYDQW�IRU�WKH�WDVN�DWWHPSW�EHLQJ�YLHZHG�

,W�LV�VWUDLJKWIRUZDUG�WR�ZULWH�WR�WKHVH�ORJILOHV��$Q\WKLQJ�ZULWWHQ�WR�VWDQGDUG�RXWSXW�RU
VWDQGDUG�HUURU�LV�GLUHFWHG�WR�WKH�UHOHYDQW�ORJILOH���2I�FRXUVH�� LQ�6WUHDPLQJ��VWDQGDUG
RXWSXW�LV�XVHG�IRU�WKH�PDS�RU�UHGXFH�RXWSXW��VR�LW�ZLOO�QRW�VKRZ�XS�LQ�WKH�VWDQGDUG
RXWSXW�ORJ��

,Q�-DYD��\RX�FDQ�ZULWH�WR�WKH�WDVN¦V�V\VORJ�ILOH�LI�\RX�ZLVK�E\�XVLQJ�WKH�$SDFKH�&RPPRQV
/RJJLQJ�$3,��7KLV�LV�VKRZQ�LQ�([DPSOH������

([DPSOH�������$Q�LGHQWLW\�PDSSHU�WKDW�ZULWHV�WR�VWDQGDUG�RXWSXW�DQG�DOVR�XVHV�WKH�$SDFKH�&RPPRQV
/RJJLQJ�$3,

import org.apache.commons.logging.Log;
import org.apache.commons.logging.LogFactory;
import org.apache.hadoop.mapreduce.Mapper;

public class LoggingIdentityMapper<KEYIN, VALUEIN, KEYOUT, VALUEOUT>
  extends Mapper<KEYIN, VALUEIN, KEYOUT, VALUEOUT> {
  
  private static final Log LOG = LogFactory.getLog(LoggingIdentityMapper.class);
  
  @Override
  public void map(KEYIN key, VALUEIN value, Context context)
      throws IOException, InterruptedException {
    // Log to stdout file
    System.out.println("Map key: " + key);
    
    // Log to syslog file
    LOG.info("Map key: " + key);
    if (LOG.isDebugEnabled()) {
      LOG.debug("Map value: " + value);
    }
    context.write((KEYOUT) key, (VALUEOUT) value);
  }
}

7KH�GHIDXOW�ORJ�OHYHO�LV�INFO��VR�DEBUG�OHYHO�PHVVDJHV�GR�QRW�DSSHDU�LQ�WKH�V\VORJ�WDVN
ORJILOH�� +RZHYHU�� VRPHWLPHV� \RX� ZDQW� WR� VHH� WKHVH� PHVVDJHV�� 7R� GR� WKLV�� VHW
mapred.map.child.log.level�RU�mapred.reduce.child.log.level��DV�DSSURSULDWH��IURP
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�������)RU�H[DPSOH��LQ�WKLV�FDVH�ZH�FRXOG�VHW�LW�IRU�WKH�PDSSHU�WR�VHH�WKH�PDS�YDOXHV�LQ
WKH�ORJ�DV�IROORZV�

% hadoop jar hadoop-examples.jar LoggingDriver -conf conf/hadoop-cluster.xml \
  -D mapred.map.child.log.level=DEBUG input/ncdc/sample.txt logging-out

7KHUH�DUH�VRPH�FRQWUROV�IRU�PDQDJLQJ�WKH�UHWHQWLRQ�DQG�VL]H�RI�WDVN�ORJV��%\�GHIDXOW�
ORJV� DUH� GHOHWHG� DIWHU� D� PLQLPXP� RI� ��� KRXUV� �VHW� WKLV� XVLQJ� WKH� mapred.user
log.retain.hours�SURSHUW\���<RX�FDQ�DOVR�VHW�D�FDS�RQ�WKH�PD[LPXP�VL]H�RI�HDFK�ORJILOH
XVLQJ�WKH�mapred.userlog.limit.kb�SURSHUW\��ZKLFK�LV���E\�GHIDXOW��PHDQLQJ�WKHUH�LV�QR
FDS�

6RPHWLPHV�\RX�PD\�QHHG�WR�GHEXJ�D�SUREOHP�WKDW�\RX�VXVSHFW�LV�RF�
FXUULQJ�LQ�WKH�-90�UXQQLQJ�D�+DGRRS�FRPPDQG��UDWKHU�WKDQ�RQ�WKH
FOXVWHU��<RX�FDQ�VHQG�DEBUG�OHYHO�ORJV�WR�WKH�FRQVROH�E\�XVLQJ�DQ�LQYR�
FDWLRQ�OLNH�WKLV�

% HADOOP_ROOT_LOGGER=DEBUG,console hadoop fs -text /foo/bar

Remote Debugging
:KHQ�D�WDVN�IDLOV�DQG�WKHUH�LV�QRW�HQRXJK�LQIRUPDWLRQ�ORJJHG�WR�GLDJQRVH�WKH�HUURU�
\RX�PD\�ZDQW�WR�UHVRUW�WR�UXQQLQJ�D�GHEXJJHU�IRU�WKDW�WDVN��7KLV�LV�KDUG�WR�DUUDQJH
ZKHQ�UXQQLQJ�WKH�MRE�RQ�D�FOXVWHU��DV�\RX�GRQ¦W�NQRZ�ZKLFK�QRGH�LV�JRLQJ�WR�SURFHVV
ZKLFK�SDUW�RI�WKH�LQSXW��VR�\RX�FDQ¦W�VHW�XS�\RXU�GHEXJJHU�DKHDG�RI�WKH�IDLOXUH��+RZHYHU�
WKHUH�DUH�D�IHZ�RWKHU�RSWLRQV�DYDLODEOH�

5HSURGXFH�WKH�IDLOXUH�ORFDOO\
2IWHQ�WKH�IDLOLQJ�WDVN�IDLOV�FRQVLVWHQWO\�RQ�D�SDUWLFXODU�LQSXW��<RX�FDQ�WU\�WR�UHSUR�
GXFH�WKH�SUREOHP�ORFDOO\�E\�GRZQORDGLQJ�WKH�ILOH�WKDW�WKH�WDVN�LV�IDLOLQJ�RQ�DQG
UXQQLQJ�WKH�MRE�ORFDOO\��SRVVLEO\�XVLQJ�D�GHEXJJHU�VXFK�DV�-DYD¦V�9LVXDO90�

8VH�-90�GHEXJJLQJ�RSWLRQV
$�FRPPRQ�FDXVH�RI�IDLOXUH�LV�D�-DYD�RXW�RI�PHPRU\�HUURU�LQ�WKH�WDVN�-90��<RX�FDQ
VHW�mapred.child.java.opts�WR�LQFOXGH�-XX:-HeapDumpOnOutOfMemoryError -XX:Heap
DumpPath=/path/to/dumps��7KLV�VHWWLQJ�SURGXFHV�D�KHDS�GXPS�WKDW�FDQ�EH�H[DPLQHG
DIWHUZDUG�ZLWK�WRROV�VXFK�DV�MKDW�RU�WKH�(FOLSVH�0HPRU\�$QDO\]HU��1RWH�WKDW�WKH
-90� RSWLRQV� VKRXOG� EH� DGGHG� WR� WKH� H[LVWLQJ� PHPRU\� VHWWLQJV� VSHFLILHG� E\�
mapred.child.java.opts�� 7KHVH� DUH� H[SODLQHG� LQ� PRUH� GHWDLO� LQ� £0HP�
RU\¤�RQ�SDJH�����

8VH�WDVN�SURILOLQJ
-DYD�SURILOHUV�JLYH�D�ORW�RI�LQVLJKW�LQWR�WKH�-90��DQG�+DGRRS�SURYLGHV�D�PHFKDQLVP
WR�SURILOH�D�VXEVHW�RI�WKH�WDVNV�LQ�D�MRE��6HH�£3URILOLQJ�7DVNV¤�RQ�SDJH�����

8VH�IsolationRunner
2OGHU�YHUVLRQV�RI�+DGRRS�SURYLGHG�D�VSHFLDO�WDVN�UXQQHU�FDOOHG�IsolationRunner
WKDW�FRXOG�UHUXQ�IDLOHG�WDVNV�LQ�VLWX�RQ�WKH�FOXVWHU��8QIRUWXQDWHO\��LW�LV�QR�ORQJHU
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DYDLODEOH� LQ� UHFHQW� YHUVLRQV�� EXW� \RX� FDQ� WUDFN� LWV� UHSODFHPHQW� DW� KWWSV���LVVXHV
�DSDFKH�RUJ�MLUD�EURZVH�0$35('8&(������

,Q�VRPH�FDVHV�LW¦V�XVHIXO�WR�NHHS�WKH�LQWHUPHGLDWH�ILOHV�IRU�D�IDLOHG�WDVN�DWWHPSW�IRU�ODWHU
LQVSHFWLRQ��SDUWLFXODUO\�LI�VXSSOHPHQWDU\�GXPS�RU�SURILOH�ILOHV�DUH�FUHDWHG�LQ�WKH�WDVN¦V
ZRUNLQJ�GLUHFWRU\��<RX�FDQ�VHW�keep.failed.task.files�WR�true�WR�NHHS�D�IDLOHG�WDVN¦V
ILOHV�

<RX�FDQ�NHHS�WKH�LQWHUPHGLDWH�ILOHV�IRU�VXFFHVVIXO�WDVNV��WRR��ZKLFK�PD\�EH�KDQG\�LI
\RX� ZDQW� WR� H[DPLQH� D� WDVN� WKDW� LVQ¦W� IDLOLQJ�� ,Q� WKLV� FDVH�� VHW� WKH� SURSHUW\
keep.task.files.pattern�WR�D�UHJXODU�H[SUHVVLRQ�WKDW�PDWFKHV�WKH�,'V�RI�WKH�WDVNV�\RX
ZDQW�WR�NHHS�

7R�H[DPLQH�WKH�LQWHUPHGLDWH�ILOHV��ORJ�LQWR�WKH�QRGH�WKDW�WKH�WDVN�IDLOHG�RQ�DQG�ORRN�IRU
WKH�GLUHFWRU\�IRU�WKDW�WDVN�DWWHPSW��,W�ZLOO�EH�XQGHU�RQH�RI�WKH�ORFDO�0DS5HGXFH�GLUHF�
WRULHV��DV�VHW�E\�WKH�mapred.local.dir�SURSHUW\��FRYHUHG�LQ�PRUH�GHWDLO�LQ�£,PSRUWDQW
+DGRRS�'DHPRQ�3URSHUWLHV¤�RQ�SDJH�������,I�WKLV�SURSHUW\�LV�D�FRPPD�VHSDUDWHG�OLVW
RI�GLUHFWRULHV��WR�VSUHDG�ORDG�DFURVV�WKH�SK\VLFDO�GLVNV�RQ�D�PDFKLQH���\RX�PD\�QHHG�WR
ORRN�LQ�DOO�RI�WKH�GLUHFWRULHV�EHIRUH�\RX�ILQG�WKH�GLUHFWRU\�IRU�WKDW�SDUWLFXODU�WDVN�DWWHPSW�
7KH�WDVN�DWWHPSW�GLUHFWRU\�LV�LQ�WKH�IROORZLQJ�ORFDWLRQ�

      mapred.local.dir/taskTracker/jobcache/job-ID/task-attempt-ID
        

Tuning a Job
$IWHU�D�MRE�LV�ZRUNLQJ��WKH�TXHVWLRQ�PDQ\�GHYHORSHUV�DVN�LV��£&DQ�,�PDNH�LW�UXQ�IDVWHU"¤

7KHUH� DUH� D� IHZ�+DGRRS�VSHFLILF� £XVXDO� VXVSHFWV¤� WKDW� DUH� ZRUWK� FKHFNLQJ� WR� VHH
ZKHWKHU�WKH\�DUH�UHVSRQVLEOH�IRU�D�SHUIRUPDQFH�SUREOHP��<RX�VKRXOG�UXQ�WKURXJK�WKH
FKHFNOLVW�LQ�7DEOH�����EHIRUH�\RX�VWDUW�WU\LQJ�WR�SURILOH�RU�RSWLPL]H�DW�WKH�WDVN�OHYHO�

7DEOH������7XQLQJ�FKHFNOLVW

Area Best practice Further information

Number of
mappers

How long are your mappers running for? If they are only running for a few seconds
on average, you should see whether there’s a way to have fewer mappers and
make them all run longer, a minute or so, as a rule of thumb. The extent to
which this is possible depends on the input format you are using.

“Small files and Com-
bineFileInputFor-
mat” on page 239

Number of reducers For maximum performance, the number of reducers should be slightly less than
the number of reduce slots in the cluster. This allows the reducers to finish in
one wave and fully utilizes the cluster during the reduce phase.

“Choosing the Num-
ber of Reduc-
ers” on page 231

Combiners Check whether your job can take advantage of a combiner to reduce the amount
of data passing through the shuffle.

“Combiner Func-
tions” on page 33

Intermediate
compression

Job execution time can almost always benefit from enabling map output
compression.

“Compressing map
output” on page 92
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Area Best practice Further information

Custom
serialization

If you are using your own custom Writable objects or custom comparators,
make sure you have implemented RawComparator.

“Implementing a
RawComparator for
speed” on page 106

Shuffle tweaks The MapReduce shuffle exposes around a dozen tuning parameters for memory
management, which may help you wring out the last bit of performance.

“Configuration Tun-
ing” on page 211

Profiling Tasks
/LNH�GHEXJJLQJ��SURILOLQJ�D�MRE�UXQQLQJ�RQ�D�GLVWULEXWHG�V\VWHP�VXFK�DV�0DS5HGXFH
SUHVHQWV�VRPH�FKDOOHQJHV��+DGRRS�DOORZV�\RX�WR�SURILOH�D�IUDFWLRQ�RI�WKH�WDVNV�LQ�D�MRE�
DQG�DV�HDFK�WDVN�FRPSOHWHV��SXOOV�GRZQ�WKH�SURILOH�LQIRUPDWLRQ�WR�\RXU�PDFKLQH�IRU
ODWHU�DQDO\VLV�ZLWK�VWDQGDUG�SURILOLQJ�WRROV�

2I�FRXUVH��LW¦V�SRVVLEOH��DQG�VRPHZKDW�HDVLHU��WR�SURILOH�D�MRE�UXQQLQJ�LQ�WKH�ORFDO�MRE
UXQQHU��$QG�SURYLGHG�\RX�FDQ�UXQ�ZLWK�HQRXJK�LQSXW�GDWD�WR�H[HUFLVH�WKH�PDS�DQG
UHGXFH�WDVNV��WKLV�FDQ�EH�D�YDOXDEOH�ZD\�RI�LPSURYLQJ�WKH�SHUIRUPDQFH�RI�\RXU�PDSSHUV
DQG�UHGXFHUV��7KHUH�DUH�D�FRXSOH�RI�FDYHDWV��KRZHYHU��7KH�ORFDO�MRE�UXQQHU�LV�D�YHU\
GLIIHUHQW�HQYLURQPHQW� IURP�D�FOXVWHU�� DQG� WKH�GDWD� IORZ�SDWWHUQV�DUH�YHU\�GLIIHUHQW�
2SWLPL]LQJ�WKH�&38�SHUIRUPDQFH�RI�\RXU�FRGH�PD\�EH�SRLQWOHVV�LI�\RXU�0DS5HGXFH
MRE�LV�,�2�ERXQG��DV�PDQ\�MREV�DUH���7R�EH�VXUH�WKDW�DQ\�WXQLQJ�LV�HIIHFWLYH��\RX�VKRXOG
FRPSDUH�WKH�QHZ�H[HFXWLRQ�WLPH�ZLWK�WKH�ROG�RQH�UXQQLQJ�RQ�D�UHDO�FOXVWHU��(YHQ�WKLV
LV�HDVLHU�VDLG�WKDQ�GRQH��VLQFH�MRE�H[HFXWLRQ�WLPHV�FDQ�YDU\�GXH�WR�UHVRXUFH�FRQWHQWLRQ
ZLWK�RWKHU�MREV�DQG�WKH�GHFLVLRQV�WKH�VFKHGXOHU�PDNHV�UHJDUGLQJ�WDVN�SODFHPHQW��7R
JHW�D�JRRG�LGHD�RI�MRE�H[HFXWLRQ�WLPH�XQGHU�WKHVH�FLUFXPVWDQFHV��SHUIRUP�D�VHULHV�RI
UXQV��ZLWK�DQG�ZLWKRXW�WKH�FKDQJH��DQG�FKHFN�ZKHWKHU�DQ\�LPSURYHPHQW�LV�VWDWLVWLFDOO\
VLJQLILFDQW�

,W¦V�XQIRUWXQDWHO\�WUXH�WKDW�VRPH�SUREOHPV��VXFK�DV�H[FHVVLYH�PHPRU\�XVH��FDQ�EH�UH�
SURGXFHG� RQO\� RQ� WKH� FOXVWHU�� DQG� LQ� WKHVH� FDVHV� WKH� DELOLW\� WR� SURILOH� LQ� VLWX� LV
LQGLVSHQVDEOH�

The HPROF profiler
7KHUH�DUH�D�QXPEHU�RI�FRQILJXUDWLRQ�SURSHUWLHV� WR�FRQWURO�SURILOLQJ��ZKLFK�DUH�DOVR
H[SRVHG� YLD� FRQYHQLHQFH� PHWKRGV� RQ� JobConf�� 7KH� IROORZLQJ� PRGLILFDWLRQ� WR�
MaxTemperatureDriver� �YHUVLRQ����ZLOO�HQDEOH�UHPRWH�+352)�SURILOLQJ��+352)�LV�D
SURILOLQJ�WRRO�WKDW�FRPHV�ZLWK�WKH�-'.�WKDW��DOWKRXJK�EDVLF��FDQ�JLYH�YDOXDEOH�LQIRU�
PDWLRQ�DERXW�D�SURJUDP¦V�&38�DQG�KHDS�XVDJH��

�� +352)�XVHV�E\WH�FRGH�LQVHUWLRQ�WR�SURILOH�\RXU�FRGH��VR�\RX�GR�QRW�QHHG�WR�UHFRPSLOH�\RXU�DSSOLFDWLRQ
ZLWK�VSHFLDO�RSWLRQV�WR�XVH�LW��)RU�PRUH�LQIRUPDWLRQ�RQ�+352)��VHH�£+352)��$�+HDS�&38�3URILOLQJ
7RRO� LQ� -�6(� ���¤� E\� .HOO\� 2¦+DLU� DW� KWWS���MDYD�VXQ�FRP�GHYHORSHU�WHFKQLFDO$UWLFOHV�3URJUDPPLQJ�
+352)�KWPO�
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    Configuration conf = getConf();
    conf.setBoolean("mapred.task.profile", true);
    conf.set("mapred.task.profile.params", "-agentlib:hprof=cpu=samples," +
        "heap=sites,depth=6,force=n,thread=y,verbose=n,file=%s");
    conf.set("mapred.task.profile.maps", "0-2");
    conf.set("mapred.task.profile.reduces", "); // no reduces
    Job job = new Job(conf, "Max temperature");

7KH�ILUVW�OLQH�HQDEOHV�SURILOLQJ��ZKLFK�E\�GHIDXOW�LV�WXUQHG�RII���,Q�WKH�QHZ�$3,��\RX�FDQ
XVH�WKH�JobContext.TASK_PROFILE�FRQVWDQW�LQVWHDG�RI�XVLQJ�mapred.task.profile��

1H[W�ZH�VHW�WKH�SURILOH�SDUDPHWHUV��ZKLFK�DUH�WKH�H[WUD�FRPPDQG�OLQH�DUJXPHQWV�WR
SDVV�WR�WKH�WDVN¦V�-90���:KHQ�SURILOLQJ�LV�HQDEOHG��D�QHZ�-90�LV�DOORFDWHG�IRU�HDFK
WDVN��HYHQ�LI�-90�UHXVH�LV�WXUQHG�RQ��VHH�£7DVN�-90�5HXVH¤�RQ�SDJH�������7KH�GHIDXOW
SDUDPHWHUV�VSHFLI\�WKH�+352)�SURILOHU��KHUH�ZH�VHW�DQ�H[WUD�+352)�RSWLRQ��depth=6�
WR�JLYH�PRUH�VWDFN�WUDFH�GHSWK�WKDQ�WKH�+352)�GHIDXOW���8VLQJ�JobContext.TASK_PRO
FILE_PARAMS�LV�HTXLYDOHQW�WR�VHWWLQJ�WKH�mapred.task.profile.params�SURSHUW\��

)LQDOO\��ZH�VSHFLI\�ZKLFK�WDVNV�ZH�ZDQW�WR�SURILOH��:H�QRUPDOO\�ZDQW�SURILOH�LQIRUPD�
WLRQ� IURP�RQO\�D� IHZ�WDVNV�� VR�ZH�XVH� WKH�SURSHUWLHV�mapred.task.profile.maps�DQG
mapred.task.profile.reduces�WR�VSHFLI\�WKH�UDQJH�RI��PDS�RU�UHGXFH��WDVN�,'V�WKDW�ZH
ZDQW�SURILOH�LQIRUPDWLRQ�IRU��:H¦YH�VHW�WKH�PDSV�SURSHUW\�WR�0-2��ZKLFK�LV�DFWXDOO\�WKH
GHIDXOW���ZKLFK�PHDQV�PDS�WDVNV�ZLWK�,'V�������DQG���DUH�SURILOHG��$�VHW�RI�UDQJHV�LV
SHUPLWWHG��XVLQJ�D�QRWDWLRQ� WKDW� DOORZV�RSHQ� UDQJHV��)RU� H[DPSOH��0-1,4,6-�ZRXOG
VSHFLI\�DOO� WDVNV�H[FHSW� WKRVH�ZLWK�,'V�������DQG����7KH�WDVNV�WR�SURILOH�FDQ�DOVR�EH
FRQWUROOHG�XVLQJ�WKH�JobContext.NUM_MAP_PROFILES�FRQVWDQW�IRU�PDS�WDVNV�DQG�JobCon
text.NUM_REDUCE_PROFILES�IRU�UHGXFH�WDVNV�

:KHQ�ZH�UXQ�D�MRE�ZLWK�WKH�PRGLILHG�GULYHU��WKH�SURILOH�RXWSXW�WXUQV�XS�DW�WKH�HQG�RI
WKH�MRE�LQ�WKH�GLUHFWRU\�IURP�ZKLFK�ZH�ODXQFKHG�WKH�MRE��%HFDXVH�ZH�DUH�SURILOLQJ�RQO\
D�IHZ�WDVNV��ZH�FDQ�UXQ�WKH�MRE�RQ�D�VXEVHW�RI�WKH�GDWDVHW�

+HUH¦V�D�VQLSSHW�RI�RQH�RI�WKH�PDSSHU¦V�SURILOH�ILOHV��ZKLFK�VKRZV�WKH�&38�VDPSOLQJ
LQIRUPDWLRQ�

CPU SAMPLES BEGIN (total = 1002) Sat Apr 11 11:17:52 2009
rank   self  accum   count trace method
   1  3.49%  3.49%      35 307969 java.lang.Object.<init>
   2  3.39%  6.89%      34 307954 java.lang.Object.<init>
   3  3.19% 10.08%      32 307945 java.util.regex.Matcher.<init>
   4  3.19% 13.27%      32 307963 java.lang.Object.<init>
   5  3.19% 16.47%      32 307973 java.lang.Object.<init>

&URVV�UHIHUHQFLQJ�WKH�WUDFH�QXPEHU��������JLYHV�XV�WKH�VWDFNWUDFH�IURP�WKH�VDPH�ILOH�

TRACE 307973: (thread=200001)
    java.lang.Object.<init>(Object.java:20)
    org.apache.hadoop.io.IntWritable.<init>(IntWritable.java:29)
    v5.MaxTemperatureMapper.map(MaxTemperatureMapper.java:30)
    v5.MaxTemperatureMapper.map(MaxTemperatureMapper.java:14)
    org.apache.hadoop.mapred.MapRunner.run(MapRunner.java:50)
    org.apache.hadoop.mapred.MapTask.runOldMapper(MapTask.java:356)
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6R�LW�ORRNV�OLNH�WKH�PDSSHU�LV�VSHQGLQJ����RI�LWV�WLPH�FRQVWUXFWLQJ�IntWritable�REMHFWV�
7KLV�REVHUYDWLRQ�PLJKW�OHDG�XV�WR�WU\�UHXVLQJ�WKH�Writable�LQVWDQFHV�EHLQJ�RXWSXW�WR
VHH�ZKHWKHU�WKHUH�LV�DQ\�SHUIRUPDQFH�JDLQ�RQ�RXU�SDUWLFXODU�FOXVWHU�DQG�GDWDVHW��,Q�RQH
H[SHULPHQW��,�FKDQJHG�WKH�PDSSHU�WR�VWRUH�WKH�Writable�REMHFWV�DV�LQVWDQFH�YDULDEOHV�
:KHQ�,�UDQ�WKH�PRGLILHG�SURJUDP�RQ�DQ����QRGH�FOXVWHU��,�GLG�QRW�VHH�D�VWDWLVWLFDOO\
VLJQLILFDQW�GLIIHUHQFH�LQ�RYHUDOO�MRE�H[HFXWLRQ�WLPH��2I�FRXUVH��\RXU�UHVXOWV�PD\�YDU\�

Other profilers
7KH�PHFKDQLVP�IRU�UHWULHYLQJ�SURILOH�RXWSXW�LV�+352)�VSHFLILF��VR�LI�\RX�XVH�DQRWKHU
SURILOHU��\RX�ZLOO�QHHG�WR�PDQXDOO\�UHWULHYH�WKH�SURILOHU¦V�RXWSXW�IURP�WDVNWUDFNHUV�IRU
DQDO\VLV�

,I�WKH�SURILOHU�LV�QRW�LQVWDOOHG�RQ�DOO�WKH�WDVNWUDFNHU�PDFKLQHV��FRQVLGHU�XVLQJ�WKH�'LV�
WULEXWHG�&DFKH� �VHH� £'LVWULEXWHG�&DFKH¤�RQ�SDJH� ����� WR�PDNH� WKH�SURILOHU� ELQDU\
DYDLODEOH�RQ�WKH�UHTXLUHG�PDFKLQHV�

MapReduce Workflows
6R�IDU�LQ�WKLV�FKDSWHU��\RX�KDYH�VHHQ�WKH�PHFKDQLFV�RI�ZULWLQJ�D�SURJUDP�XVLQJ�0DS�
5HGXFH��:H�KDYHQ¦W�\HW�FRQVLGHUHG�KRZ�WR�WXUQ�D�GDWD�SURFHVVLQJ�SUREOHP�LQWR�WKH
0DS5HGXFH�PRGHO�

7KH�GDWD�SURFHVVLQJ�\RX�KDYH�VHHQ�VR�IDU�LQ�WKLV�ERRN�LV�WR�VROYH�D�IDLUO\�VLPSOH�SUREOHP�
ILQGLQJ�WKH�PD[LPXP�UHFRUGHG�WHPSHUDWXUH�IRU�JLYHQ�\HDUV��:KHQ�WKH�SURFHVVLQJ�JHWV
PRUH�FRPSOH[��WKLV�FRPSOH[LW\� LV�JHQHUDOO\�PDQLIHVWHG�E\�KDYLQJ�PRUH�0DS5HGXFH
MREV��UDWKHU�WKDQ�KDYLQJ�PRUH�FRPSOH[�PDS�DQG�UHGXFH�IXQFWLRQV��,Q�RWKHU�ZRUGV��DV
D�UXOH�RI�WKXPE��WKLQN�DERXW�DGGLQJ�PRUH�MREV��UDWKHU�WKDQ�DGGLQJ�FRPSOH[LW\�WR�MREV�

)RU�PRUH�FRPSOH[�SUREOHPV��LW�LV�ZRUWK�FRQVLGHULQJ�D�KLJKHU�OHYHO�ODQJXDJH�WKDQ�0DS�
5HGXFH��VXFK�DV�3LJ��+LYH��&DVFDGLQJ��&DVFDORJ��RU�&UXQFK��2QH�LPPHGLDWH�EHQHILW�LV
WKDW�LW�IUHHV�\RX�IURP�KDYLQJ�WR�GR�WKH�WUDQVODWLRQ�LQWR�0DS5HGXFH�MREV��DOORZLQJ�\RX
WR�FRQFHQWUDWH�RQ�WKH�DQDO\VLV�\RX�DUH�SHUIRUPLQJ�

)LQDOO\��WKH�ERRN�'DWD�,QWHQVLYH�7H[W�3URFHVVLQJ�ZLWK�0DS5HGXFH�E\�-LPP\�/LQ�DQG
&KULV�'\HU��0RUJDQ�	�&OD\SRRO�3XEOLVKHUV��������KWWS���PDSUHGXFH�PH���LV�D�JUHDW�UH�
VRXUFH� IRU� OHDUQLQJ� PRUH� DERXW� 0DS5HGXFH� DOJRULWKP� GHVLJQ� DQG� LV� KLJKO\
UHFRPPHQGHG�

Decomposing a Problem into MapReduce Jobs
/HW¦V�ORRN�DW�DQ�H[DPSOH�RI�D�PRUH�FRPSOH[�SUREOHP�WKDW�ZH�ZDQW�WR�WUDQVODWH�LQWR�D
0DS5HGXFH�ZRUNIORZ�

,PDJLQH�WKDW�ZH�ZDQW�WR�ILQG�WKH�PHDQ�PD[LPXP�UHFRUGHG�WHPSHUDWXUH�IRU�HYHU\�GD\
RI�WKH�\HDU�DQG�HYHU\�ZHDWKHU�VWDWLRQ��,Q�FRQFUHWH�WHUPV��WR�FDOFXODWH�WKH�PHDQ�PD[L�
PXP�GDLO\�WHPSHUDWXUH�UHFRUGHG�E\�VWDWLRQ���������������VD\��RQ�-DQXDU\����ZH�WDNH
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WKH�PHDQ�RI� WKH�PD[LPXP�GDLO\� WHPSHUDWXUHV� IRU� WKLV� VWDWLRQ� IRU� -DQXDU\���������
-DQXDU\����������DQG�VR�RQ��XS�WR�-DQXDU\���������

+RZ�FDQ�ZH� FRPSXWH� WKLV� XVLQJ�0DS5HGXFH"�7KH� FRPSXWDWLRQ�GHFRPSRVHV�PRVW
QDWXUDOO\�LQWR�WZR�VWDJHV�

�� &RPSXWH�WKH�PD[LPXP�GDLO\�WHPSHUDWXUH�IRU�HYHU\�VWDWLRQ�GDWH�SDLU�

7KH�0DS5HGXFH�SURJUDP�LQ�WKLV�FDVH�LV�D�YDULDQW�RI�WKH�PD[LPXP�WHPSHUDWXUH
SURJUDP��H[FHSW�WKDW�WKH�NH\V�LQ�WKLV�FDVH�DUH�D�FRPSRVLWH�VWDWLRQ�GDWH�SDLU��UDWKHU
WKDQ�MXVW�WKH�\HDU�

�� &RPSXWH� WKH�PHDQ� RI� WKH�PD[LPXP�GDLO\� WHPSHUDWXUHV� IRU� HYHU\� VWDWLRQ�GD\�
PRQWK�NH\�

7KH�PDSSHU�WDNHV�WKH�RXWSXW�IURP�WKH�SUHYLRXV�MRE��VWDWLRQ�GDWH��PD[LPXP�WHP�
SHUDWXUH��UHFRUGV�DQG�SURMHFWV�LW�LQWR��VWDWLRQ�GD\�PRQWK��PD[LPXP�WHPSHUDWXUH�
UHFRUGV�E\�GURSSLQJ�WKH�\HDU�FRPSRQHQW��7KH�UHGXFH�IXQFWLRQ�WKHQ�WDNHV�WKH�PHDQ
RI�WKH�PD[LPXP�WHPSHUDWXUHV�IRU�HDFK�VWDWLRQ�GD\�PRQWK�NH\�

7KH�RXWSXW�IURP�WKH�ILUVW�VWDJH�ORRNV�OLNH�WKLV�IRU�WKH�VWDWLRQ�ZH�DUH�LQWHUHVWHG�LQ��WKH
PHDQBPD[BGDLO\BWHPS�VK� VFULSW� LQ� WKH� H[DPSOHV� SURYLGHV� DQ� LPSOHPHQWDWLRQ� LQ
+DGRRS�6WUHDPLQJ��

029070-99999    19010101    0
029070-99999    19020101    -94
...

7KH�ILUVW�WZR�ILHOGV�IRUP�WKH�NH\��DQG�WKH�ILQDO�FROXPQ�LV�WKH�PD[LPXP�WHPSHUDWXUH
IURP�DOO�WKH�UHDGLQJV�IRU�WKH�JLYHQ�VWDWLRQ�DQG�GDWH��7KH�VHFRQG�VWDJH�DYHUDJHV�WKHVH
GDLO\�PD[LPD�RYHU�\HDUV�WR�\LHOG�

029070-99999    0101    -68

ZKLFK�LV�LQWHUSUHWHG�DV�VD\LQJ�WKH�PHDQ�PD[LPXP�GDLO\�WHPSHUDWXUH�RQ�-DQXDU\���IRU
VWDWLRQ��������������RYHU�WKH�FHQWXU\�LV�Û����&�

,W¦V�SRVVLEOH�WR�GR�WKLV�FRPSXWDWLRQ�LQ�RQH�0DS5HGXFH�VWDJH��EXW�LW�WDNHV�PRUH�ZRUN
RQ�WKH�SDUW�RI�WKH�SURJUDPPHU��

7KH�DUJXPHQWV�IRU�KDYLQJ�PRUH��EXW�VLPSOHU��0DS5HGXFH�VWDJHV�DUH�WKDW�GRLQJ�VR�OHDGV
WR�PRUH�FRPSRVDEOH�DQG�PRUH�PDLQWDLQDEOH�PDSSHUV�DQG�UHGXFHUV��7KH�FDVH�VWXGLHV
LQ�&KDSWHU����FRYHU�D�ZLGH�UDQJH�RI�UHDO�ZRUOG�SUREOHPV�WKDW�ZHUH�VROYHG�XVLQJ�0DS�
5HGXFH��DQG�LQ�HDFK�FDVH��WKH�GDWD�SURFHVVLQJ�WDVN�LV�LPSOHPHQWHG�XVLQJ�WZR�RU�PRUH
0DS5HGXFH�MREV��7KH�GHWDLOV�LQ�WKDW�FKDSWHU�DUH�LQYDOXDEOH�IRU�JHWWLQJ�D�EHWWHU�LGHD�RI
KRZ�WR�GHFRPSRVH�D�SURFHVVLQJ�SUREOHP�LQWR�D�0DS5HGXFH�ZRUNIORZ�

,W¦V�SRVVLEOH�WR�PDNH�PDS�DQG�UHGXFH�IXQFWLRQV�HYHQ�PRUH�FRPSRVDEOH�WKDQ�ZH�KDYH
GRQH��$�PDSSHU�FRPPRQO\�SHUIRUPV�LQSXW�IRUPDW�SDUVLQJ��SURMHFWLRQ��VHOHFWLQJ�WKH
UHOHYDQW�ILHOGV���DQG�ILOWHULQJ��UHPRYLQJ�UHFRUGV�WKDW�DUH�QRW�RI�LQWHUHVW���,Q�WKH�PDSSHUV

�� ,W¦V�DQ�LQWHUHVWLQJ�H[HUFLVH�WR�GR�WKLV��+LQW��XVH�£6HFRQGDU\�6RUW¤�RQ�SDJH�����
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\RX�KDYH�VHHQ�VR�IDU��ZH�KDYH�LPSOHPHQWHG�DOO�RI�WKHVH�IXQFWLRQV�LQ�D�VLQJOH�PDSSHU�
+RZHYHU��WKHUH�LV�D�FDVH�IRU�VSOLWWLQJ�WKHVH�LQWR�GLVWLQFW�PDSSHUV�DQG�FKDLQLQJ�WKHP
LQWR� D� VLQJOH�PDSSHU� XVLQJ� WKH� ChainMapper� OLEUDU\� FODVV� WKDW� FRPHV�ZLWK�+DGRRS�
&RPELQHG�ZLWK�D�ChainReducer��\RX�FDQ�UXQ�D�FKDLQ�RI�PDSSHUV��IROORZHG�E\�D�UHGXFHU
DQG�DQRWKHU�FKDLQ�RI�PDSSHUV��LQ�D�VLQJOH�0DS5HGXFH�MRE�

JobControl
:KHQ�WKHUH�LV�PRUH�WKDQ�RQH�MRE�LQ�D�0DS5HGXFH�ZRUNIORZ��WKH�TXHVWLRQ�DULVHV��KRZ
GR�\RX�PDQDJH�WKH�MREV�VR�WKH\�DUH�H[HFXWHG�LQ�RUGHU"�7KHUH�DUH�VHYHUDO�DSSURDFKHV�
DQG�WKH�PDLQ�FRQVLGHUDWLRQ�LV�ZKHWKHU�\RX�KDYH�D�OLQHDU�FKDLQ�RI�MREV�RU�D�PRUH�FRPSOH[
GLUHFWHG�DF\FOLF�JUDSK��'$*��RI�MREV�

)RU�D�OLQHDU�FKDLQ��WKH�VLPSOHVW�DSSURDFK�LV�WR�UXQ�HDFK�MRE�RQH�DIWHU�DQRWKHU��ZDLWLQJ
XQWLO�D�MRE�FRPSOHWHV�VXFFHVVIXOO\�EHIRUH�UXQQLQJ�WKH�QH[W�

JobClient.runJob(conf1);
JobClient.runJob(conf2);

,I�D�MRE�IDLOV��WKH�runJob()�PHWKRG�ZLOO�WKURZ�DQ�IOException��VR�ODWHU�MREV�LQ�WKH�SLSHOLQH
GRQ¦W�JHW�H[HFXWHG��'HSHQGLQJ�RQ�\RXU�DSSOLFDWLRQ��\RX�PLJKW�ZDQW�WR�FDWFK�WKH�H[�
FHSWLRQ�DQG�FOHDQ�XS�DQ\�LQWHUPHGLDWH�GDWD�WKDW�ZDV�SURGXFHG�E\�DQ\�SUHYLRXV�MREV�

7KH�DSSURDFK�LV�VLPLODU�ZLWK�WKH�QHZ�0DS5HGXFH�$3,��H[FHSW�\RX�QHHG�WR�H[DPLQH�WKH
%RROHDQ�UHWXUQ�YDOXH�RI�WKH�waitForCompletion()�PHWKRG�RQ�Job��true�PHDQV�WKH�MRE
VXFFHHGHG��DQG�false�PHDQV�LW�IDLOHG�

)RU�DQ\WKLQJ�PRUH�FRPSOH[�WKDQ�D�OLQHDU�FKDLQ��WKHUH�DUH�OLEUDULHV�WKDW�FDQ�KHOS�RU�
FKHVWUDWH�\RXU�ZRUNIORZ��DOWKRXJK�WKH\�DUH�DOVR�VXLWHG�WR�OLQHDU�FKDLQV��RU�HYHQ�RQH�
RII�MREV���7KH�VLPSOHVW�LV�LQ�WKH�org.apache.hadoop.mapreduce.jobcontrol�SDFNDJH��WKH�
JobControl�FODVV���7KHUH�LV�DQ�HTXLYDOHQW�FODVV�LQ�WKH�org.apache.hadoop.mapred.jobcon
trol�SDFNDJH�WRR���$Q�LQVWDQFH�RI�JobControl�UHSUHVHQWV�D�JUDSK�RI�MREV�WR�EH�UXQ��<RX
DGG�WKH�MRE�FRQILJXUDWLRQV��WKHQ�WHOO�WKH�JobControl�LQVWDQFH�WKH�GHSHQGHQFLHV�EHWZHHQ
MREV��<RX�UXQ�WKH�JobControl�LQ�D�WKUHDG��DQG�LW�UXQV�WKH�MREV�LQ�GHSHQGHQF\�RUGHU��<RX
FDQ�SROO�IRU�SURJUHVV��DQG�ZKHQ�WKH�MREV�KDYH�ILQLVKHG��\RX�FDQ�TXHU\�IRU�DOO�WKH�MREV¦
VWDWXVHV�DQG�WKH�DVVRFLDWHG�HUURUV�IRU�DQ\�IDLOXUHV��,I�D�MRE�IDLOV��JobControl�ZRQ¦W�UXQ
LWV�GHSHQGHQFLHV�

Apache Oozie
$SDFKH�2R]LH�LV�D�V\VWHP�IRU�UXQQLQJ�ZRUNIORZV�RI�GHSHQGHQW�MREV��,W�LV�FRPSRVHG�RI
WZR�PDLQ�SDUWV��D�ZRUNIORZ�HQJLQH�WKDW�VWRUHV�DQG�UXQV�ZRUNIORZV�FRPSRVHG�RI�GLIIHUHQW
W\SHV�RI�+DGRRS�MREV��0DS5HGXFH��3LJ��+LYH��DQG�VR�RQ���DQG�D�FRRUGLQDWRU�HQJLQH�WKDW
UXQV�ZRUNIORZ�MREV�EDVHG�RQ�SUHGHILQHG�VFKHGXOHV�DQG�GDWD�DYDLODELOLW\��2R]LH�KDV�EHHQ
GHVLJQHG�WR�VFDOH��DQG�LW�FDQ�PDQDJH�WKH�WLPHO\�H[HFXWLRQ�RI�WKRXVDQGV�RI�ZRUNIORZV
LQ�D�+DGRRS�FOXVWHU��HDFK�FRPSRVHG�RI�SRVVLEO\�GR]HQV�RI�FRQVWLWXHQW�MREV�
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2R]LH�PDNHV�UHUXQQLQJ�IDLOHG�ZRUNIORZV�PRUH�WUDFWDEOH��VLQFH�QR�WLPH�LV�ZDVWHG�UXQ�
QLQJ�VXFFHVVIXO�SDUWV�RI�D�ZRUNIORZ��$Q\RQH�ZKR�KDV�PDQDJHG�D�FRPSOH[�EDWFK�V\VWHP
NQRZV�KRZ�GLIILFXOW�LW�FDQ�EH�WR�FDWFK�XS�IURP�MREV�PLVVHG�GXH�WR�GRZQWLPH�RU�IDLOXUH�
DQG�ZLOO�DSSUHFLDWH�WKLV�IHDWXUH���)XUWKHUPRUH��FRRUGLQDWRU�DSSOLFDWLRQV�UHSUHVHQWLQJ
D�VLQJOH�GDWD�SLSHOLQH�PD\�EH�SDFNDJHG�LQWR�D�EXQGOH�DQG�UXQ�WRJHWKHU�DV�D�XQLW��

8QOLNH�JobControl��ZKLFK�UXQV�RQ�WKH�FOLHQW�PDFKLQH�VXEPLWWLQJ�WKH�MREV��2R]LH�UXQV
DV�D�VHUYLFH�LQ�WKH�FOXVWHU��DQG�FOLHQWV�VXEPLW�ZRUNIORZ�GHILQLWLRQV�IRU�LPPHGLDWH�RU
ODWHU�H[HFXWLRQ��,Q�2R]LH�SDUODQFH��D�ZRUNIORZ�LV�D�'$*�RI�DFWLRQ�QRGHV�DQG�FRQWURO�
IORZ�QRGHV�

$Q�DFWLRQ�QRGH�SHUIRUPV�D�ZRUNIORZ�WDVN��VXFK�DV�PRYLQJ�ILOHV�LQ�+')6��UXQQLQJ�D
0DS5HGXFH��6WUHDPLQJ��3LJ��RU�+LYH�MRE��SHUIRUPLQJ�D�6TRRS�LPSRUW��RU�UXQQLQJ�DQ
DUELWUDU\�VKHOO�VFULSW�RU�-DYD�SURJUDP��$�FRQWURO�IORZ�QRGH�JRYHUQV�WKH�ZRUNIORZ�H[H�
FXWLRQ�EHWZHHQ�DFWLRQV�E\�DOORZLQJ�VXFK�FRQVWUXFWV�DV�FRQGLWLRQDO�ORJLF��VR�GLIIHUHQW
H[HFXWLRQ�EUDQFKHV�PD\�EH�IROORZHG�GHSHQGLQJ�RQ�WKH�UHVXOW�RI�DQ�HDUOLHU�DFWLRQ�QRGH�
RU�SDUDOOHO�H[HFXWLRQ��:KHQ�WKH�ZRUNIORZ�FRPSOHWHV��2R]LH�FDQ�PDNH�DQ�+773�FDOO�
EDFN� WR� WKH�FOLHQW� WR� LQIRUP� LW�RI� WKH�ZRUNIORZ�VWDWXV�� ,W� LV� DOVR�SRVVLEOH� WR� UHFHLYH
FDOOEDFNV�HYHU\�WLPH�WKH�ZRUNIORZ�HQWHUV�RU�H[LWV�DQ�DFWLRQ�QRGH�

Defining an Oozie workflow
:RUNIORZ�GHILQLWLRQV�DUH�ZULWWHQ�LQ�;0/�XVLQJ�WKH�+DGRRS�3URFHVV�'HILQLWLRQ�/DQ�
JXDJH�� WKH� VSHFLILFDWLRQ� IRU� ZKLFK� FDQ� EH� IRXQG� RQ� WKH� 2R]LH� ZHEVLWH
�KWWS���LQFXEDWRU�DSDFKH�RUJ�RR]LH���� ([DPSOH� ����� VKRZV� D� VLPSOH� 2R]LH� ZRUNIORZ
GHILQLWLRQ�IRU�UXQQLQJ�D�VLQJOH�0DS5HGXFH�MRE�

([DPSOH�������2R]LH�ZRUNIORZ�GHILQLWLRQ�WR�UXQ�WKH�PD[LPXP�WHPSHUDWXUH�0DS5HGXFH�MRE

<workflow-app xmlns="uri:oozie:workflow:0.1" name="max-temp-workflow">
  <start to="max-temp-mr"/>
  <action name="max-temp-mr">
    <map-reduce>
      <job-tracker>${jobTracker}</job-tracker>
      <name-node>${nameNode}</name-node>
      <prepare>
        <delete path="${nameNode}/user/${wf:user()}/output"/>
      </prepare>
      <configuration>
        <property>
          <name>mapred.mapper.class</name>
          <value>OldMaxTemperature$OldMaxTemperatureMapper</value>
        </property>
        <property>
          <name>mapred.combiner.class</name>
          <value>OldMaxTemperature$OldMaxTemperatureReducer</value>
        </property>
        <property>
          <name>mapred.reducer.class</name>
          <value>OldMaxTemperature$OldMaxTemperatureReducer</value>
        </property>
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        <property>
          <name>mapred.output.key.class</name>
          <value>org.apache.hadoop.io.Text</value>
        </property>
        <property>
          <name>mapred.output.value.class</name>
          <value>org.apache.hadoop.io.IntWritable</value>
        </property>        
        <property>
          <name>mapred.input.dir</name>
          <value>/user/${wf:user()}/input/ncdc/micro</value>
        </property>
        <property>
          <name>mapred.output.dir</name>
          <value>/user/${wf:user()}/output</value>
        </property>
      </configuration>
    </map-reduce>
    <ok to="end"/>
    <error to="fail"/>
  </action>
  <kill name="fail">
    <message>MapReduce failed, error message[${wf:errorMessage(wf:lastErrorNode())}]
    </message>
  </kill>
  <end name="end"/>
</workflow-app>

7KLV�ZRUNIORZ�KDV�WKUHH�FRQWURO�IORZ�QRGHV�DQG�RQH�DFWLRQ�QRGH��D�start�FRQWURO�QRGH�
D�map-reduce�DFWLRQ�QRGH��D�kill�FRQWURO�QRGH��DQG�DQ�end�FRQWURO�QRGH��7KH�QRGHV�DQG
DOORZHG�WUDQVLWLRQV�EHWZHHQ�WKHP�DUH�VKRZQ�LQ�)LJXUH�����

$OO�ZRUNIORZV�PXVW�KDYH�RQH�start�DQG�RQH�end�QRGH��:KHQ�WKH�ZRUNIORZ�MRE�VWDUWV�
LW�WUDQVLWLRQV�WR�WKH�QRGH�VSHFLILHG�E\�WKH�start�QRGH��WKH�max-temp-mr�DFWLRQ�LQ�WKLV
H[DPSOH���$�ZRUNIORZ�MRE�VXFFHHGV�ZKHQ�LW�WUDQVLWLRQV�WR�WKH�end�QRGH��+RZHYHU��LI
WKH�ZRUNIORZ�MRE�WUDQVLWLRQV�WR�D�kill�QRGH��LW�LV�FRQVLGHUHG�WR�KDYH�IDLOHG�DQG�UHSRUWV
WKH�DSSURSULDWH�HUURU�PHVVDJH�VSHFLILHG�E\�WKH�message�HOHPHQW�LQ�WKH�ZRUNIORZ�GHIL�
QLWLRQ�

)LJXUH������7UDQVLWLRQ�GLDJUDP�RI�DQ�2R]LH�ZRUNIORZ
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7KH�EXON�RI�WKLV�ZRUNIORZ�GHILQLWLRQ�ILOH�VSHFLILHV�WKH�map-reduce�DFWLRQ��7KH�ILUVW�WZR
HOHPHQWV��job-tracker�DQG�name-node��DUH�XVHG�WR�VSHFLI\�WKH�MREWUDFNHU�WR�VXEPLW�WKH
MRE�WR�DQG�WKH�QDPHQRGH��DFWXDOO\�D�+DGRRS�ILOHV\VWHP�85,��IRU�LQSXW�DQG�RXWSXW�GDWD�
%RWK�DUH�SDUDPHWHUL]HG�VR�WKDW�WKH�ZRUNIORZ�GHILQLWLRQ�LV�QRW�WLHG�WR�D�SDUWLFXODU�FOXVWHU
�ZKLFK�PDNHV�LW�HDV\�WR�WHVW���7KH�SDUDPHWHUV�DUH�VSHFLILHG�DV�ZRUNIORZ�MRE�SURSHUWLHV
DW�VXEPLVVLRQ�WLPH��DV�ZH�VKDOO�VHH�ODWHU�

7KH�RSWLRQDO�prepare�HOHPHQW�UXQV�EHIRUH�WKH�0DS5HGXFH�MRE�DQG�LV�XVHG�IRU�GLUHFWRU\
GHOHWLRQ��DQG�FUHDWLRQ�WRR��LI�QHHGHG��DOWKRXJK�WKDW�LV�QRW�VKRZQ�KHUH���%\�HQVXULQJ
WKDW�WKH�RXWSXW�GLUHFWRU\�LV�LQ�D�FRQVLVWHQW�VWDWH�EHIRUH�UXQQLQJ�D�MRE��2R]LH�FDQ�VDIHO\
UHUXQ�WKH�DFWLRQ�LI�WKH�MRE�IDLOV�

7KH�0DS5HGXFH�MRE�WR�UXQ�LV�VSHFLILHG�LQ�WKH�configuration�HOHPHQW�XVLQJ�QHVWHG�HOH�
PHQWV�IRU�VSHFLI\LQJ�WKH�+DGRRS�FRQILJXUDWLRQ�QDPH�YDOXH�SDLUV��<RX�FDQ�YLHZ�WKH
0DS5HGXFH�FRQILJXUDWLRQ�VHFWLRQ�DV�D�GHFODUDWLYH�UHSODFHPHQW�IRU�WKH�GULYHU�FODVVHV
WKDW�ZH�KDYH�XVHG�HOVHZKHUH�LQ�WKLV�ERRN�IRU�UXQQLQJ�0DS5HGXFH�SURJUDPV��VXFK�DV
([DPSOH������

7KHUH� DUH� WZR� QRQVWDQGDUG� +DGRRS� SURSHUWLHV�� mapred.input.dir� DQG� mapred.out
put.dir��ZKLFK�DUH�XVHG�WR�VHW�WKH�FileInputFormat�LQSXW�SDWKV�DQG�FileOutputFormat
RXWSXW�SDWK��UHVSHFWLYHO\�

:H�KDYH�WDNHQ�DGYDQWDJH�RI�-63�([SUHVVLRQ�/DQJXDJH��(/��V\QWD[�LQ�VHYHUDO�SODFHV�LQ
WKH�ZRUNIORZ�GHILQLWLRQ��2R]LH� SURYLGHV� D� VHW� RI� IXQFWLRQV� IRU� LQWHUDFWLQJ�ZLWK� WKH
ZRUNIORZ��)RU�H[DPSOH��${wf:user()}� UHWXUQV�WKH�QDPH�RI�WKH�XVHU�ZKR�VWDUWHG�WKH
FXUUHQW�ZRUNIORZ�MRE��DQG�ZH�XVH�LW�WR�VSHFLI\�WKH�FRUUHFW�ILOHV\VWHP�SDWK��7KH�2R]LH
VSHFLILFDWLRQ�OLVWV�DOO�WKH�(/�IXQFWLRQV�WKDW�2R]LH�VXSSRUWV�

Packaging and deploying an Oozie workflow application
$�ZRUNIORZ�DSSOLFDWLRQ�LV�PDGH�XS�RI�WKH�ZRUNIORZ�GHILQLWLRQ�SOXV�DOO�WKH�DVVRFLDWHG
UHVRXUFHV��VXFK�DV�0DS5HGXFH�-$5�ILOHV��3LJ�VFULSWV��DQG�VR�RQ��QHHGHG�WR�UXQ�LW��$S�
SOLFDWLRQV�PXVW�DGKHUH�WR�D�VLPSOH�GLUHFWRU\�VWUXFWXUH��DQG�DUH�GHSOR\HG�WR�+')6�VR
WKDW�WKH\�FDQ�EH�DFFHVVHG�E\�2R]LH��)RU�WKLV�ZRUNIORZ�DSSOLFDWLRQ��ZH¦OO�SXW�DOO�RI�WKH
ILOHV�LQ�D�EDVH�GLUHFWRU\�FDOOHG�PD[�WHPS�ZRUNIORZ��DV�VKRZQ�GLDJUDPPDWLFDOO\�KHUH�

max-temp-workflow/
Ōņņ�lib/
Ň   Ŋņņ�hadoop-examples.jar
Ŋņņ�workflow.xml
��������

7KH�ZRUNIORZ�GHILQLWLRQ�ILOH�ZRUNIORZ�[PO�PXVW�DSSHDU�LQ�WKH�WRS�OHYHO�RI�WKLV�GLUHFWRU\�
-$5�ILOHV�FRQWDLQLQJ�WKH�DSSOLFDWLRQ¦V�0DS5HGXFH�FODVVHV�DUH�SODFHG�LQ�WKH�OLE�GLUHFWRU\�

:RUNIORZ�DSSOLFDWLRQV�WKDW�FRQIRUP�WR�WKLV�OD\RXW�FDQ�EH�EXLOW�ZLWK�DQ\�VXLWDEOH�EXLOG
WRRO��VXFK�DV�$QW�RU�0DYHQ��\RX�FDQ�ILQG�DQ�H[DPSOH�LQ�WKH�FRGH�WKDW�DFFRPSDQLHV�WKLV
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ERRN��2QFH�DQ�DSSOLFDWLRQ�KDV�EHHQ�EXLOW��LW�VKRXOG�EH�FRSLHG�WR�+')6�XVLQJ�UHJXODU
+DGRRS�WRROV��+HUH�LV�WKH�DSSURSULDWH�FRPPDQG�IRU�WKLV�DSSOLFDWLRQ�

% hadoop fs -put hadoop-examples/target/max-temp-workflow max-temp-workflow

Running an Oozie workflow job
1H[W��OHW¦V�VHH�KRZ�WR�UXQ�D�ZRUNIORZ�MRE�IRU�WKH�DSSOLFDWLRQ�ZH�MXVW�XSORDGHG��)RU�WKLV
ZH�XVH�WKH�oozie�FRPPDQG�OLQH�WRRO��D�FOLHQW�SURJUDP�IRU�FRPPXQLFDWLQJ�ZLWK�DQ�2R]LH
VHUYHU�� )RU� FRQYHQLHQFH�ZH� H[SRUW� WKH� OOZIE_URL� HQYLURQPHQW� YDULDEOH� WR� WHOO� WKH�
oozie�FRPPDQG�ZKLFK�2R]LH�VHUYHU�WR�XVH��KHUH�ZH¦UH�XVLQJ�RQH�UXQQLQJ�ORFDOO\��

% export OOZIE_URL="http://localhost:11000/oozie"

7KHUH�DUH�ORWV�RI�VXEFRPPDQGV�IRU�WKH�oozie�WRRO��W\SH�oozie help�WR�JHW�D�OLVW���EXW
ZH¦UH�JRLQJ�WR�FDOO�WKH�job�VXEFRPPDQG�ZLWK�WKH�-run�RSWLRQ�WR�UXQ�WKH�ZRUNIORZ�MRE�

% oozie job -config ch05/src/main/resources/max-temp-workflow.properties -run
job: 0000009-120119174508294-oozie-tom-W

7KH�-config�RSWLRQ�VSHFLILHV�D�ORFDO�-DYD�SURSHUWLHV�ILOH�FRQWDLQLQJ�GHILQLWLRQV�IRU�WKH
SDUDPHWHUV�LQ�WKH�ZRUNIORZ�;0/�ILOH��LQ�WKLV�FDVH��nameNode�DQG�jobTracker���DV�ZHOO
DV�oozie.wf.application.path��ZKLFK�WHOOV�2R]LH�WKH�ORFDWLRQ�RI�WKH�ZRUNIORZ�DSSOL�
FDWLRQ�LQ�+')6��+HUH�DUH�WKH�FRQWHQWV�RI�WKH�SURSHUWLHV�ILOH�

nameNode=hdfs://localhost:8020
jobTracker=localhost:8021
oozie.wf.application.path=${nameNode}/user/${user.name}/max-temp-workflow

7R�JHW� LQIRUPDWLRQ�DERXW� WKH�VWDWXV�RI� WKH�ZRUNIORZ� MRE��ZH�XVH� WKH�-info�RSWLRQ�
VSHFLI\LQJ�WKH�MRE�,'�WKDW�ZDV�SULQWHG�E\�WKH�UXQ�FRPPDQG�HDUOLHU��W\SH�oozie job�WR
JHW�D�OLVW�RI�DOO�MREV��

% oozie job -info 0000009-120119174508294-oozie-tom-W

7KH�RXWSXW�VKRZV�WKH�VWDWXV��RUNNING��KILLED��RU�SUCCEEDED��<RX�FDQ�ILQG�DOO�WKLV�LQ�
IRUPDWLRQ�YLD�2R]LH¦V�ZHE�8,�WRR��DYDLODEOH�DW�KWWS���ORFDOKRVW�������RR]LH�

:KHQ�WKH�MRE�KDV�VXFFHHGHG��ZH�FDQ�LQVSHFW�WKH�UHVXOWV�LQ�WKH�XVXDO�ZD\�

% hadoop fs -cat output/part-*
1949    111
1950    22

7KLV�H[DPSOH�RQO\�VFUDWFKHG�WKH�VXUIDFH�RI�ZULWLQJ�2R]LH�ZRUNIORZV��7KH�GRFXPHQ�
WDWLRQ�RQ�2R]LH¦V�ZHEVLWH�KDV�LQIRUPDWLRQ�DERXW�FUHDWLQJ�PRUH�FRPSOH[�ZRUNIORZV��DV
ZHOO�DV�ZULWLQJ�DQG�UXQQLQJ�FRRUGLQDWRU�MREV�
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CHAPTER 6

How MapReduce Works

,Q�WKLV�FKDSWHU��ZH�ORRN�DW�KRZ�0DS5HGXFH�LQ�+DGRRS�ZRUNV�LQ�GHWDLO��7KLV�NQRZOHGJH
SURYLGHV�D�JRRG�IRXQGDWLRQ�IRU�ZULWLQJ�PRUH�DGYDQFHG�0DS5HGXFH�SURJUDPV��ZKLFK
ZH�ZLOO�FRYHU�LQ�WKH�IROORZLQJ�WZR�FKDSWHUV�

Anatomy of a MapReduce Job Run
<RX�FDQ�UXQ�D�0DS5HGXFH�MRE�ZLWK�D�VLQJOH�PHWKRG�FDOO��submit()�RQ�D�Job�REMHFW��QRWH
WKDW�\RX�FDQ�DOVR�FDOO�waitForCompletion()��ZKLFK�VXEPLWV� WKH� MRE� LI� LW�KDVQ¦W�EHHQ
VXEPLWWHG�DOUHDG\��WKHQ�ZDLWV�IRU�LW�WR�ILQLVK����7KLV�PHWKRG�FDOO�FRQFHDOV�D�JUHDW�GHDO
RI�SURFHVVLQJ�EHKLQG�WKH�VFHQHV��7KLV�VHFWLRQ�XQFRYHUV�WKH�VWHSV�+DGRRS�WDNHV�WR�UXQ
D�MRE�

:H�VDZ�LQ�&KDSWHU���WKDW�WKH�ZD\�+DGRRS�H[HFXWHV�D�0DS5HGXFH�SURJUDP�GHSHQGV
RQ�D�FRXSOH�RI�FRQILJXUDWLRQ�VHWWLQJV�

,Q� YHUVLRQV� RI� +DGRRS� XS� WR� DQG� LQFOXGLQJ� WKH� ����� UHOHDVH� VHULHV�� mapred.
job.tracker�GHWHUPLQHV�WKH�PHDQV�RI�H[HFXWLRQ��,I�WKLV�FRQILJXUDWLRQ�SURSHUW\�LV�VHW�WR
local��WKH�GHIDXOW���WKH�ORFDO�MRE�UXQQHU�LV�XVHG��7KLV�UXQQHU�UXQV�WKH�ZKROH�MRE�LQ�D
VLQJOH�-90��,W¦V�GHVLJQHG�IRU�WHVWLQJ�DQG�IRU�UXQQLQJ�0DS5HGXFH�SURJUDPV�RQ�VPDOO
GDWDVHWV�

$OWHUQDWLYHO\��LI�mapred.job.tracker�LV�VHW�WR�D�FRORQ�VHSDUDWHG�KRVW�DQG�SRUW�SDLU��WKHQ
WKH�SURSHUW\�LV�LQWHUSUHWHG�DV�D�MREWUDFNHU�DGGUHVV��DQG�WKH�UXQQHU�VXEPLWV�WKH�MRE�WR
WKH� MREWUDFNHU�DW� WKDW�DGGUHVV��7KH�ZKROH�SURFHVV� LV�GHVFULEHG� LQ�GHWDLO� LQ� WKH�QH[W
VHFWLRQ�

,Q�+DGRRS������D�QHZ�0DS5HGXFH�LPSOHPHQWDWLRQ�ZDV�LQWURGXFHG��7KH�QHZ�LPSOH�
PHQWDWLRQ��FDOOHG�0DS5HGXFH����LV�EXLOW�RQ�D�V\VWHP�FDOOHG�<$51��GHVFULEHG�LQ�£<$51
�0DS5HGXFH���¤�RQ�SDJH������)RU�QRZ��MXVW�QRWH�WKDW�WKH�IUDPHZRUN�WKDW�LV�XVHG�IRU
H[HFXWLRQ� LV� VHW� E\� WKH� mapreduce.framework.name� SURSHUW\��ZKLFK� WDNHV� WKH� YDOXHV

�� ,Q�WKH�ROG�0DS5HGXFH�$3,��\RX�FDQ�FDOO�JobClient.submitJob(conf)�RU�JobClient.runJob(conf)�

189



local��IRU�WKH�ORFDO�MRE�UXQQHU���classic��IRU�WKH�£FODVVLF¤�0DS5HGXFH�IUDPHZRUN��DOVR
FDOOHG�0DS5HGXFH����ZKLFK�XVHV�D�MREWUDFNHU�DQG�WDVNWUDFNHUV���DQG�yarn��IRU�WKH�QHZ
IUDPHZRUN��

,W¦V�LPSRUWDQW�WR�UHDOL]H�WKDW�WKH�ROG�DQG�QHZ�0DS5HGXFH�$3,V�DUH�QRW
WKH�VDPH�WKLQJ�DV�WKH�FODVVLF�DQG�<$51�EDVHG�0DS5HGXFH�LPSOHPHQ�
WDWLRQV� �0DS5HGXFH���DQG���� UHVSHFWLYHO\���7KH�$3,V� DUH�XVHU�IDFLQJ
FOLHQW�VLGH�IHDWXUHV�DQG�GHWHUPLQH�KRZ�\RX�ZULWH�0DS5HGXFH�SURJUDPV�
ZKHUHDV�WKH�LPSOHPHQWDWLRQV�DUH�MXVW�GLIIHUHQW�ZD\V�RI�UXQQLQJ�0DS�
5HGXFH�SURJUDPV��$OO�IRXU�FRPELQDWLRQV�DUH�VXSSRUWHG��ERWK�WKH�ROG
DQG�QHZ�$3,�UXQ�RQ�ERWK�0DS5HGXFH���DQG����7DEOH�����OLVWV�ZKLFK�RI
WKHVH�FRPELQDWLRQV�DUH�VXSSRUWHG�LQ�WKH�GLIIHUHQW�+DGRRS�UHOHDVHV�

Classic MapReduce (MapReduce 1)
$�MRE�UXQ�LQ�FODVVLF�0DS5HGXFH�LV�LOOXVWUDWHG�LQ�)LJXUH������$W�WKH�KLJKHVW�OHYHO��WKHUH
DUH�IRXU�LQGHSHQGHQW�HQWLWLHV�

� 7KH�FOLHQW��ZKLFK�VXEPLWV�WKH�0DS5HGXFH�MRE�

� 7KH�MREWUDFNHU��ZKLFK�FRRUGLQDWHV�WKH�MRE�UXQ��7KH�MREWUDFNHU�LV�D�-DYD�DSSOLFDWLRQ
ZKRVH�PDLQ�FODVV�LV�JobTracker�

� 7KH�WDVNWUDFNHUV��ZKLFK�UXQ�WKH�WDVNV�WKDW�WKH�MRE�KDV�EHHQ�VSOLW�LQWR��7DVNWUDFNHUV
DUH�-DYD�DSSOLFDWLRQV�ZKRVH�PDLQ�FODVV�LV�TaskTracker�

� 7KH�GLVWULEXWHG�ILOHV\VWHP��QRUPDOO\�+')6��FRYHUHG�LQ�&KDSWHU�����ZKLFK�LV�XVHG
IRU�VKDULQJ�MRE�ILOHV�EHWZHHQ�WKH�RWKHU�HQWLWLHV�

Job submission
7KH�submit()�PHWKRG�RQ�Job�FUHDWHV�DQ�LQWHUQDO�JobSummitter�LQVWDQFH�DQG�FDOOV�sub
mitJobInternal()�RQ�LW��VWHS���LQ�)LJXUH�������+DYLQJ�VXEPLWWHG�WKH�MRE��waitForCom
pletion()�SROOV�WKH�MRE¦V�SURJUHVV�RQFH�SHU�VHFRQG�DQG�UHSRUWV�WKH�SURJUHVV�WR�WKH�FRQ�
VROH�LI�LW�KDV�FKDQJHG�VLQFH�WKH�ODVW�UHSRUW��:KHQ�WKH�MRE�FRPSOHWHV�VXFFHVVIXOO\��WKH
MRE�FRXQWHUV�DUH�GLVSOD\HG��2WKHUZLVH��WKH�HUURU�WKDW�FDXVHG�WKH�MRE�WR�IDLO�LV�ORJJHG�WR
WKH�FRQVROH�

7KH�MRE�VXEPLVVLRQ�SURFHVV�LPSOHPHQWHG�E\�JobSummitter�GRHV�WKH�IROORZLQJ�

� $VNV�WKH�MREWUDFNHU�IRU�D�QHZ�MRE�,'��E\�FDOOLQJ�getNewJobId()�RQ�JobTracker���VWHS
���

� &KHFNV�WKH�RXWSXW�VSHFLILFDWLRQ�RI�WKH�MRE��)RU�H[DPSOH��LI�WKH�RXWSXW�GLUHFWRU\�KDV
QRW�EHHQ�VSHFLILHG�RU� LW�DOUHDG\�H[LVWV�� WKH� MRE� LV�QRW� VXEPLWWHG�DQG�DQ�HUURU� LV
WKURZQ�WR�WKH�0DS5HGXFH�SURJUDP�

� &RPSXWHV�WKH�LQSXW�VSOLWV�IRU�WKH�MRE��,I�WKH�VSOLWV�FDQQRW�EH�FRPSXWHG��EHFDXVH
WKH�LQSXW�SDWKV�GRQ¦W�H[LVW��IRU�H[DPSOH���WKH�MRE�LV�QRW�VXEPLWWHG�DQG�DQ�HUURU�LV
WKURZQ�WR�WKH�0DS5HGXFH�SURJUDP�
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)LJXUH������+RZ�+DGRRS�UXQV�D�0DS5HGXFH�MRE�XVLQJ�WKH�FODVVLF�IUDPHZRUN

� &RSLHV�WKH�UHVRXUFHV�QHHGHG�WR�UXQ�WKH�MRE��LQFOXGLQJ�WKH�MRE�-$5�ILOH��WKH�FRQILJ�
XUDWLRQ� ILOH�� DQG� WKH� FRPSXWHG� LQSXW� VSOLWV�� WR� WKH� MREWUDFNHU¦V� ILOHV\VWHP� LQ� D
GLUHFWRU\�QDPHG�DIWHU�WKH�MRE�,'��7KH�MRE�-$5�LV�FRSLHG�ZLWK�D�KLJK�UHSOLFDWLRQ
IDFWRU��FRQWUROOHG�E\�WKH�mapred.submit.replication�SURSHUW\��ZKLFK�GHIDXOWV�WR
����VR�WKDW�WKHUH�DUH�ORWV�RI�FRSLHV�DFURVV�WKH�FOXVWHU�IRU�WKH�WDVNWUDFNHUV�WR�DFFHVV
ZKHQ�WKH\�UXQ�WDVNV�IRU�WKH�MRE��VWHS����

� 7HOOV�WKH�MREWUDFNHU�WKDW�WKH�MRE�LV�UHDG\�IRU�H[HFXWLRQ�E\�FDOOLQJ�submitJob()�RQ�
JobTracker��VWHS����

Job initialization
:KHQ�WKH�JobTracker�UHFHLYHV�D�FDOO�WR�LWV�submitJob()�PHWKRG��LW�SXWV�LW�LQWR�DQ�LQWHUQDO
TXHXH�IURP�ZKHUH�WKH�MRE�VFKHGXOHU�ZLOO�SLFN�LW�XS�DQG�LQLWLDOL]H�LW��,QLWLDOL]DWLRQ�LQYROYHV
FUHDWLQJ�DQ�REMHFW� WR�UHSUHVHQW�WKH� MRE�EHLQJ�UXQ��ZKLFK�HQFDSVXODWHV� LWV� WDVNV��DQG
ERRNNHHSLQJ�LQIRUPDWLRQ�WR�NHHS�WUDFN�RI�WKH�VWDWXV�DQG�SURJUHVV�RI�LWV�WDVNV��VWHS����

7R�FUHDWH�WKH�OLVW�RI�WDVNV�WR�UXQ��WKH�MRE�VFKHGXOHU�ILUVW�UHWULHYHV�WKH�LQSXW�VSOLWV�FRP�
SXWHG�E\�WKH�FOLHQW�IURP�WKH�VKDUHG�ILOHV\VWHP��VWHS�����,W�WKHQ�FUHDWHV�RQH�PDS�WDVN�IRU
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HDFK� VSOLW�� 7KH� QXPEHU� RI� UHGXFH� WDVNV� WR� FUHDWH� LV� GHWHUPLQHG� E\� WKH�
mapred.reduce.tasks� SURSHUW\� LQ� WKH� Job�� ZKLFK� LV� VHW� E\� WKH� setNumReduceTasks()
PHWKRG��DQG�WKH�VFKHGXOHU�VLPSO\�FUHDWHV�WKLV�QXPEHU�RI�UHGXFH�WDVNV�WR�EH�UXQ��7DVNV
DUH�JLYHQ�,'V�DW�WKLV�SRLQW�

,Q�DGGLWLRQ�WR�WKH�PDS�DQG�UHGXFH�WDVNV��WZR�IXUWKHU�WDVNV�DUH�FUHDWHG��D�MRE�VHWXS�WDVN
DQG�D�MRE�FOHDQXS�WDVN��7KHVH�DUH�UXQ�E\�WDVNWUDFNHUV�DQG�DUH�XVHG�WR�UXQ�FRGH�WR�VHW
XS� WKH� MRE�EHIRUH� DQ\�PDS� WDVNV� UXQ�� DQG� WR� FOHDQXS�DIWHU� DOO� WKH� UHGXFH� WDVNV� DUH
FRPSOHWH��7KH�OutputCommitter�WKDW�LV�FRQILJXUHG�IRU�WKH�MRE�GHWHUPLQHV�WKH�FRGH�WR
EH�UXQ��DQG�E\�GHIDXOW�WKLV�LV�D�FileOutputCommitter��)RU�WKH�MRE�VHWXS�WDVN�LW�ZLOO�FUHDWH
WKH�ILQDO�RXWSXW�GLUHFWRU\�IRU�WKH�MRE�DQG�WKH�WHPSRUDU\�ZRUNLQJ�VSDFH�IRU�WKH�WDVN
RXWSXW��DQG�IRU�WKH�MRE�FOHDQXS�WDVN�LW�ZLOO�GHOHWH�WKH�WHPSRUDU\�ZRUNLQJ�VSDFH�IRU�WKH
WDVN�RXWSXW��7KH�FRPPLW�SURWRFRO� LV�GHVFULEHG� LQ�PRUH�GHWDLO� LQ�£2XWSXW�&RPPLW�
WHUV¤�RQ�SDJH�����

Task assignment
7DVNWUDFNHUV�UXQ�D�VLPSOH�ORRS�WKDW�SHULRGLFDOO\�VHQGV�KHDUWEHDW�PHWKRG�FDOOV�WR�WKH
MREWUDFNHU��+HDUWEHDWV�WHOO�WKH�MREWUDFNHU�WKDW�D�WDVNWUDFNHU�LV�DOLYH��EXW�WKH\�DOVR�GRXEOH
DV�D�FKDQQHO�IRU�PHVVDJHV��$V�D�SDUW�RI�WKH�KHDUWEHDW��D�WDVNWUDFNHU�ZLOO�LQGLFDWH�ZKHWKHU
LW�LV�UHDG\�WR�UXQ�D�QHZ�WDVN��DQG�LI�LW�LV��WKH�MREWUDFNHU�ZLOO�DOORFDWH�LW�D�WDVN��ZKLFK�LW
FRPPXQLFDWHV�WR�WKH�WDVNWUDFNHU�XVLQJ�WKH�KHDUWEHDW�UHWXUQ�YDOXH��VWHS����

%HIRUH�LW�FDQ�FKRRVH�D�WDVN�IRU�WKH�WDVNWUDFNHU��WKH�MREWUDFNHU�PXVW�FKRRVH�D�MRE�WR�VHOHFW
WKH�WDVN�IURP��7KHUH�DUH�YDULRXV�VFKHGXOLQJ�DOJRULWKPV��DV�H[SODLQHG�ODWHU�LQ�WKLV�FKDSWHU
�VHH�£-RE�6FKHGXOLQJ¤�RQ�SDJH�������EXW�WKH�GHIDXOW�RQH�VLPSO\�PDLQWDLQV�D�SULRULW\
OLVW�RI�MREV��+DYLQJ�FKRVHQ�D�MRE��WKH�MREWUDFNHU�QRZ�FKRRVHV�D�WDVN�IRU�WKH�MRE�

7DVNWUDFNHUV�KDYH�D�IL[HG�QXPEHU�RI�VORWV�IRU�PDS�WDVNV�DQG�IRU�UHGXFH�WDVNV��DQG�WKHVH
DUH�VHW�LQGHSHQGHQWO\��)RU�H[DPSOH��D�WDVNWUDFNHU�PD\�EH�FRQILJXUHG�WR�UXQ�WZR�PDS
WDVNV�DQG�WZR�UHGXFH�WDVNV�VLPXOWDQHRXVO\���7KH�SUHFLVH�QXPEHU�GHSHQGV�RQ�WKH�QXP�
EHU� RI� FRUHV� DQG� WKH� DPRXQW� RI� PHPRU\� RQ� WKH� WDVNWUDFNHU�� VHH� £0HP�
RU\¤�RQ�SDJH�������,Q�WKH�FRQWH[W�RI�D�JLYHQ�MRE��WKH�GHIDXOW�VFKHGXOHU�ILOOV�HPSW\�PDS
WDVN�VORWV�EHIRUH�UHGXFH�WDVN�VORWV��6R�LI�WKH�WDVNWUDFNHU�KDV�DW�OHDVW�RQH�HPSW\�PDS�WDVN
VORW��WKH�MREWUDFNHU�ZLOO�VHOHFW�D�PDS�WDVN��RWKHUZLVH��LW�ZLOO�VHOHFW�D�UHGXFH�WDVN�

7R�FKRRVH�D�UHGXFH�WDVN��WKH�MREWUDFNHU�VLPSO\�WDNHV�WKH�QH[W�LQ�LWV�OLVW�RI�\HW�WR�EH�UXQ
UHGXFH�WDVNV��VLQFH�WKHUH�DUH�QR�GDWD�ORFDOLW\�FRQVLGHUDWLRQV��)RU�D�PDS�WDVN��KRZHYHU�
LW�WDNHV�LQWR�DFFRXQW�WKH�WDVNWUDFNHU¦V�QHWZRUN�ORFDWLRQ�DQG�SLFNV�D�WDVN�ZKRVH�LQSXW
VSOLW� LV�DV�FORVH�DV�SRVVLEOH� WR� WKH� WDVNWUDFNHU�� ,Q� WKH�RSWLPDO�FDVH�� WKH� WDVN� LV�GDWD�
ORFDO��WKDW�LV��UXQQLQJ�RQ�WKH�VDPH�QRGH�WKDW�WKH�VSOLW�UHVLGHV�RQ��$OWHUQDWLYHO\��WKH�WDVN
PD\�EH�UDFN�ORFDO��RQ�WKH�VDPH�UDFN��EXW�QRW�WKH�VDPH�QRGH��DV�WKH�VSOLW��6RPH�WDVNV
DUH�QHLWKHU�GDWD�ORFDO�QRU�UDFN�ORFDO�DQG�UHWULHYH�WKHLU�GDWD�IURP�D�GLIIHUHQW�UDFN�WKDQ
WKH�RQH�WKH\�DUH�UXQQLQJ�RQ��<RX�FDQ�WHOO�WKH�SURSRUWLRQ�RI�HDFK�W\SH�RI�WDVN�E\�ORRNLQJ
DW�D�MRE¦V�FRXQWHUV��VHH�£%XLOW�LQ�&RXQWHUV¤�RQ�SDJH������
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Task execution
1RZ�WKDW�WKH�WDVNWUDFNHU�KDV�EHHQ�DVVLJQHG�D�WDVN��WKH�QH[W�VWHS�LV�IRU�LW�WR�UXQ�WKH�WDVN�
)LUVW��LW�ORFDOL]HV�WKH�MRE�-$5�E\�FRS\LQJ�LW�IURP�WKH�VKDUHG�ILOHV\VWHP�WR�WKH�WDVNWUDFNHU¦V
ILOHV\VWHP��,W�DOVR�FRSLHV�DQ\�ILOHV�QHHGHG�IURP�WKH�GLVWULEXWHG�FDFKH�E\�WKH�DSSOLFDWLRQ
WR�WKH�ORFDO�GLVN��VHH�£'LVWULEXWHG�&DFKH¤�RQ�SDJH������VWHS�����6HFRQG��LW�FUHDWHV�D
ORFDO�ZRUNLQJ�GLUHFWRU\�IRU�WKH�WDVN�DQG�£XQ�MDUV¤�WKH�FRQWHQWV�RI�WKH�-$5�LQWR�WKLV
GLUHFWRU\��7KLUG��LW�FUHDWHV�DQ�LQVWDQFH�RI�TaskRunner�WR�UXQ�WKH�WDVN�

TaskRunner�ODXQFKHV�D�QHZ�-DYD�9LUWXDO�0DFKLQH��-90��VWHS����WR�UXQ�HDFK�WDVN�LQ��VWHS
�����VR�WKDW�DQ\�EXJV�LQ�WKH�XVHU�GHILQHG�PDS�DQG�UHGXFH�IXQFWLRQV�GRQ¦W�DIIHFW�WKH
WDVNWUDFNHU��E\�FDXVLQJ�LW�WR�FUDVK�RU�KDQJ��IRU�H[DPSOH���+RZHYHU�� LW� LV�SRVVLEOH�WR
UHXVH�WKH�-90�EHWZHHQ�WDVNV��VHH�£7DVN�-90�5HXVH¤�RQ�SDJH�����

7KH�FKLOG�SURFHVV�FRPPXQLFDWHV�ZLWK�LWV�SDUHQW�WKURXJK�WKH�XPELOLFDO�LQWHUIDFH��,W�LQ�
IRUPV�WKH�SDUHQW�RI�WKH�WDVN¦V�SURJUHVV�HYHU\�IHZ�VHFRQGV�XQWLO�WKH�WDVN�LV�FRPSOHWH�

(DFK�WDVN�FDQ�SHUIRUP�VHWXS�DQG�FOHDQXS�DFWLRQV��ZKLFK�DUH�UXQ�LQ�WKH�VDPH�-90�DV
WKH� WDVN� LWVHOI� DQG�DUH�GHWHUPLQHG�E\� WKH�OutputCommitter� IRU� WKH� MRE� �VHH�£2XWSXW
&RPPLWWHUV¤�RQ�SDJH�������7KH�FOHDQXS�DFWLRQ�LV�XVHG�WR�FRPPLW�WKH�WDVN��ZKLFK�LQ
WKH�FDVH�RI�ILOH�EDVHG�MREV�PHDQV�WKDW�LWV�RXWSXW�LV�ZULWWHQ�WR�WKH�ILQDO�ORFDWLRQ�IRU�WKDW
WDVN��7KH�FRPPLW�SURWRFRO�HQVXUHV� WKDW�ZKHQ�VSHFXODWLYH�H[HFXWLRQ� LV�HQDEOHG��VHH
£6SHFXODWLYH�([HFXWLRQ¤�RQ�SDJH�������RQO\�RQH�RI�WKH�GXSOLFDWH�WDVNV�LV�FRPPLWWHG
DQG�WKH�RWKHU�LV�DERUWHG�

%RWK�6WUHDPLQJ�DQG�3LSHV�UXQ�VSHFLDO�PDS�DQG�UHGXFH�WDVNV�IRU�WKH
SXUSRVH�RI�ODXQFKLQJ�WKH�XVHU�VXSSOLHG�H[HFXWDEOH�DQG�FRPPXQLFDWLQJ�ZLWK�LW��)LJ�
XUH������

,Q�WKH�FDVH�RI�6WUHDPLQJ��WKH�6WUHDPLQJ�WDVN�FRPPXQLFDWHV�ZLWK�WKH�SURFHVV��ZKLFK
PD\�EH�ZULWWHQ�LQ�DQ\�ODQJXDJH��XVLQJ�VWDQGDUG�LQSXW�DQG�RXWSXW�VWUHDPV��7KH�3LSHV
WDVN��RQ�WKH�RWKHU�KDQG��OLVWHQV�RQ�D�VRFNHW�DQG�SDVVHV�WKH�&���SURFHVV�D�SRUW�QXPEHU
LQ�LWV�HQYLURQPHQW�VR�WKDW�RQ�VWDUWXS��WKH�&���SURFHVV�FDQ�HVWDEOLVK�D�SHUVLVWHQW�VRFNHW
FRQQHFWLRQ�EDFN�WR�WKH�SDUHQW�-DYD�3LSHV�WDVN�

,Q�ERWK�FDVHV��GXULQJ�H[HFXWLRQ�RI�WKH�WDVN��WKH�-DYD�SURFHVV�SDVVHV�LQSXW�NH\�YDOXH
SDLUV�WR�WKH�H[WHUQDO�SURFHVV��ZKLFK�UXQV�LW�WKURXJK�WKH�XVHU�GHILQHG�PDS�RU�UHGXFH
IXQFWLRQ�DQG�SDVVHV� WKH�RXWSXW�NH\�YDOXH�SDLUV�EDFN� WR� WKH� -DYD�SURFHVV��)URP� WKH
WDVNWUDFNHU¦V�SRLQW�RI�YLHZ��LW�LV�DV�LI�WKH�WDVNWUDFNHU�FKLOG�SURFHVV�UDQ�WKH�PDS�RU�UHGXFH
FRGH�LWVHOI�

Progress and status updates
0DS5HGXFH�MREV�DUH�ORQJ�UXQQLQJ�EDWFK�MREV��WDNLQJ�DQ\WKLQJ�IURP�PLQXWHV�WR�KRXUV
WR�UXQ��%HFDXVH�WKLV�LV�D�VLJQLILFDQW�OHQJWK�RI�WLPH��LW¦V�LPSRUWDQW�IRU�WKH�XVHU�WR�JHW
IHHGEDFN�RQ�KRZ�WKH�MRE�LV�SURJUHVVLQJ��$�MRE�DQG�HDFK�RI�LWV�WDVNV�KDYH�D�VWDWXV��ZKLFK
LQFOXGHV�VXFK�WKLQJV�DV�WKH�VWDWH�RI�WKH�MRE�RU�WDVN��H�J���UXQQLQJ��VXFFHVVIXOO\�FRPSOHWHG�
IDLOHG���WKH�SURJUHVV�RI�PDSV�DQG�UHGXFHV��WKH�YDOXHV�RI�WKH�MRE¦V�FRXQWHUV��DQG�D�VWDWXV

Streaming and pipes.
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PHVVDJH�RU�GHVFULSWLRQ��ZKLFK�PD\�EH�VHW�E\�XVHU�FRGH���7KHVH�VWDWXVHV�FKDQJH�RYHU
WKH�FRXUVH�RI�WKH�MRE��VR�KRZ�GR�WKH\�JHW�FRPPXQLFDWHG�EDFN�WR�WKH�FOLHQW"

:KHQ�D�WDVN�LV�UXQQLQJ��LW�NHHSV�WUDFN�RI�LWV�SURJUHVV��WKDW�LV��WKH�SURSRUWLRQ�RI�WKH�WDVN
FRPSOHWHG��)RU�PDS�WDVNV��WKLV�LV�WKH�SURSRUWLRQ�RI�WKH�LQSXW�WKDW�KDV�EHHQ�SURFHVVHG�
)RU�UHGXFH�WDVNV��LW¦V�D�OLWWOH�PRUH�FRPSOH[��EXW�WKH�V\VWHP�FDQ�VWLOO�HVWLPDWH�WKH�SUR�
SRUWLRQ�RI�WKH�UHGXFH�LQSXW�SURFHVVHG��,W�GRHV�WKLV�E\�GLYLGLQJ�WKH�WRWDO�SURJUHVV�LQWR
WKUHH� SDUWV�� FRUUHVSRQGLQJ� WR� WKH� WKUHH� SKDVHV� RI� WKH� VKXIIOH� �VHH� £6KXIIOH� DQG
6RUW¤�RQ�SDJH�������)RU�H[DPSOH��LI�WKH�WDVN�KDV�UXQ�WKH�UHGXFHU�RQ�KDOI�LWV�LQSXW��WKH
WDVN¦V�SURJUHVV�LV������VLQFH�LW�KDV�FRPSOHWHG�WKH�FRS\�DQG�VRUW�SKDVHV������HDFK��DQG
LV�KDOIZD\�WKURXJK�WKH�UHGXFH�SKDVH�������

)LJXUH������7KH�UHODWLRQVKLS�RI�WKH�6WUHDPLQJ�DQG�3LSHV�H[HFXWDEOH�WR�WKH�WDVNWUDFNHU�DQG�LWV�FKLOG
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What Constitutes Progress in MapReduce?
3URJUHVV�LV�QRW�DOZD\V�PHDVXUDEOH��EXW�QHYHUWKHOHVV��LW�WHOOV�+DGRRS�WKDW�D�WDVN�LV�GRLQJ
VRPHWKLQJ��)RU�H[DPSOH��D�WDVN�ZULWLQJ�RXWSXW�UHFRUGV�LV�PDNLQJ�SURJUHVV��HYHQ�ZKHQ
LW�FDQQRW�EH�H[SUHVVHG�DV�D�SHUFHQWDJH�RI�WKH�WRWDO�QXPEHU�WKDW�ZLOO�EH�ZULWWHQ��EHFDXVH
WKH�ODWWHU�ILJXUH�PD\�QRW�EH�NQRZQ���HYHQ�E\�WKH�WDVN�SURGXFLQJ�WKH�RXWSXW�

3URJUHVV�UHSRUWLQJ�LV�LPSRUWDQW��DV�+DGRRS�ZLOO�QRW�IDLO�D�WDVN�WKDW¦V�PDNLQJ�SURJUHVV�
$OO�RI�WKH�IROORZLQJ�RSHUDWLRQV�FRQVWLWXWH�SURJUHVV�

� 5HDGLQJ�DQ�LQSXW�UHFRUG��LQ�D�PDSSHU�RU�UHGXFHU�

� :ULWLQJ�DQ�RXWSXW�UHFRUG��LQ�D�PDSSHU�RU�UHGXFHU�

� 6HWWLQJ�WKH�VWDWXV�GHVFULSWLRQ�RQ�D�UHSRUWHU��XVLQJ�Reporter¦V�setStatus()�PHWKRG�

� ,QFUHPHQWLQJ�D�FRXQWHU��XVLQJ�Reporter¦V�incrCounter()�PHWKRG�

� &DOOLQJ�Reporter¦V�progress()�PHWKRG

7DVNV�DOVR�KDYH�D�VHW�RI�FRXQWHUV�WKDW�FRXQW�YDULRXV�HYHQWV�DV�WKH�WDVN�UXQV��ZH�VDZ�DQ
H[DPSOH�LQ�£$�WHVW�UXQ¤�RQ�SDJH������ZKLFK�DUH�HLWKHU�WKRVH�EXLOW�LQWR�WKH�IUDPHZRUN�
VXFK�DV�WKH�QXPEHU�RI�PDS�RXWSXW�UHFRUGV�ZULWWHQ��RU�GHILQHG�E\�XVHUV�

,I�D�WDVN�UHSRUWV�SURJUHVV��LW�VHWV�D�IODJ�WR�LQGLFDWH�WKDW�WKH�VWDWXV�FKDQJH�VKRXOG�EH�VHQW
WR�WKH�WDVNWUDFNHU��7KH�IODJ�LV�FKHFNHG�LQ�D�VHSDUDWH�WKUHDG�HYHU\�WKUHH�VHFRQGV��DQG�LI
VHW��LW�QRWLILHV�WKH�WDVNWUDFNHU�RI�WKH�FXUUHQW�WDVN�VWDWXV��0HDQZKLOH��WKH�WDVNWUDFNHU�LV
VHQGLQJ� KHDUWEHDWV� WR� WKH� MREWUDFNHU� HYHU\� ILYH� VHFRQGV� �WKLV� LV� D�PLQLPXP�� DV� WKH
KHDUWEHDW�LQWHUYDO�LV�DFWXDOO\�GHSHQGHQW�RQ�WKH�VL]H�RI�WKH�FOXVWHU��IRU�ODUJHU�FOXVWHUV�
WKH�LQWHUYDO�LV�ORQJHU���DQG�WKH�VWDWXV�RI�DOO�WKH�WDVNV�EHLQJ�UXQ�E\�WKH�WDVNWUDFNHU�LV�VHQW
LQ�WKH�FDOO��&RXQWHUV�DUH�VHQW�OHVV�IUHTXHQWO\�WKDQ�HYHU\�ILYH�VHFRQGV�EHFDXVH�WKH\�FDQ
EH�UHODWLYHO\�KLJK�EDQGZLGWK�

7KH�MREWUDFNHU�FRPELQHV�WKHVH�XSGDWHV�WR�SURGXFH�D�JOREDO�YLHZ�RI�WKH�VWDWXV�RI�DOO�WKH
MREV�EHLQJ�UXQ�DQG�WKHLU�FRQVWLWXHQW�WDVNV��)LQDOO\��DV�PHQWLRQHG�HDUOLHU��WKH�Job�UHFHLYHV
WKH� ODWHVW� VWDWXV�E\�SROOLQJ� WKH� MREWUDFNHU� HYHU\� VHFRQG��&OLHQWV� FDQ�DOVR�XVH�Job¦V�
getStatus()�PHWKRG�WR�REWDLQ�D�JobStatus�LQVWDQFH��ZKLFK�FRQWDLQV�DOO�RI�WKH�VWDWXV
LQIRUPDWLRQ�IRU�WKH�MRE�

7KH�PHWKRG�FDOOV�DUH�LOOXVWUDWHG�LQ�)LJXUH�����

Job completion
:KHQ�WKH�MREWUDFNHU�UHFHLYHV�D�QRWLILFDWLRQ�WKDW�WKH�ODVW�WDVN�IRU�D�MRE�LV�FRPSOHWH��WKLV
ZLOO�EH�WKH�VSHFLDO�MRE�FOHDQXS�WDVN���LW�FKDQJHV�WKH�VWDWXV�IRU�WKH�MRE�WR�£VXFFHVVIXO�¤
7KHQ��ZKHQ�WKH�Job�SROOV�IRU�VWDWXV��LW�OHDUQV�WKDW�WKH�MRE�KDV�FRPSOHWHG�VXFFHVVIXOO\�
VR�LW�SULQWV�D�PHVVDJH�WR�WHOO�WKH�XVHU�DQG�WKHQ�UHWXUQV�IURP�WKH�waitForCompletion()
PHWKRG��-RE�VWDWLVWLFV�DQG�FRXQWHUV�DUH�SULQWHG�WR�WKH�FRQVROH�DW�WKLV�SRLQW�
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7KH�MREWUDFNHU�DOVR�VHQGV�DQ�+773�MRE�QRWLILFDWLRQ�LI�LW�LV�FRQILJXUHG�WR�GR�VR��7KLV
FDQ�EH� FRQILJXUHG�E\� FOLHQWV�ZLVKLQJ� WR� UHFHLYH� FDOOEDFNV�� YLD� WKH�job.end.notifica
tion.url�SURSHUW\�

)LQDOO\��WKH�MREWUDFNHU�FOHDQV�XS�LWV�ZRUNLQJ�VWDWH�IRU�WKH�MRE�DQG�LQVWUXFWV�WDVNWUDFNHUV
WR�GR�WKH�VDPH��VR�LQWHUPHGLDWH�RXWSXW�LV�GHOHWHG��IRU�H[DPSOH��

YARN (MapReduce 2)
)RU�YHU\�ODUJH�FOXVWHUV�LQ�WKH�UHJLRQ�RI�������QRGHV�DQG�KLJKHU��WKH�0DS5HGXFH�V\VWHP
GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ�EHJLQV�WR�KLW�VFDODELOLW\�ERWWOHQHFNV��VR�LQ������D�JURXS
DW�<DKRR��EHJDQ�WR�GHVLJQ�WKH�QH[W�JHQHUDWLRQ�RI�0DS5HGXFH��7KH�UHVXOW�ZDV�<$51�
VKRUW�IRU�<HW�$QRWKHU�5HVRXUFH�1HJRWLDWRU��RU�LI�\RX�SUHIHU�UHFXUVLYH�DFURQ\PV��<$51
$SSOLFDWLRQ�5HVRXUFH�1HJRWLDWRU���

)LJXUH������+RZ�VWDWXV�XSGDWHV�DUH�SURSDJDWHG�WKURXJK�WKH�0DS5HGXFH���V\VWHP

�� <RX�FDQ�UHDG�PRUH�DERXW�WKH�PRWLYDWLRQ�IRU�DQG�GHYHORSPHQW�RI�<$51�LQ�$UXQ�&��0XUWK\¦V�SRVW�WLWOHG
£7KH�1H[W�*HQHUDWLRQ�RI�$SDFKH�+DGRRS�0DS5HGXFH�¤
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<$51�UHPHGLHV�WKH�VFDODELOLW\�VKRUWFRPLQJV�RI�£FODVVLF¤�0DS5HGXFH�E\�VSOLWWLQJ�WKH
UHVSRQVLELOLWLHV�RI�WKH�MREWUDFNHU�LQWR�VHSDUDWH�HQWLWLHV��7KH�MREWUDFNHU�WDNHV�FDUH�RI�ERWK
MRE�VFKHGXOLQJ��PDWFKLQJ�WDVNV�ZLWK�WDVNWUDFNHUV��DQG�WDVN�SURJUHVV�PRQLWRULQJ��NHHS�
LQJ�WUDFN�RI�WDVNV��UHVWDUWLQJ�IDLOHG�RU�VORZ�WDVNV��DQG�GRLQJ�WDVN�ERRNNHHSLQJ��VXFK�DV
PDLQWDLQLQJ�FRXQWHU�WRWDOV��

<$51�VHSDUDWHV�WKHVH�WZR�UROHV�LQWR�WZR�LQGHSHQGHQW�GDHPRQV��D�UHVRXUFH�PDQDJHU
WR�PDQDJH�WKH�XVH�RI�UHVRXUFHV�DFURVV�WKH�FOXVWHU�DQG�DQ�DSSOLFDWLRQ�PDVWHU�WR�PDQDJH
WKH� OLIHF\FOH�RI� DSSOLFDWLRQV� UXQQLQJ�RQ� WKH� FOXVWHU��7KH� LGHD� LV� WKDW� DQ�DSSOLFDWLRQ
PDVWHU�QHJRWLDWHV�ZLWK�WKH�UHVRXUFH�PDQDJHU�IRU�FOXVWHU�UHVRXUFHV¢GHVFULEHG�LQ�WHUPV
RI�D�QXPEHU�RI�FRQWDLQHUV��HDFK�ZLWK�D�FHUWDLQ�PHPRU\�OLPLW¢DQG�WKHQ�UXQV�DSSOLFD�
WLRQ�VSHFLILF�SURFHVVHV�LQ�WKRVH�FRQWDLQHUV��7KH�FRQWDLQHUV�DUH�RYHUVHHQ�E\�QRGH�PDQ�
DJHUV�UXQQLQJ�RQ�FOXVWHU�QRGHV��ZKLFK�HQVXUH�WKDW�WKH�DSSOLFDWLRQ�GRHV�QRW�XVH�PRUH
UHVRXUFHV�WKDQ�LW�KDV�EHHQ�DOORFDWHG��

,Q�FRQWUDVW�WR�WKH�MREWUDFNHU��HDFK�LQVWDQFH�RI�DQ�DSSOLFDWLRQ¢KHUH�D�0DS5HGXFH�MRE
¢KDV�D�GHGLFDWHG�DSSOLFDWLRQ�PDVWHU��ZKLFK�UXQV�IRU�WKH�GXUDWLRQ�RI�WKH�DSSOLFDWLRQ�
7KLV�PRGHO�LV�DFWXDOO\�FORVHU�WR�WKH�RULJLQDO�*RRJOH�0DS5HGXFH�SDSHU��ZKLFK�GHVFULEHV
KRZ�D�PDVWHU�SURFHVV�LV�VWDUWHG�WR�FRRUGLQDWH�PDS�DQG�UHGXFH�WDVNV�UXQQLQJ�RQ�D�VHW
RI�ZRUNHUV�

$V�GHVFULEHG��<$51�LV�PRUH�JHQHUDO�WKDQ�0DS5HGXFH��DQG�LQ�IDFW�0DS5HGXFH�LV�MXVW
RQH�W\SH�RI�<$51�DSSOLFDWLRQ��7KHUH�DUH�D�IHZ�RWKHU�<$51�DSSOLFDWLRQV��VXFK�DV�D
GLVWULEXWHG�VKHOO�WKDW�FDQ�UXQ�D�VFULSW�RQ�D�VHW�RI�QRGHV�LQ�WKH�FOXVWHU��DQG�RWKHUV�DUH
DFWLYHO\� EHLQJ� GHYHORSHG� �VRPH� DUH� OLVWHG� DW� KWWS���ZLNL�DSDFKH�RUJ�KDGRRS�3RZHUHG
%\<DUQ���7KH�EHDXW\�RI�<$51¦V�GHVLJQ�LV�WKDW�GLIIHUHQW�<$51�DSSOLFDWLRQV�FDQ�FRH[LVW
RQ�WKH�VDPH�FOXVWHU¢VR�D�0DS5HGXFH�DSSOLFDWLRQ�FDQ�UXQ�DW�WKH�VDPH�WLPH�DV�DQ�03,
DSSOLFDWLRQ��IRU�H[DPSOH¢ZKLFK�EULQJV�JUHDW�EHQHILWV�IRU�PDQDJHDELOLW\�DQG�FOXVWHU
XWLOL]DWLRQ�

)XUWKHUPRUH��LW�LV�HYHQ�SRVVLEOH�IRU�XVHUV�WR�UXQ�GLIIHUHQW�YHUVLRQV�RI�0DS5HGXFH�RQ
WKH� VDPH�<$51� FOXVWHU��ZKLFK�PDNHV� WKH� SURFHVV� RI� XSJUDGLQJ�0DS5HGXFH�PRUH
PDQDJHDEOH���1RWH�WKDW�VRPH�SDUWV�RI�0DS5HGXFH��VXFK�DV�WKH�MRE�KLVWRU\�VHUYHU�DQG
WKH�VKXIIOH�KDQGOHU��DV�ZHOO�DV�<$51�LWVHOI��VWLOO�QHHG�WR�EH�XSJUDGHG�DFURVV�WKH�FOXVWHU��

0DS5HGXFH�RQ�<$51�LQYROYHV�PRUH�HQWLWLHV�WKDQ�FODVVLF�0DS5HGXFH��7KH\�DUH��

� 7KH�FOLHQW��ZKLFK�VXEPLWV�WKH�0DS5HGXFH�MRE�

� 7KH�<$51�UHVRXUFH�PDQDJHU��ZKLFK�FRRUGLQDWHV� WKH�DOORFDWLRQ�RI�FRPSXWH�UH�
VRXUFHV�RQ�WKH�FOXVWHU�

�� $W�WKH�WLPH�RI�WKLV�ZULWLQJ��PHPRU\�LV�WKH�RQO\�UHVRXUFH�WKDW�LV�PDQDJHG��DQG�QRGH�PDQDJHUV�ZLOO�NLOO�DQ\
FRQWDLQHU�WKDW�H[FHHGV�LWV�DOORFDWHG�PHPRU\�OLPLWV�

�� 1RW�GLVFXVVHG�LQ�WKLV�VHFWLRQ�DUH�WKH�MRE�KLVWRU\�VHUYHU�GDHPRQ��IRU�UHWDLQLQJ�MRE�KLVWRU\�GDWD��DQG�WKH
VKXIIOH� KDQGOHU� DX[LOLDU\� VHUYLFH� �IRU� VHUYLQJ�PDS� RXWSXWV� WR� UHGXFH� WDVNV��� ZKLFK� DUH� D� SDUW� RI� WKH
MREWUDFNHU�DQG�WKH�WDVNWUDFNHU��UHVSHFWLYHO\��LQ�FODVVLF�0DS5HGXFH��EXW�DUH�LQGHSHQGHQW�HQWLWLHV�LQ�<$51�
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� 7KH�<$51�QRGH�PDQDJHUV��ZKLFK�ODXQFK�DQG�PRQLWRU�WKH�FRPSXWH�FRQWDLQHUV�RQ
PDFKLQHV�LQ�WKH�FOXVWHU�

� 7KH�0DS5HGXFH� DSSOLFDWLRQ�PDVWHU�� ZKLFK� FRRUGLQDWHV� WKH� WDVNV� UXQQLQJ� WKH
0DS5HGXFH� MRE��7KH�DSSOLFDWLRQ�PDVWHU�DQG�WKH�0DS5HGXFH�WDVNV�UXQ� LQ�FRQ�
WDLQHUV� WKDW� DUH� VFKHGXOHG�E\� WKH� UHVRXUFH�PDQDJHU� DQG�PDQDJHG�E\� WKH� QRGH
PDQDJHUV�

� 7KH�GLVWULEXWHG�ILOHV\VWHP��QRUPDOO\�+')6��FRYHUHG�LQ�&KDSWHU�����ZKLFK�LV�XVHG
IRU�VKDULQJ�MRE�ILOHV�EHWZHHQ�WKH�RWKHU�HQWLWLHV�

7KH�SURFHVV�RI�UXQQLQJ�D�MRE�LV�VKRZQ�LQ�)LJXUH�����DQG�GHVFULEHG�LQ�WKH�IROORZLQJ
VHFWLRQV�

)LJXUH������+RZ�+DGRRS�UXQV�D�0DS5HGXFH�MRE�XVLQJ�<$51
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Job submission
-REV�DUH�VXEPLWWHG�LQ�0DS5HGXFH���XVLQJ�WKH�VDPH�XVHU�$3,�DV�0DS5HGXFH����VWHS����
0DS5HGXFH���KDV�DQ�LPSOHPHQWDWLRQ�RI�ClientProtocol�WKDW�LV�DFWLYDWHG�ZKHQ�mapre
duce.framework.name�LV�VHW�WR�yarn��7KH�VXEPLVVLRQ�SURFHVV�LV�YHU\�VLPLODU�WR�WKH�FODVVLF
LPSOHPHQWDWLRQ��7KH�QHZ�MRE�,'�LV�UHWULHYHG�IURP�WKH�UHVRXUFH�PDQDJHU��UDWKHU�WKDQ
WKH�MREWUDFNHU���DOWKRXJK�LQ�WKH�QRPHQFODWXUH�RI�<$51��LW�LV�DQ�DSSOLFDWLRQ�,'��VWHS
����7KH� MRE�FOLHQW�FKHFNV� WKH�RXWSXW� VSHFLILFDWLRQ�RI� WKH� MRE��FRPSXWHV� LQSXW� VSOLWV
�DOWKRXJK�WKHUH�LV�DQ�RSWLRQ�WR�JHQHUDWH�WKHP�RQ�WKH�FOXVWHU��yarn.app.mapreduce.am.com
pute-splits-in-cluster��ZKLFK�FDQ�EH�EHQHILFLDO�IRU�MREV�ZLWK�PDQ\�VSOLWV���DQG�FRSLHV
MRE�UHVRXUFHV��LQFOXGLQJ�WKH�MRE�-$5��FRQILJXUDWLRQ��DQG�VSOLW�LQIRUPDWLRQ��WR�+')6
�VWHS�����)LQDOO\��WKH�MRE�LV�VXEPLWWHG�E\�FDOOLQJ�submitApplication()�RQ�WKH�UHVRXUFH
PDQDJHU��VWHS����

Job initialization
:KHQ�WKH�UHVRXUFH�PDQDJHU�UHFHLYHV�D�FDOO�WR�LWV�submitApplication()��LW�KDQGV�RII�WKH
UHTXHVW�WR�WKH�VFKHGXOHU��7KH�VFKHGXOHU�DOORFDWHV�D�FRQWDLQHU��DQG�WKH�UHVRXUFH�PDQDJHU
WKHQ�ODXQFKHV�WKH�DSSOLFDWLRQ�PDVWHU¦V�SURFHVV�WKHUH��XQGHU�WKH�QRGH�PDQDJHU¦V�PDQ�
DJHPHQW��VWHSV��D�DQG��E��

7KH�DSSOLFDWLRQ�PDVWHU�IRU�0DS5HGXFH�MREV�LV�D�-DYD�DSSOLFDWLRQ�ZKRVH�PDLQ�FODVV�LV�
MRAppMaster��,W�LQLWLDOL]HV�WKH�MRE�E\�FUHDWLQJ�D�QXPEHU�RI�ERRNNHHSLQJ�REMHFWV�WR�NHHS
WUDFN�RI�WKH�MRE¦V�SURJUHVV��DV�LW�ZLOO�UHFHLYH�SURJUHVV�DQG�FRPSOHWLRQ�UHSRUWV�IURP�WKH
WDVNV��VWHS�����1H[W��LW�UHWULHYHV�WKH�LQSXW�VSOLWV�FRPSXWHG�LQ�WKH�FOLHQW�IURP�WKH�VKDUHG
ILOHV\VWHP��VWHS�����,W�WKHQ�FUHDWHV�D�PDS�WDVN�REMHFW�IRU�HDFK�VSOLW��DV�ZHOO�DV�D�QXPEHU
RI�UHGXFH�WDVN�REMHFWV�GHWHUPLQHG�E\�WKH�mapreduce.job.reduces�SURSHUW\�

7KH�QH[W�WKLQJ�WKH�DSSOLFDWLRQ�PDVWHU�GRHV�LV�GHFLGH�KRZ�WR�UXQ�WKH�WDVNV�WKDW�PDNH
XS�WKH�0DS5HGXFH�MRE��,I�WKH�MRE�LV�VPDOO��WKH�DSSOLFDWLRQ�PDVWHU�PD\�FKRRVH�WR�UXQ
WKH�WDVNV�LQ�WKH�VDPH�-90�DV�LWVHOI��7KLV�KDSSHQV�ZKHQ�LW�MXGJHV�WKH�RYHUKHDG�RI�DOOR�
FDWLQJ�DQG�UXQQLQJ�WDVNV�LQ�QHZ�FRQWDLQHUV�RXWZHLJKV�WKH�JDLQ�WR�EH�KDG�LQ�UXQQLQJ
WKHP�LQ�SDUDOOHO��FRPSDUHG�WR�UXQQLQJ�WKHP�VHTXHQWLDOO\�RQ�RQH�QRGH���7KLV�LV�GLIIHUHQW
IURP�0DS5HGXFH����ZKHUH�VPDOO�MREV�DUH�QHYHU�UXQ�RQ�D�VLQJOH�WDVNWUDFNHU���6XFK�D�MRE
LV�VDLG�WR�EH�XEHUL]HG��RU�UXQ�DV�DQ�XEHU�WDVN�

:KDW�TXDOLILHV�DV�D�VPDOO�MRE"�%\�GHIDXOW��D�VPDOO�MRE�LV�RQH�WKDW�KDV�OHVV�WKDQ����PDS�
SHUV��RQO\�RQH�UHGXFHU��DQG�DQ�LQSXW�VL]H�WKDW�LV�OHVV�WKDQ�WKH�VL]H�RI�RQH�+')6�EORFN�
�7KHVH�YDOXHV�PD\�EH�FKDQJHG�IRU�D�MRE�E\�VHWWLQJ�mapreduce.job.ubertask.maxmaps��
mapreduce.job.ubertask.maxreduces��DQG�mapreduce.job.ubertask.maxbytes���,W¦V�DOVR
SRVVLEOH� WR�GLVDEOH�XEHU� WDVNV�HQWLUHO\��E\�VHWWLQJ�mapreduce.job.ubertask.enable� WR
false��

%HIRUH�DQ\�WDVNV�FDQ�EH�UXQ��WKH�MRE�VHWXS�PHWKRG�LV�FDOOHG��IRU�WKH�MRE¦V�OutputCommit
ter��WR�FUHDWH�WKH�MRE¦V�RXWSXW�GLUHFWRU\��,Q�FRQWUDVW�WR�0DS5HGXFH����ZKHUH�LW�LV�FDOOHG
LQ�D�VSHFLDO�WDVN�WKDW�LV�UXQ�E\�WKH�WDVNWUDFNHU��LQ�WKH�<$51�LPSOHPHQWDWLRQ�WKH�PHWKRG
LV�FDOOHG�GLUHFWO\�E\�WKH�DSSOLFDWLRQ�PDVWHU�
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Task assignment
,I� WKH� MRE�GRHV�QRW�TXDOLI\�IRU�UXQQLQJ�DV�DQ�XEHU�WDVN��WKHQ�WKH�DSSOLFDWLRQ�PDVWHU
UHTXHVWV�FRQWDLQHUV�IRU�DOO�WKH�PDS�DQG�UHGXFH�WDVNV�LQ�WKH�MRE�IURP�WKH�UHVRXUFH�PDQ�
DJHU��VWHS�����$OO�UHTXHVWV��ZKLFK�DUH�SLJJ\EDFNHG�RQ�KHDUWEHDW�FDOOV��LQFOXGHV�LQIRU�
PDWLRQ�DERXW�HDFK�PDS�WDVN¦V�GDWD�ORFDOLW\��LQ�SDUWLFXODU�WKH�KRVWV�DQG�FRUUHVSRQGLQJ
UDFNV� WKDW� WKH� LQSXW� VSOLW� UHVLGHV� RQ��7KH� VFKHGXOHU� XVHV� WKLV� LQIRUPDWLRQ� WR�PDNH
VFKHGXOLQJ�GHFLVLRQV��MXVW�OLNH�D�MREWUDFNHU¦V�VFKHGXOHU�GRHV���,W�DWWHPSWV�WR�SODFH�WDVNV
RQ�GDWD�ORFDO�QRGHV�LQ�WKH�LGHDO�FDVH��EXW�LI�WKLV�LV�QRW�SRVVLEOH��WKH�VFKHGXOHU�SUHIHUV
UDFN�ORFDO�SODFHPHQW�WR�QRQORFDO�SODFHPHQW�

5HTXHVWV�DOVR�VSHFLI\�PHPRU\�UHTXLUHPHQWV�IRU�WDVNV��%\�GHIDXOW��ERWK�PDS�DQG�UHGXFH
WDVNV� DUH� DOORFDWHG� �����0%� RI�PHPRU\�� EXW� WKLV� LV� FRQILJXUDEOH� E\� VHWWLQJ� mapre
duce.map.memory.mb�DQG�mapreduce.reduce.memory.mb�

7KH�ZD\�PHPRU\�LV�DOORFDWHG�LV�GLIIHUHQW�IURP�0DS5HGXFH����ZKHUH�WDVNWUDFNHUV�KDYH
D�IL[HG�QXPEHU�RI�£VORWV�¤�VHW�DW�FOXVWHU�FRQILJXUDWLRQ�WLPH��DQG�HDFK�WDVN�UXQV�LQ�D
VLQJOH�VORW��6ORWV�KDYH�D�PD[LPXP�PHPRU\�DOORZDQFH��ZKLFK�DJDLQ�LV�IL[HG�IRU�D�FOXVWHU�
OHDGLQJ� WR�ERWK�SUREOHPV�RI�XQGHUXWLOL]DWLRQ�ZKHQ� WDVNV�XVH� OHVV�PHPRU\� �EHFDXVH
RWKHU�ZDLWLQJ�WDVNV�DUH�QRW�DEOH�WR�WDNH�DGYDQWDJH�RI�WKH�XQXVHG�PHPRU\��DQG�SUREOHPV
RI� MRE� IDLOXUH�ZKHQ�D� WDVN�FDQ¦W� FRPSOHWH� VLQFH� LW� FDQ¦W�JHW� HQRXJK�PHPRU\� WR� UXQ
FRUUHFWO\�DQG�WKHUHIRUH�FDQ¦W�FRPSOHWH�

,Q�<$51��UHVRXUFHV�DUH�PRUH�ILQH�JUDLQHG��VR�ERWK�RI�WKHVH�SUREOHPV�FDQ�EH�DYRLGHG�
,Q�SDUWLFXODU��DSSOLFDWLRQV�PD\�UHTXHVW�D�PHPRU\�FDSDELOLW\�WKDW�LV�DQ\ZKHUH�EHWZHHQ
WKH�PLQLPXP�DOORFDWLRQ�DQG�D�PD[LPXP�DOORFDWLRQ��DQG�WKDW�PXVW�EH�D�PXOWLSOH�RI�WKH
PLQLPXP�DOORFDWLRQ��'HIDXOW�PHPRU\�DOORFDWLRQV�DUH�VFKHGXOHU�VSHFLILF��DQG�IRU�WKH
FDSDFLW\�VFKHGXOHU��WKH�GHIDXOW�PLQLPXP�LV������0%��VHW�E\�yarn.scheduler.capacity
.minimum-allocation-mb��DQG�WKH�GHIDXOW�PD[LPXP�LV�������0%��VHW�E\�yarn.schedu
ler.capacity.maximum-allocation-mb���7KXV��WDVNV�FDQ�UHTXHVW�DQ\�PHPRU\�DOORFDWLRQ
EHWZHHQ���DQG����*%��LQFOXVLYH���LQ�PXOWLSOHV�RI���*%��WKH�VFKHGXOHU�ZLOO�URXQG�XS�WR
WKH� QHDUHVW� PXOWLSOH� LI� QHHGHG��� E\� VHWWLQJ� mapreduce.map.memory.mb� DQG� mapre
duce.reduce.memory.mb�DSSURSULDWHO\�

Task execution
2QFH�D�WDVN�KDV�EHHQ�DVVLJQHG�D�FRQWDLQHU�E\�WKH�UHVRXUFH�PDQDJHU¦V�VFKHGXOHU��WKH
DSSOLFDWLRQ�PDVWHU�VWDUWV�WKH�FRQWDLQHU�E\�FRQWDFWLQJ�WKH�QRGH�PDQDJHU��VWHSV��D�DQG
�E���7KH�WDVN�LV�H[HFXWHG�E\�D�-DYD�DSSOLFDWLRQ�ZKRVH�PDLQ�FODVV�LV�YarnChild��%HIRUH
LW�FDQ�UXQ�WKH�WDVN�LW�ORFDOL]HV�WKH�UHVRXUFHV�WKDW�WKH�WDVN�QHHGV��LQFOXGLQJ�WKH�MRE�FRQ�
ILJXUDWLRQ�DQG�-$5�ILOH��DQG�DQ\�ILOHV�IURP�WKH�GLVWULEXWHG�FDFKH��VWHS������)LQDOO\��LW
UXQV�WKH�PDS�RU�UHGXFH�WDVN��VWHS�����

7KH�YarnChild�UXQV�LQ�D�GHGLFDWHG�-90��IRU�WKH�VDPH�UHDVRQ�WKDW�WDVNWUDFNHUV�VSDZQ
QHZ�-90V�IRU�WDVNV�LQ�0DS5HGXFH����WR�LVRODWH�XVHU�FRGH�IURP�ORQJ�UXQQLQJ�V\VWHP
GDHPRQV��8QOLNH�0DS5HGXFH����KRZHYHU��<$51�GRHV�QRW�VXSSRUW�-90�UHXVH��VR�HDFK
WDVN�UXQV�LQ�D�QHZ�-90�
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6WUHDPLQJ� DQG� 3LSHV� SURJUDPV�ZRUN� LQ� WKH� VDPH�ZD\� DV�0DS5HGXFH� ��� 7KH� Yarn
Child�ODXQFKHV�WKH�6WUHDPLQJ�RU�3LSHV�SURFHVV�DQG�FRPPXQLFDWHV�ZLWK�LW�XVLQJ�VWDQGDUG
LQSXW�RXWSXW�RU�D�VRFNHW��UHVSHFWLYHO\���DV�VKRZQ�LQ�)LJXUH������H[FHSW�WKH�FKLOG�DQG
VXESURFHVVHV�UXQ�RQ�QRGH�PDQDJHUV��QRW�WDVNWUDFNHUV��

Progress and status updates
:KHQ�UXQQLQJ�XQGHU�<$51��WKH�WDVN�UHSRUWV�LWV�SURJUHVV�DQG�VWDWXV��LQFOXGLQJ�FRXQ�
WHUV��EDFN�WR�LWV�DSSOLFDWLRQ�PDVWHU��ZKLFK�KDV�DQ�DJJUHJDWH�YLHZ�RI�WKH�MRE��HYHU\�WKUHH
VHFRQGV�RYHU�WKH�XPELOLFDO�LQWHUIDFH��7KH�SURFHVV�LV�LOOXVWUDWHG�LQ�)LJXUH������&RQWUDVW
WKLV�WR�0DS5HGXFH����ZKHUH�SURJUHVV�XSGDWHV�IORZ�IURP�WKH�FKLOG�WKURXJK�WKH�WDVN�
WUDFNHU�WR�WKH�MREWUDFNHU�IRU�DJJUHJDWLRQ�

7KH� FOLHQW� SROOV� WKH� DSSOLFDWLRQ�PDVWHU� HYHU\� VHFRQG� �VHW� YLD� mapreduce.client.pro
gressmonitor.pollinterval��WR�UHFHLYH�SURJUHVV�XSGDWHV��ZKLFK�DUH�XVXDOO\�GLVSOD\HG
WR�WKH�XVHU�

)LJXUH������+RZ�VWDWXV�XSGDWHV�DUH�SURSDJDWHG�WKURXJK�WKH�0DS5HGXFH���V\VWHP
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,Q�0DS5HGXFH����WKH�MRE�WUDFNHU�ZHE�8,�KDV�D�OLVW�RI�UXQQLQJ�MREV�DQG�WKHLU�SURJUHVV�
,Q�<$51��WKH�UHVRXUFH�PDQDJHU�ZHE�8,�GLVSOD\V�DOO�WKH�UXQQLQJ�DSSOLFDWLRQV�ZLWK�OLQNV
WR�WKH�ZHE�8,V�RI�WKHLU�UHVSHFWLYH�DSSOLFDWLRQ�PDVWHUV��HDFK�RI�ZKLFK�GLVSOD\V�IXUWKHU
GHWDLOV�RQ�WKH�0DS5HGXFH�MRE��LQFOXGLQJ�LWV�SURJUHVV�

Job completion
$V�ZHOO�DV�SROOLQJ� WKH�DSSOLFDWLRQ�PDVWHU� IRU�SURJUHVV��HYHU\� ILYH�VHFRQGV� WKH�FOLHQW
FKHFNV�ZKHWKHU�WKH�MRE�KDV�FRPSOHWHG�E\�FDOOLQJ�WKH�waitForCompletion()�PHWKRG�RQ�
Job�� 7KH� SROOLQJ� LQWHUYDO� FDQ� EH� VHW� YLD� WKH� mapreduce.client.comple
tion.pollinterval�FRQILJXUDWLRQ�SURSHUW\�

1RWLILFDWLRQ�RI�MRE�FRPSOHWLRQ�YLD�DQ�+773�FDOOEDFN�LV�DOVR�VXSSRUWHG��DV�LW�LV�LQ�0DS�
5HGXFH����,Q�0DS5HGXFH����KRZHYHU��WKH�DSSOLFDWLRQ�PDVWHU�LQLWLDWHV�WKH�FDOOEDFN�

2Q� MRE� FRPSOHWLRQ�� WKH� DSSOLFDWLRQ�PDVWHU� DQG� WKH� WDVN� FRQWDLQHUV� FOHDQ� XS� WKHLU
ZRUNLQJ�VWDWH��DQG�WKH�OutputCommitter¦V�MRE�FOHDQXS�PHWKRG�LV�FDOOHG��-RE�LQIRUPDWLRQ
LV�DUFKLYHG�E\�WKH�MRE�KLVWRU\�VHUYHU�WR�HQDEOH�ODWHU�LQWHUURJDWLRQ�E\�XVHUV�LI�GHVLUHG�

Failures
,Q�WKH�UHDO�ZRUOG��XVHU�FRGH�LV�EXJJ\��SURFHVVHV�FUDVK��DQG�PDFKLQHV�IDLO��2QH�RI�WKH
PDMRU�EHQHILWV�RI�XVLQJ�+DGRRS�LV�LWV�DELOLW\�WR�KDQGOH�VXFK�IDLOXUHV�DQG�DOORZ�\RXU�MRE
WR�FRPSOHWH�

Failures in Classic MapReduce
,Q�WKH�0DS5HGXFH���UXQWLPH��WKHUH�DUH�WKUHH�IDLOXUH�PRGHV�WR�FRQVLGHU��IDLOXUH�RI�WKH
UXQQLQJ�WDVN��IDLOXUH�RI�WKH�WDVNWUDFNHU��DQG�IDLOXUH�RI�WKH�MREWUDFNHU��/HW¦V�ORRN�DW�HDFK
LQ�WXUQ�

Task failure
&RQVLGHU�ILUVW�WKH�FDVH�RI�WKH�FKLOG�WDVN�IDLOLQJ��7KH�PRVW�FRPPRQ�RFFXUUHQFH�RI�WKLV
IDLOXUH�LV�ZKHQ�XVHU�FRGH�LQ�WKH�PDS�RU�UHGXFH�WDVN�WKURZV�D�UXQWLPH�H[FHSWLRQ��,I�WKLV
KDSSHQV��WKH�FKLOG�-90�UHSRUWV�WKH�HUURU�EDFN�WR�LWV�SDUHQW�WDVNWUDFNHU�EHIRUH�LW�H[LWV�
7KH�HUURU�XOWLPDWHO\�PDNHV�LW�LQWR�WKH�XVHU�ORJV��7KH�WDVNWUDFNHU�PDUNV�WKH�WDVN�DWWHPSW
DV�IDLOHG��IUHHLQJ�XS�D�VORW�WR�UXQ�DQRWKHU�WDVN�

)RU�6WUHDPLQJ�WDVNV��LI�WKH�6WUHDPLQJ�SURFHVV�H[LWV�ZLWK�D�QRQ]HUR�H[LW�FRGH��LW�LV�PDUNHG
DV�IDLOHG��7KLV�EHKDYLRU�LV�JRYHUQHG�E\�WKH�stream.non.zero.exit.is.failure�SURSHUW\
�WKH�GHIDXOW�LV�true��

$QRWKHU�IDLOXUH�PRGH�LV�WKH�VXGGHQ�H[LW�RI�WKH�FKLOG�-90¢SHUKDSV�WKHUH�LV�D�-90�EXJ
WKDW� FDXVHV� WKH� -90� WR� H[LW� IRU� D� SDUWLFXODU� VHW� RI� FLUFXPVWDQFHV� H[SRVHG� E\� WKH
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0DS5HGXFH�XVHU�FRGH��,Q�WKLV�FDVH��WKH�WDVNWUDFNHU�QRWLFHV�WKDW�WKH�SURFHVV�KDV�H[LWHG
DQG�PDUNV�WKH�DWWHPSW�DV�IDLOHG�

+DQJLQJ�WDVNV�DUH�GHDOW�ZLWK�GLIIHUHQWO\��7KH�WDVNWUDFNHU�QRWLFHV�WKDW�LW�KDVQ¦W�UHFHLYHG
D�SURJUHVV�XSGDWH�IRU�D�ZKLOH�DQG�SURFHHGV�WR�PDUN�WKH�WDVN�DV�IDLOHG��7KH�FKLOG�-90
SURFHVV�ZLOO�EH�NLOOHG�DXWRPDWLFDOO\�DIWHU�WKLV�SHULRG���7KH�WLPHRXW�SHULRG�DIWHU�ZKLFK
WDVNV�DUH�FRQVLGHUHG�IDLOHG�LV�QRUPDOO\����PLQXWHV�DQG�FDQ�EH�FRQILJXUHG�RQ�D�SHU�MRE
EDVLV� �RU� D� FOXVWHU� EDVLV�� E\� VHWWLQJ� WKH�mapred.task.timeout� SURSHUW\� WR� D� YDOXH� LQ
PLOOLVHFRQGV�

6HWWLQJ�WKH�WLPHRXW�WR�D�YDOXH�RI�]HUR�GLVDEOHV�WKH�WLPHRXW��VR�ORQJ�UXQQLQJ�WDVNV�DUH
QHYHU�PDUNHG�DV�IDLOHG��,Q�WKLV�FDVH��D�KDQJLQJ�WDVN�ZLOO�QHYHU�IUHH�XS�LWV�VORW��DQG�RYHU
WLPH�WKHUH�PD\�EH�FOXVWHU�VORZGRZQ�DV�D�UHVXOW��7KLV�DSSURDFK�VKRXOG�WKHUHIRUH�EH
DYRLGHG��DQG�PDNLQJ�VXUH�WKDW�D�WDVN�LV�UHSRUWLQJ�SURJUHVV�SHULRGLFDOO\�ZLOO�VXIILFH��VHH
£:KDW�&RQVWLWXWHV�3URJUHVV�LQ�0DS5HGXFH"¤�RQ�SDJH������

:KHQ�WKH�MREWUDFNHU�LV�QRWLILHG�RI�D�WDVN�DWWHPSW�WKDW�KDV�IDLOHG��E\�WKH�WDVNWUDFNHU¦V
KHDUWEHDW�FDOO���LW�ZLOO�UHVFKHGXOH�H[HFXWLRQ�RI�WKH�WDVN��7KH�MREWUDFNHU�ZLOO�WU\�WR�DYRLG
UHVFKHGXOLQJ�WKH�WDVN�RQ�D�WDVNWUDFNHU�ZKHUH�LW�KDV�SUHYLRXVO\�IDLOHG��)XUWKHUPRUH��LI�D
WDVN�IDLOV�IRXU�WLPHV��RU�PRUH���LW�ZLOO�QRW�EH�UHWULHG�DJDLQ��7KLV�YDOXH�LV�FRQILJXUDEOH�
7KH� PD[LPXP� QXPEHU� RI� DWWHPSWV� WR� UXQ� D� WDVN� LV� FRQWUROOHG� E\� WKH�
mapred.map.max.attempts�SURSHUW\�IRU�PDS�WDVNV�DQG�mapred.reduce.max.attempts�IRU
UHGXFH�WDVNV��%\�GHIDXOW��LI�DQ\�WDVN�IDLOV�IRXU�WLPHV��RU�ZKDWHYHU�WKH�PD[LPXP�QXPEHU
RI�DWWHPSWV�LV�FRQILJXUHG�WR���WKH�ZKROH�MRE�IDLOV�

)RU�VRPH�DSSOLFDWLRQV��LW�LV�XQGHVLUDEOH�WR�DERUW�WKH�MRE�ZKHQ�D�IHZ�WDVNV�IDLO��DV�LW�PD\
EH�SRVVLEOH�WR�XVH�WKH�UHVXOWV�RI�WKH�MRE�GHVSLWH�VRPH�IDLOXUHV��,Q�WKLV�FDVH��WKH�PD[LPXP
SHUFHQWDJH�RI� WDVNV�WKDW�DUH�DOORZHG�WR� IDLO�ZLWKRXW�WULJJHULQJ� MRE�IDLOXUH�FDQ�EH�VHW
IRU� WKH� MRE�� 0DS� WDVNV� DQG� UHGXFH� WDVNV� DUH� FRQWUROOHG� LQGHSHQGHQWO\�� XVLQJ
WKH� mapred.max.map.failures.percent� DQG� mapred.max.reduce.failures.percent
SURSHUWLHV�

$�WDVN�DWWHPSW�PD\�DOVR�EH�NLOOHG��ZKLFK�LV�GLIIHUHQW�IURP�IDLOLQJ��$�WDVN�DWWHPSW�PD\
EH�NLOOHG�EHFDXVH�LW�LV�D�VSHFXODWLYH�GXSOLFDWH��IRU�PRUH�LQIRUPDWLRQ��VHH�£6SHFXODWLYH
([HFXWLRQ¤�RQ�SDJH�������RU�EHFDXVH�WKH�WDVNWUDFNHU�LW�ZDV�UXQQLQJ�RQ�IDLOHG�DQG�WKH
MREWUDFNHU�PDUNHG�DOO�WKH�WDVN�DWWHPSWV�UXQQLQJ�RQ�LW�DV�NLOOHG��.LOOHG�WDVN�DWWHPSWV�GR
QRW� FRXQW� DJDLQVW� WKH� QXPEHU� RI� DWWHPSWV� WR� UXQ� WKH� WDVN� �DV� VHW� E\�
mapred.map.max.attempts� DQG� mapred.reduce.max.attempts��� EHFDXVH� LW� ZDVQ¦W� WKH
WDVN¦V�IDXOW�WKDW�DQ�DWWHPSW�ZDV�NLOOHG�

�� ,I�D�6WUHDPLQJ�RU�3LSHV�SURFHVV�KDQJV��WKH�WDVNWUDFNHU�ZLOO�NLOO�LW��DORQJ�ZLWK�WKH�-90�WKDW�ODXQFKHG�LW�
RQO\� LQ� WKH� IROORZLQJ� FLUFXPVWDQFHV�� HLWKHU� mapred.task.tracker.task-controller� LV� VHW� WR�
org.apache.hadoop.mapred.LinuxTaskController�� RU� WKH� GHIDXOW� WDVN� FRQWUROOHU� LV� EHLQJ� XVHG
�org.apache.hadoop.mapred.DefaultTaskController��DQG�WKH�setsid�FRPPDQG�LV�DYDLODEOH�RQ�WKH�V\VWHP
�VR�WKDW�WKH�FKLOG�-90�DQG�DQ\�SURFHVVHV�LW�ODXQFKHV�DUH�LQ�WKH�VDPH�SURFHVV�JURXS���,Q�DQ\�RWKHU�FDVH�
RUSKDQHG�6WUHDPLQJ�RU�3LSHV�SURFHVVHV�ZLOO�DFFXPXODWH�RQ�WKH�V\VWHP��ZKLFK�ZLOO�LPSDFW�XWLOL]DWLRQ�RYHU
WLPH�
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8VHUV�PD\�DOVR�NLOO�RU�IDLO�WDVN�DWWHPSWV�XVLQJ�WKH�ZHE�8,�RU�WKH�FRPPDQG�OLQH��W\SH
hadoop job�WR�VHH�WKH�RSWLRQV���-REV�PD\�DOVR�EH�NLOOHG�E\�WKH�VDPH�PHFKDQLVPV�

Tasktracker failure
)DLOXUH�RI�D�WDVNWUDFNHU�LV�DQRWKHU�IDLOXUH�PRGH��,I�D�WDVNWUDFNHU�IDLOV�E\�FUDVKLQJ�RU
UXQQLQJ�YHU\�VORZO\��LW�ZLOO�VWRS�VHQGLQJ�KHDUWEHDWV�WR�WKH�MREWUDFNHU��RU�VHQG�WKHP�YHU\
LQIUHTXHQWO\���7KH�MREWUDFNHU�ZLOO�QRWLFH�D�WDVNWUDFNHU�WKDW�KDV�VWRSSHG�VHQGLQJ�KHDUW�
EHDWV� LI� LW� KDVQ¦W� UHFHLYHG� RQH� IRU� ��� PLQXWHV� �FRQILJXUHG� YLD� WKH� mapred.task
tracker.expiry.interval� SURSHUW\�� LQ�PLOOLVHFRQGV�� DQG� UHPRYH� LW� IURP� LWV� SRRO� RI
WDVNWUDFNHUV�WR�VFKHGXOH�WDVNV�RQ��7KH�MREWUDFNHU�DUUDQJHV�IRU�PDS�WDVNV�WKDW�ZHUH�UXQ
DQG�FRPSOHWHG�VXFFHVVIXOO\�RQ�WKDW�WDVNWUDFNHU�WR�EH�UHUXQ�LI�WKH\�EHORQJ�WR�LQFRPSOHWH
MREV��VLQFH�WKHLU�LQWHUPHGLDWH�RXWSXW�UHVLGLQJ�RQ�WKH�IDLOHG�WDVNWUDFNHU¦V�ORFDO�ILOHV\VWHP
PD\�QRW�EH�DFFHVVLEOH�WR�WKH�UHGXFH�WDVN��$Q\�WDVNV�LQ�SURJUHVV�DUH�DOVR�UHVFKHGXOHG�

$�WDVNWUDFNHU�FDQ�DOVR�EH�EODFNOLVWHG�E\�WKH�MREWUDFNHU��HYHQ�LI�WKH�WDVNWUDFNHU�KDV�QRW
IDLOHG��,I�PRUH�WKDQ�IRXU�WDVNV�IURP�WKH�VDPH�MRE�IDLO�RQ�D�SDUWLFXODU�WDVNWUDFNHU��VHW�E\
mapred.max.tracker.failures���WKH�MREWUDFNHU�UHFRUGV�WKLV�DV�D�IDXOW��$�WDVNWUDFNHU�LV
EODFNOLVWHG�LI�WKH�QXPEHU�RI�IDXOWV�LV�RYHU�VRPH�PLQLPXP�WKUHVKROG��WKH�GHIDXOW�LV�IRXU�
VHW� E\� mapred.max.tracker.blacklists�� DQG� LV� VLJQLILFDQWO\� KLJKHU� WKDQ� WKH� DYHUDJH
QXPEHU�RI�IDXOWV�IRU�WDVNWUDFNHUV�LQ�WKH�FOXVWHU�

%ODFNOLVWHG�WDVNWUDFNHUV�DUH�QRW�DVVLJQHG�WDVNV��EXW�WKH\�FRQWLQXH�WR�FRPPXQLFDWH�ZLWK
WKH�MREWUDFNHU��)DXOWV�H[SLUH�RYHU�WLPH��DW�WKH�UDWH�RI�RQH�SHU�GD\���VR�WDVNWUDFNHUV�JHW
WKH�FKDQFH�WR�UXQ�MREV�DJDLQ�VLPSO\�E\�FRQWLQXLQJ�WR�UXQ��$OWHUQDWLYHO\��LI�WKHUH�LV�DQ
XQGHUO\LQJ�IDXOW�WKDW�FDQ�EH�IL[HG��E\�UHSODFLQJ�KDUGZDUH��IRU�H[DPSOH���WKH�WDVNWUDFNHU
ZLOO�EH�UHPRYHG�IURP�WKH�MREWUDFNHU¦V�EODFNOLVW�DIWHU�LW�UHVWDUWV�DQG�UHMRLQV�WKH�FOXVWHU�

Jobtracker failure
)DLOXUH�RI�WKH�MREWUDFNHU�LV�WKH�PRVW�VHULRXV�IDLOXUH�PRGH��+DGRRS�KDV�QR�PHFKDQLVP
IRU�GHDOLQJ�ZLWK�MREWUDFNHU�IDLOXUH¢LW�LV�D�VLQJOH�SRLQW�RI�IDLOXUH¢VR�LQ�WKLV�FDVH�DOO
UXQQLQJ�MREV�IDLO��+RZHYHU��WKLV�IDLOXUH�PRGH�LV�XQOLNHO\�EHFDXVH�WKH�FKDQFH�RI�D�SDU�
WLFXODU�PDFKLQH�IDLOLQJ�LV�ORZ��7KH�JRRG�QHZV�LV�WKDW�WKH�VLWXDWLRQ�LV�LPSURYHG�ZLWK
<$51��VLQFH�RQH�RI�LWV�GHVLJQ�JRDOV�LV�WR�HOLPLQDWH�VLQJOH�SRLQWV�RI�IDLOXUH�LQ�0DS5HGXFH�

$IWHU�UHVWDUWLQJ�D�MREWUDFNHU��DQ\�MREV�WKDW�ZHUH�UXQQLQJ�DW�WKH�WLPH�LW�ZDV�VWRSSHG�ZLOO
QHHG�WR�EH�UHVXEPLWWHG��7KHUH�LV�D�FRQILJXUDWLRQ�RSWLRQ�WKDW�DWWHPSWV�WR�UHFRYHU�DQ\
UXQQLQJ� MREV� �mapred.jobtracker.restart.recover�� WXUQHG� RII� E\� GHIDXOW��� EXW� LW� LV
NQRZQ�QRW�WR�ZRUN�UHOLDEO\��VR�VKRXOG�QRW�EH�XVHG�

Failures in YARN
)RU�0DS5HGXFH�SURJUDPV�UXQQLQJ�RQ�<$51��ZH�QHHG�WR�FRQVLGHU�WKH�IDLOXUH�RI�DQ\�RI
WKH� IROORZLQJ�HQWLWLHV�� WKH� WDVN�� WKH�DSSOLFDWLRQ�PDVWHU�� WKH�QRGH�PDQDJHU�� DQG� WKH
UHVRXUFH�PDQDJHU�
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Task failure
)DLOXUH�RI�WKH�UXQQLQJ�WDVN�LV�VLPLODU�WR�WKH�FODVVLF�FDVH��5XQWLPH�H[FHSWLRQV�DQG�VXGGHQ
H[LWV�RI�WKH�-90�DUH�SURSDJDWHG�EDFN�WR�WKH�DSSOLFDWLRQ�PDVWHU��DQG�WKH�WDVN�DWWHPSW
LV�PDUNHG� DV� IDLOHG�� /LNHZLVH�� KDQJLQJ� WDVNV� DUH� QRWLFHG� E\� WKH� DSSOLFDWLRQ�PDVWHU
WKURXJK�WKH�DEVHQFH�RI�D�SLQJ�RYHU�WKH�XPELOLFDO�FKDQQHO��WKH�WLPHRXW�LV�VHW�E\�mapre
duce.task.timeout���DQG�DJDLQ�WKH�WDVN�DWWHPSW�LV�PDUNHG�DV�IDLOHG�

7KH�FRQILJXUDWLRQ�SURSHUWLHV�IRU�GHWHUPLQLQJ�ZKHQ�D�WDVN�KDV�IDLOHG�DUH�WKH�VDPH�DV�WKH
FODVVLF�FDVH��D�WDVN�LV�PDUNHG�DV�IDLOHG�DIWHU�IRXU�DWWHPSWV��VHW�E\�mapreduce.map.maxat
tempts�IRU�PDS�WDVNV�DQG�mapreduce.reduce.maxattempts�IRU�UHGXFHU�WDVNV���$�MRE�ZLOO
EH�IDLOHG�LI�PRUH�WKDQ�mapreduce.map.failures.maxpercent�SHUFHQW�RI�WKH�PDS�WDVNV�LQ
WKH�MRE�IDLO�RU�PRUH�WKDQ�mapreduce.reduce.failures.maxpercent�SHUFHQW�RI�WKH�UHGXFH
WDVNV�IDLO�

Application master failure
-XVW�OLNH�0DS5HGXFH�WDVNV�DUH�JLYHQ�VHYHUDO�DWWHPSWV�WR�VXFFHHG��LQ�WKH�IDFH�RI�KDUGZDUH
RU�QHWZRUN� IDLOXUHV��� DSSOLFDWLRQV� LQ�<$51�DUH� WULHG�PXOWLSOH� WLPHV� LQ� WKH�HYHQW�RI
IDLOXUH��%\�GHIDXOW��DSSOLFDWLRQV�DUH�PDUNHG�DV�IDLOHG�LI�WKH\�IDLO�RQFH��EXW�WKLV�FDQ�EH
LQFUHDVHG�E\�VHWWLQJ�WKH�SURSHUW\�yarn.resourcemanager.am.max-retries�

$Q�DSSOLFDWLRQ�PDVWHU�VHQGV�SHULRGLF�KHDUWEHDWV�WR�WKH�UHVRXUFH�PDQDJHU��DQG�LQ�WKH
HYHQW�RI�DSSOLFDWLRQ�PDVWHU�IDLOXUH��WKH�UHVRXUFH�PDQDJHU�ZLOO�GHWHFW�WKH�IDLOXUH�DQG
VWDUW�D�QHZ�LQVWDQFH�RI�WKH�PDVWHU�UXQQLQJ�LQ�D�QHZ�FRQWDLQHU��PDQDJHG�E\�D�QRGH
PDQDJHU����,Q�WKH�FDVH�RI�WKH�0DS5HGXFH�DSSOLFDWLRQ�PDVWHU��LW�FDQ�UHFRYHU�WKH�VWDWH�RI
WKH�WDVNV�WKDW�ZHUH�DOUHDG\�UXQ�E\�WKH��IDLOHG��DSSOLFDWLRQ�VR�WKH\�GRQ¦W�KDYH�WR�EH�UHUXQ�
5HFRYHU\�LV�QRW�HQDEOHG�E\�GHIDXOW��VR�IDLOHG�DSSOLFDWLRQ�PDVWHUV�ZLOO�UHUXQ�DOO�WKHLU
WDVNV�� EXW� \RX� FDQ� WXUQ� WKLV� RQ� E\� VHWWLQJ� yarn.app.mapreduce.am.job.recov
ery.enable�WR�true�

7KH�FOLHQW�SROOV�WKH�DSSOLFDWLRQ�PDVWHU�IRU�SURJUHVV�UHSRUWV��LI�LWV�DSSOLFDWLRQ�PDVWHU
IDLOV��WKH�FOLHQW�QHHGV�WR�ORFDWH�WKH�QHZ�LQVWDQFH��'XULQJ�MRE�LQLWLDOL]DWLRQ��WKH�FOLHQW
DVNV�WKH�UHVRXUFH�PDQDJHU�IRU�WKH�DSSOLFDWLRQ�PDVWHU¦V�DGGUHVV��DQG�WKHQ�FDFKHV�LW�VR
LW�GRHVQ¦W�RYHUORDG�WKH�UHVRXUFH�PDQDJHU�ZLWK�D�UHTXHVW�HYHU\�WLPH�LW�QHHGV�WR�SROO�WKH
DSSOLFDWLRQ�PDVWHU��,I�WKH�DSSOLFDWLRQ�PDVWHU�IDLOV��KRZHYHU��WKH�FOLHQW�ZLOO�H[SHULHQFH
D�WLPHRXW�ZKHQ�LW�LVVXHV�D�VWDWXV�XSGDWH��DW�ZKLFK�SRLQW�WKH�FOLHQW�ZLOO�JR�EDFN�WR�WKH
UHVRXUFH�PDQDJHU�WR�DVN�IRU�WKH�QHZ�DSSOLFDWLRQ�PDVWHU¦V�DGGUHVV�

Node manager failure
,I�D�QRGH�PDQDJHU�IDLOV��LW�ZLOO�VWRS�VHQGLQJ�KHDUWEHDWV�WR�WKH�UHVRXUFH�PDQDJHU��DQG
WKH�QRGH�PDQDJHU�ZLOO�EH�UHPRYHG�IURP�WKH�UHVRXUFH�PDQDJHU¦V�SRRO�RI�DYDLODEOH�QRGHV�
7KH�SURSHUW\�yarn.resourcemanager.nm.liveness-monitor.expiry-interval-ms��ZKLFK
GHIDXOWV�WR������������PLQXWHV���GHWHUPLQHV�WKH�WLPH�WKH�UHVRXUFH�PDQDJHU�ZDLWV�EHIRUH
FRQVLGHULQJ�D�QRGH�PDQDJHU�WKDW�KDV�VHQW�QR�KHDUWEHDW�GXULQJ�WKDW�SHULRG�DV�IDLOHG�
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$Q\�WDVN�RU�DSSOLFDWLRQ�PDVWHU�UXQQLQJ�RQ�WKH�IDLOHG�QRGH�PDQDJHU�ZLOO�EH�UHFRYHUHG
XVLQJ�WKH�PHFKDQLVPV�GHVFULEHG�LQ�WKH�SUHYLRXV�WZR�VHFWLRQV�

1RGH�PDQDJHUV�PD\�EH�EODFNOLVWHG�LI�WKH�QXPEHU�RI�IDLOXUHV�IRU�WKH�DSSOLFDWLRQ�LV�KLJK�
%ODFNOLVWLQJ� LV�GRQH�E\� WKH�DSSOLFDWLRQ�PDVWHU�� DQG� IRU�0DS5HGXFH� WKH�DSSOLFDWLRQ
PDVWHU�ZLOO�WU\�WR�UHVFKHGXOH�WDVNV�RQ�GLIIHUHQW�QRGHV�LI�PRUH�WKDQ�WKUHH�WDVNV�IDLO�RQ�D
QRGH�PDQDJHU�� 7KH� XVHU�PD\� VHW� WKH� WKUHVKROG�ZLWK� WKH� mapreduce.job.maxtaskfai
lures.per.tracker�

1RWH�WKDW�WKH�UHVRXUFH�PDQDJHU�GRHV�QRW�GR�EODFNOLVWLQJ��DW�WKH�WLPH�RI
WKLV�ZULWLQJ���VR�WDVNV�IURP�QHZ�MREV�PD\�EH�VFKHGXOHG�RQ�EDG�QRGHV�
HYHQ�LI�WKH\�KDYH�EHHQ�EODFNOLVWHG�E\�DQ�DSSOLFDWLRQ�PDVWHU�UXQQLQJ�DQ
HDUOLHU�MRE�

Resource manager failure
)DLOXUH�RI�WKH�UHVRXUFH�PDQDJHU�LV�VHULRXV��EHFDXVH�ZLWKRXW�LW��QHLWKHU�MREV�QRU�WDVN
FRQWDLQHUV�FDQ�EH�ODXQFKHG��7KH�UHVRXUFH�PDQDJHU�ZDV�GHVLJQHG�IURP�WKH�RXWVHW�WR�EH
DEOH�WR�UHFRYHU�IURP�FUDVKHV�E\�XVLQJ�D�FKHFNSRLQWLQJ�PHFKDQLVP�WR�VDYH�LWV�VWDWH�WR
SHUVLVWHQW�VWRUDJH��DOWKRXJK�DW�WKH�WLPH�RI�WKLV�ZULWLQJ��WKH�ODWHVW�UHOHDVH�GLG�QRW�KDYH�D
FRPSOHWH�LPSOHPHQWDWLRQ�

$IWHU�D�FUDVK��D�QHZ�UHVRXUFH�PDQDJHU�LQVWDQFH�LV�EURXJKW�XS��E\�DQ�DGPLQLVWUDWRU��
DQG�LW�UHFRYHUV�IURP�WKH�VDYHG�VWDWH��7KH�VWDWH�FRQVLVWV�RI�WKH�QRGH�PDQDJHUV�LQ�WKH
V\VWHP�DV�ZHOO�DV�WKH�UXQQLQJ�DSSOLFDWLRQV���1RWH�WKDW�WDVNV�DUH�QRW�SDUW�RI�WKH�UHVRXUFH
PDQDJHU¦V�VWDWH��VLQFH�WKH\�DUH�PDQDJHG�E\�WKH�DSSOLFDWLRQ�PDVWHU��7KXV�WKH�DPRXQW
RI�VWDWH�WR�EH�VWRUHG�LV�PXFK�PRUH�PDQDJHDEOH�WKDQ�WKDW�RI�WKH�MREWUDFNHU��

7KH�VWRUDJH�XVHG�E\� WKH�UHVRXUFH�PDQDJHU� LV�FRQILJXUDEOH�YLD� WKH�yarn.resourceman
ager.store.class� SURSHUW\�� 7KH� GHIDXOW� LV� org.apache.hadoop.yarn.server.resource
manager.recovery.MemStore��ZKLFK� NHHSV� WKH� VWRUH� LQ�PHPRU\� DQG� WKHUHIRUH� LV� QRW
KLJKO\� DYDLODEOH��+RZHYHU�� WKHUH� LV� D�=RR.HHSHU�EDVHG� VWRUH� LQ� WKH�ZRUNV� WKDW�ZLOO
VXSSRUW�UHOLDEOH�UHFRYHU\�IURP�UHVRXUFH�PDQDJHU�IDLOXUHV�LQ�WKH�IXWXUH�

Job Scheduling
(DUO\�YHUVLRQV�RI�+DGRRS�KDG�D�YHU\�VLPSOH�DSSURDFK�WR�VFKHGXOLQJ�XVHUV¦�MREV��WKH\
UDQ�LQ�RUGHU�RI�VXEPLVVLRQ��XVLQJ�D�),)2�VFKHGXOHU��7\SLFDOO\��HDFK�MRE�ZRXOG�XVH�WKH
ZKROH�FOXVWHU��VR�MREV�KDG�WR�ZDLW�WKHLU�WXUQ��$OWKRXJK�D�VKDUHG�FOXVWHU�RIIHUV�JUHDW
SRWHQWLDO�IRU�RIIHULQJ�ODUJH�UHVRXUFHV�WR�PDQ\�XVHUV��WKH�SUREOHP�RI�VKDULQJ�UHVRXUFHV
IDLUO\�EHWZHHQ�XVHUV�UHTXLUHV�D�EHWWHU�VFKHGXOHU��3URGXFWLRQ�MREV�QHHG�WR�FRPSOHWH�LQ�D
WLPHO\�PDQQHU��ZKLOH�DOORZLQJ�XVHUV�ZKR�DUH�PDNLQJ�VPDOOHU�DG�KRF�TXHULHV� WR�JHW
UHVXOWV�EDFN�LQ�D�UHDVRQDEOH�WLPH�
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/DWHU� RQ�� WKH� DELOLW\� WR� VHW� D� MRE¦V� SULRULW\�ZDV� DGGHG�� YLD� WKH� mapred.job.priority
SURSHUW\�RU�WKH�setJobPriority()�PHWKRG�RQ�JobClient��ERWK�RI�ZKLFK�WDNH�RQH�RI�WKH
YDOXHV�VERY_HIGH��HIGH��NORMAL��LOW��RU�VERY_LOW���:KHQ�WKH�MRE�VFKHGXOHU�LV�FKRRVLQJ
WKH�QH[W�MRE�WR�UXQ��LW�VHOHFWV�RQH�ZLWK�WKH�KLJKHVW�SULRULW\��+RZHYHU��ZLWK�WKH�),)2
VFKHGXOHU�� SULRULWLHV� GR� QRW� VXSSRUW� SUHHPSWLRQ�� VR� D� KLJK�SULRULW\� MRE� FDQ� VWLOO� EH
EORFNHG�E\�D�ORQJ�UXQQLQJ��ORZ�SULRULW\�MRE�WKDW�VWDUWHG�EHIRUH�WKH�KLJK�SULRULW\�MRE
ZDV�VFKHGXOHG�

0DS5HGXFH�LQ�+DGRRS�FRPHV�ZLWK�D�FKRLFH�RI�VFKHGXOHUV��7KH�GHIDXOW�LQ�0DS5HGXFH
��LV�WKH�RULJLQDO�),)2�TXHXH�EDVHG�VFKHGXOHU��DQG�WKHUH�DUH�DOVR�PXOWLXVHU�VFKHGXOHUV
FDOOHG�WKH�)DLU�6FKHGXOHU�DQG�WKH�&DSDFLW\�6FKHGXOHU�

The Fair Scheduler
7KH�)DLU�6FKHGXOHU�DLPV�WR�JLYH�HYHU\�XVHU�D�IDLU�VKDUH�RI�WKH�FOXVWHU�FDSDFLW\�RYHU�WLPH�
,I�D�VLQJOH�MRE�LV�UXQQLQJ��LW�JHWV�DOO�RI�WKH�FOXVWHU��$V�PRUH�MREV�DUH�VXEPLWWHG��IUHH�WDVN
VORWV�DUH�JLYHQ�WR�WKH�MREV�LQ�VXFK�D�ZD\�DV�WR�JLYH�HDFK�XVHU�D�IDLU�VKDUH�RI�WKH�FOXVWHU�
$�VKRUW�MRE�EHORQJLQJ�WR�RQH�XVHU�ZLOO�FRPSOHWH�LQ�D�UHDVRQDEOH�WLPH�HYHQ�ZKLOH�DQRWKHU
XVHU¦V�ORQJ�MRE�LV�UXQQLQJ��DQG�WKH�ORQJ�MRE�ZLOO�VWLOO�PDNH�SURJUHVV�

-REV�DUH�SODFHG� LQ�SRROV��DQG�E\�GHIDXOW�� HDFK�XVHU�JHWV�KHU�RZQ�SRRO��$�XVHU�ZKR
VXEPLWV�PRUH�MREV�WKDQ�D�VHFRQG�XVHU�ZLOO�QRW�JHW�DQ\�PRUH�FOXVWHU�UHVRXUFHV�WKDQ�WKH
VHFRQG��RQ�DYHUDJH��,W�LV�DOVR�SRVVLEOH�WR�GHILQH�FXVWRP�SRROV�ZLWK�JXDUDQWHHG�PLQLPXP
FDSDFLWLHV�VSHFLILHG�LQ�WHUPV�RI�WKH�QXPEHU�RI�PDS�DQG�UHGXFH�VORWV��DQG�WR�VHW�ZHLJKW�
LQJV�IRU�HDFK�SRRO�

7KH�)DLU�6FKHGXOHU�VXSSRUWV�SUHHPSWLRQ��VR�LI�D�SRRO�KDV�QRW�UHFHLYHG�LWV�IDLU�VKDUH�IRU
D�FHUWDLQ�SHULRG�RI�WLPH��WKH�VFKHGXOHU�ZLOO�NLOO�WDVNV�LQ�SRROV�UXQQLQJ�RYHU�FDSDFLW\�LQ
RUGHU�WR�JLYH�PRUH�VORWV�WR�WKH�SRRO�UXQQLQJ�XQGHU�FDSDFLW\�

7KH�)DLU�6FKHGXOHU�LV�D�£FRQWULE¤�PRGXOH��7R�HQDEOH�LW��SODFH�LWV�-$5�ILOH�RQ�+DGRRS¦V
FODVVSDWK�E\�FRS\LQJ�LW�IURP�+DGRRS¦V�FRQWULE�IDLUVFKHGXOHU�GLUHFWRU\�WR�WKH�OLE�GLUHF�
WRU\��7KHQ�VHW�WKH�mapred.jobtracker.taskScheduler�SURSHUW\�WR�

org.apache.hadoop.mapred.FairScheduler

7KH�)DLU�6FKHGXOHU�ZLOO�ZRUN�ZLWKRXW�IXUWKHU�FRQILJXUDWLRQ��EXW�WR�WDNH�IXOO�DGYDQWDJH
RI�LWV�IHDWXUHV�DQG�OHDUQ�KRZ�WR�FRQILJXUH�LW��LQFOXGLQJ�LWV�ZHE�LQWHUIDFH���UHIHU�WR�WKH
5($'0(�ILOH�LQ�WKH�VUF�FRQWULE�IDLUVFKHGXOHU�GLUHFWRU\�RI�WKH�GLVWULEXWLRQ�

The Capacity Scheduler
7KH�&DSDFLW\�6FKHGXOHU�WDNHV�D�VOLJKWO\�GLIIHUHQW�DSSURDFK�WR�PXOWLXVHU�VFKHGXOLQJ��$
FOXVWHU�LV�PDGH�XS�RI�D�QXPEHU�RI�TXHXHV��OLNH�WKH�)DLU�6FKHGXOHU¦V�SRROV���ZKLFK�PD\
EH�KLHUDUFKLFDO��VR�D�TXHXH�PD\�EH�WKH�FKLOG�RI�DQRWKHU�TXHXH���DQG�HDFK�TXHXH�KDV�DQ
DOORFDWHG�FDSDFLW\��7KLV�LV�OLNH�WKH�)DLU�6FKHGXOHU��H[FHSW�WKDW�ZLWKLQ�HDFK�TXHXH��MREV
DUH�VFKHGXOHG�XVLQJ�),)2�VFKHGXOLQJ��ZLWK�SULRULWLHV���,Q�HIIHFW��WKH�&DSDFLW\�6FKHGXOHU
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DOORZV�XVHUV�RU�RUJDQL]DWLRQV��GHILQHG�XVLQJ�TXHXHV��WR�VLPXODWH�D�VHSDUDWH�0DS5HGXFH
FOXVWHU�ZLWK�),)2�VFKHGXOLQJ�IRU�HDFK�XVHU�RU�RUJDQL]DWLRQ��,Q�FRQWUDVW��WKH�)DLU�6FKHG�
XOHU� �ZKLFK� DFWXDOO\� DOVR� VXSSRUWV�),)2� MRE� VFKHGXOLQJ�ZLWKLQ�SRROV� DV� DQ�RSWLRQ�
PDNLQJ�LW�OLNH�WKH�&DSDFLW\�6FKHGXOHU��HQIRUFHV�IDLU�VKDULQJ�ZLWKLQ�HDFK�SRRO��VR�UXQQLQJ
MREV�VKDUH�WKH�SRRO¦V�UHVRXUFHV�

Shuffle and Sort
0DS5HGXFH�PDNHV�WKH�JXDUDQWHH�WKDW�WKH�LQSXW�WR�HYHU\�UHGXFHU�LV�VRUWHG�E\�NH\��7KH
SURFHVV�E\�ZKLFK�WKH�V\VWHP�SHUIRUPV�WKH�VRUW¢DQG�WUDQVIHUV�WKH�PDS�RXWSXWV�WR�WKH
UHGXFHUV�DV�LQSXWV¢LV�NQRZQ�DV�WKH�VKXIIOH���,Q�WKLV�VHFWLRQ��ZH�ORRN�DW�KRZ�WKH�VKXIIOH
ZRUNV��DV�D�EDVLF�XQGHUVWDQGLQJ�ZRXOG�EH�KHOSIXO��VKRXOG�\RX�QHHG�WR�RSWLPL]H�D�0DS�
5HGXFH� SURJUDP�� 7KH� VKXIIOH� LV� DQ� DUHD� RI� WKH� FRGHEDVH� ZKHUH� UHILQHPHQWV� DQG
LPSURYHPHQWV� DUH� FRQWLQXDOO\�EHLQJ�PDGH�� VR� WKH� IROORZLQJ�GHVFULSWLRQ�QHFHVVDULO\
FRQFHDOV�PDQ\�GHWDLOV��DQG�PD\�FKDQJH�RYHU�WLPH��WKLV�LV�IRU�YHUVLRQ��������,Q�PDQ\
ZD\V��WKH�VKXIIOH�LV�WKH�KHDUW�RI�0DS5HGXFH�DQG�LV�ZKHUH�WKH�£PDJLF¤�KDSSHQV�

The Map Side
:KHQ�WKH�PDS�IXQFWLRQ�VWDUWV�SURGXFLQJ�RXWSXW��LW�LV�QRW�VLPSO\�ZULWWHQ�WR�GLVN��7KH
SURFHVV�LV�PRUH�LQYROYHG��DQG�WDNHV�DGYDQWDJH�RI�EXIIHULQJ�ZULWHV�LQ�PHPRU\�DQG�GRLQJ
VRPH�SUHVRUWLQJ�IRU�HIILFLHQF\�UHDVRQV��)LJXUH�����VKRZV�ZKDW�KDSSHQV�

)LJXUH������6KXIIOH�DQG�VRUW�LQ�0DS5HGXFH

�� 7KH�WHUP�VKXIIOH�LV�DFWXDOO\�LPSUHFLVH��VLQFH�LQ�VRPH�FRQWH[WV�LW�UHIHUV�WR�RQO\�WKH�SDUW�RI�WKH�SURFHVV�ZKHUH
PDS�RXWSXWV�DUH�IHWFKHG�E\�UHGXFH�WDVNV��,Q�WKLV�VHFWLRQ��ZH�WDNH�LW�WR�PHDQ�WKH�ZKROH�SURFHVV��IURP�WKH
SRLQW�ZKHUH�D�PDS�SURGXFHV�RXWSXW�WR�ZKHUH�D�UHGXFH�FRQVXPHV�LQSXW�
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(DFK�PDS�WDVN�KDV�D�FLUFXODU�PHPRU\�EXIIHU�WKDW�LW�ZULWHV�WKH�RXWSXW�WR��7KH�EXIIHU�LV
����0%�E\�GHIDXOW��D�VL]H�WKDW�FDQ�EH�WXQHG�E\�FKDQJLQJ�WKH�io.sort.mb�SURSHUW\��:KHQ
WKH� FRQWHQWV� RI� WKH� EXIIHU� UHDFKHV� D� FHUWDLQ� WKUHVKROG� VL]H� �io.sort.spill.percent�
ZKLFK�KDV�WKH�GHIDXOW�0.80��RU�������D�EDFNJURXQG�WKUHDG�ZLOO�VWDUW�WR�VSLOO�WKH�FRQWHQWV
WR�GLVN��0DS�RXWSXWV�ZLOO�FRQWLQXH�WR�EH�ZULWWHQ�WR�WKH�EXIIHU�ZKLOH�WKH�VSLOO�WDNHV�SODFH�
EXW�LI�WKH�EXIIHU�ILOOV�XS�GXULQJ�WKLV�WLPH��WKH�PDS�ZLOO�EORFN�XQWLO�WKH�VSLOO�LV�FRPSOHWH�

6SLOOV� DUH� ZULWWHQ� LQ� URXQG�URELQ� IDVKLRQ� WR� WKH� GLUHFWRULHV� VSHFLILHG� E\� WKH�
mapred.local.dir�SURSHUW\��LQ�D�MRE�VSHFLILF�VXEGLUHFWRU\�

%HIRUH�LW�ZULWHV�WR�GLVN��WKH�WKUHDG�ILUVW�GLYLGHV�WKH�GDWD�LQWR�SDUWLWLRQV�FRUUHVSRQGLQJ
WR�WKH�UHGXFHUV�WKDW�WKH\�ZLOO�XOWLPDWHO\�EH�VHQW�WR��:LWKLQ�HDFK�SDUWLWLRQ��WKH�EDFN�
JURXQG�WKUHDG�SHUIRUPV�DQ�LQ�PHPRU\�VRUW�E\�NH\��DQG�LI�WKHUH�LV�D�FRPELQHU�IXQFWLRQ�
LW�LV�UXQ�RQ�WKH�RXWSXW�RI�WKH�VRUW��5XQQLQJ�WKH�FRPELQHU�IXQFWLRQ�PDNHV�IRU�D�PRUH
FRPSDFW�PDS�RXWSXW��VR�WKHUH�LV�OHVV�GDWD�WR�ZULWH�WR�ORFDO�GLVN�DQG�WR�WUDQVIHU�WR�WKH
UHGXFHU�

(DFK�WLPH�WKH�PHPRU\�EXIIHU�UHDFKHV�WKH�VSLOO�WKUHVKROG��D�QHZ�VSLOO�ILOH�LV�FUHDWHG��VR
DIWHU�WKH�PDS�WDVN�KDV�ZULWWHQ�LWV�ODVW�RXWSXW�UHFRUG��WKHUH�FRXOG�EH�VHYHUDO�VSLOO�ILOHV�
%HIRUH�WKH�WDVN�LV�ILQLVKHG��WKH�VSLOO�ILOHV�DUH�PHUJHG�LQWR�D�VLQJOH�SDUWLWLRQHG�DQG�VRUWHG
RXWSXW�ILOH��7KH�FRQILJXUDWLRQ�SURSHUW\�io.sort.factor�FRQWUROV�WKH�PD[LPXP�QXPEHU
RI�VWUHDPV�WR�PHUJH�DW�RQFH��WKH�GHIDXOW�LV����

,I�WKHUH�DUH�DW�OHDVW�WKUHH�VSLOO�ILOHV��VHW�E\�WKH�min.num.spills.for.combine�SURSHUW\��
WKH�FRPELQHU�LV�UXQ�DJDLQ�EHIRUH�WKH�RXWSXW�ILOH�LV�ZULWWHQ��5HFDOO�WKDW�FRPELQHUV�PD\
EH�UXQ�UHSHDWHGO\�RYHU�WKH�LQSXW�ZLWKRXW�DIIHFWLQJ�WKH�ILQDO�UHVXOW��,I�WKHUH�DUH�RQO\�RQH
RU�WZR�VSLOOV��WKH�SRWHQWLDO�UHGXFWLRQ�LQ�PDS�RXWSXW�VL]H�LV�QRW�ZRUWK�WKH�RYHUKHDG�LQ
LQYRNLQJ�WKH�FRPELQHU��VR�LW�LV�QRW�UXQ�DJDLQ�IRU�WKLV�PDS�RXWSXW�

,W�LV�RIWHQ�D�JRRG�LGHD�WR�FRPSUHVV�WKH�PDS�RXWSXW�DV�LW�LV�ZULWWHQ�WR�GLVN�EHFDXVH�GRLQJ
VR�PDNHV�LW�IDVWHU�WR�ZULWH�WR�GLVN��VDYHV�GLVN�VSDFH��DQG�UHGXFHV�WKH�DPRXQW�RI�GDWD�WR
WUDQVIHU�WR�WKH�UHGXFHU��%\�GHIDXOW��WKH�RXWSXW�LV�QRW�FRPSUHVVHG��EXW�LW�LV�HDV\�WR�HQDEOH
WKLV�E\�VHWWLQJ�mapred.compress.map.output�WR�true��7KH�FRPSUHVVLRQ�OLEUDU\�WR�XVH�LV
VSHFLILHG�E\�mapred.map.output.compression.codec��VHH�£&RPSUHVVLRQ¤�RQ�SDJH����IRU
PRUH�RQ�FRPSUHVVLRQ�IRUPDWV�

7KH�RXWSXW�ILOH¦V�SDUWLWLRQV�DUH�PDGH�DYDLODEOH�WR�WKH�UHGXFHUV�RYHU�+773��7KH�PD[L�
PXP�QXPEHU�RI�ZRUNHU�WKUHDGV�XVHG�WR�VHUYH�WKH�ILOH�SDUWLWLRQV�LV�FRQWUROOHG�E\�WKH�
tasktracker.http.threads�SURSHUW\��WKLV�VHWWLQJ�LV�SHU�WDVNWUDFNHU��QRW�SHU�PDS�WDVN
VORW��7KH�GHIDXOW�RI����PD\�QHHG�WR�EH�LQFUHDVHG�IRU�ODUJH�FOXVWHUV�UXQQLQJ�ODUJH�MREV�
,Q�0DS5HGXFH���� WKLV�SURSHUW\� LV�QRW�DSSOLFDEOH�EHFDXVH� WKH�PD[LPXP�QXPEHU�RI
WKUHDGV�XVHG�LV�VHW�DXWRPDWLFDOO\�EDVHG�RQ�WKH�QXPEHU�RI�SURFHVVRUV�RQ�WKH�PDFKLQH�
�0DS5HGXFH���XVHV�1HWW\��ZKLFK�E\�GHIDXOW�DOORZV�XS�WR�WZLFH�DV�PDQ\�WKUHDGV�DV�WKHUH
DUH�SURFHVVRUV��
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The Reduce Side
/HW¦V�WXUQ�QRZ�WR�WKH�UHGXFH�SDUW�RI�WKH�SURFHVV��7KH�PDS�RXWSXW�ILOH�LV�VLWWLQJ�RQ�WKH
ORFDO�GLVN�RI�WKH�PDFKLQH�WKDW�UDQ�WKH�PDS�WDVN��QRWH�WKDW�DOWKRXJK�PDS�RXWSXWV�DOZD\V
JHW�ZULWWHQ� WR� ORFDO�GLVN�� UHGXFH�RXWSXWV�PD\�QRW�EH���EXW�QRZ� LW� LV�QHHGHG�E\� WKH
PDFKLQH�WKDW�LV�DERXW�WR�UXQ�WKH�UHGXFH�WDVN�IRU�WKH�SDUWLWLRQ��)XUWKHUPRUH��WKH�UHGXFH
WDVN�QHHGV�WKH�PDS�RXWSXW�IRU�LWV�SDUWLFXODU�SDUWLWLRQ�IURP�VHYHUDO�PDS�WDVNV�DFURVV�WKH
FOXVWHU��7KH�PDS�WDVNV�PD\�ILQLVK�DW�GLIIHUHQW�WLPHV��VR�WKH�UHGXFH�WDVN�VWDUWV�FRS\LQJ
WKHLU�RXWSXWV�DV�VRRQ�DV�HDFK�FRPSOHWHV��7KLV�LV�NQRZQ�DV�WKH�FRS\�SKDVH�RI�WKH�UHGXFH
WDVN��7KH�UHGXFH�WDVN�KDV�D�VPDOO�QXPEHU�RI�FRSLHU�WKUHDGV�VR�WKDW�LW�FDQ�IHWFK�PDS
RXWSXWV� LQ�SDUDOOHO��7KH�GHIDXOW� LV� ILYH� WKUHDGV��EXW� WKLV�QXPEHU�FDQ�EH�FKDQJHG�E\
VHWWLQJ�WKH�mapred.reduce.parallel.copies�SURSHUW\�

+RZ�GR�UHGXFHUV�NQRZ�ZKLFK�PDFKLQHV�WR�IHWFK�PDS�RXWSXW�IURP"

$V�PDS�WDVNV�FRPSOHWH�VXFFHVVIXOO\��WKH\�QRWLI\�WKHLU�SDUHQW�WDVNWUDFNHU
RI�WKH�VWDWXV�XSGDWH��ZKLFK�LQ�WXUQ�QRWLILHV�WKH�MREWUDFNHU���,Q�0DS5H�
GXFH����WKH�WDVNV�QRWLI\�WKHLU�DSSOLFDWLRQ�PDVWHU�GLUHFWO\���7KHVH�QRWLIL�
FDWLRQV�DUH�WUDQVPLWWHG�RYHU�WKH�KHDUWEHDW�FRPPXQLFDWLRQ�PHFKDQLVP
GHVFULEHG�HDUOLHU��7KHUHIRUH��IRU�D�JLYHQ�MRE��WKH�MREWUDFNHU��RU�DSSOLFD�
WLRQ�PDVWHU��NQRZV�WKH�PDSSLQJ�EHWZHHQ�PDS�RXWSXWV�DQG�KRVWV��$
WKUHDG�LQ�WKH�UHGXFHU�SHULRGLFDOO\�DVNV�WKH�PDVWHU�IRU�PDS�RXWSXW�KRVWV
XQWLO�LW�KDV�UHWULHYHG�WKHP�DOO�

+RVWV�GR�QRW�GHOHWH�PDS�RXWSXWV�IURP�GLVN�DV�VRRQ�DV�WKH�ILUVW�UHGXFHU
KDV�UHWULHYHG�WKHP��DV�WKH�UHGXFHU�PD\�VXEVHTXHQWO\�IDLO��,QVWHDG��WKH\
ZDLW�XQWLO�WKH\�DUH�WROG�WR�GHOHWH�WKHP�E\�WKH�MREWUDFNHU��RU�DSSOLFDWLRQ
PDVWHU���ZKLFK�LV�DIWHU�WKH�MRE�KDV�FRPSOHWHG�

7KH�PDS�RXWSXWV�DUH�FRSLHG�WR�WKH�UHGXFH�WDVN�-90¦V�PHPRU\�LI�WKH\�DUH�VPDOO�HQRXJK
�WKH� EXIIHU¦V� VL]H� LV� FRQWUROOHG� E\� mapred.job.shuffle.input.buffer.percent��ZKLFK
VSHFLILHV�WKH�SURSRUWLRQ�RI�WKH�KHDS�WR�XVH�IRU�WKLV�SXUSRVH���RWKHUZLVH��WKH\�DUH�FRSLHG
WR� GLVN�� :KHQ� WKH� LQ�PHPRU\� EXIIHU� UHDFKHV� D� WKUHVKROG� VL]H� �FRQWUROOHG� E\
mapred.job.shuffle.merge.percent�� RU� UHDFKHV� D� WKUHVKROG� QXPEHU� RI�PDS� RXWSXWV
�mapred.inmem.merge.threshold���LW�LV�PHUJHG�DQG�VSLOOHG�WR�GLVN��,I�D�FRPELQHU�LV�VSHFL�
ILHG��LW�ZLOO�EH�UXQ�GXULQJ�WKH�PHUJH�WR�UHGXFH�WKH�DPRXQW�RI�GDWD�ZULWWHQ�WR�GLVN�

$V�WKH�FRSLHV�DFFXPXODWH�RQ�GLVN��D�EDFNJURXQG�WKUHDG�PHUJHV�WKHP�LQWR�ODUJHU��VRUWHG
ILOHV��7KLV�VDYHV�VRPH�WLPH�PHUJLQJ� ODWHU�RQ��1RWH� WKDW�DQ\�PDS�RXWSXWV� WKDW�ZHUH
FRPSUHVVHG��E\�WKH�PDS�WDVN��KDYH�WR�EH�GHFRPSUHVVHG�LQ�PHPRU\�LQ�RUGHU�WR�SHUIRUP
D�PHUJH�RQ�WKHP�

:KHQ� DOO� WKH�PDS� RXWSXWV� KDYH� EHHQ� FRSLHG�� WKH� UHGXFH� WDVN�PRYHV� LQWR� WKH� VRUW
SKDVH��ZKLFK�VKRXOG�SURSHUO\�EH�FDOOHG�WKH�PHUJH�SKDVH��DV�WKH�VRUWLQJ�ZDV�FDUULHG�RXW
RQ�WKH�PDS�VLGH���ZKLFK�PHUJHV�WKH�PDS�RXWSXWV��PDLQWDLQLQJ�WKHLU�VRUW�RUGHULQJ��7KLV
LV�GRQH�LQ�URXQGV��)RU�H[DPSOH��LI�WKHUH�ZHUH����PDS�RXWSXWV�DQG�WKH�PHUJH�IDFWRU�ZDV
����WKH�GHIDXOW��FRQWUROOHG�E\�WKH�io.sort.factor�SURSHUW\��MXVW�OLNH�LQ�WKH�PDS¦V�PHUJH��
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WKHUH�ZRXOG�EH�ILYH�URXQGV��(DFK�URXQG�ZRXOG�PHUJH����ILOHV�LQWR�RQH��VR�DW�WKH�HQG
WKHUH�ZRXOG�EH�ILYH�LQWHUPHGLDWH�ILOHV�

5DWKHU�WKDQ�KDYH�D�ILQDO�URXQG�WKDW�PHUJHV�WKHVH�ILYH�ILOHV�LQWR�D�VLQJOH�VRUWHG�ILOH��WKH
PHUJH�VDYHV�D�WULS�WR�GLVN�E\�GLUHFWO\�IHHGLQJ�WKH�UHGXFH�IXQFWLRQ�LQ�ZKDW�LV�WKH�ODVW
SKDVH��WKH�UHGXFH�SKDVH��7KLV�ILQDO�PHUJH�FDQ�FRPH�IURP�D�PL[WXUH�RI�LQ�PHPRU\�DQG
RQ�GLVN�VHJPHQWV�

7KH�QXPEHU�RI�ILOHV�PHUJHG�LQ�HDFK�URXQG�LV�DFWXDOO\�PRUH�VXEWOH�WKDQ
WKLV�H[DPSOH�VXJJHVWV��7KH�JRDO�LV�WR�PHUJH�WKH�PLQLPXP�QXPEHU�RI
ILOHV�WR�JHW�WR�WKH�PHUJH�IDFWRU�IRU�WKH�ILQDO�URXQG��6R�LI�WKHUH�ZHUH���
ILOHV��WKH�PHUJH�ZRXOG�QRW�PHUJH����ILOHV�LQ�HDFK�RI�WKH�IRXU�URXQGV�WR
JHW���ILOHV��,QVWHDG��WKH�ILUVW�URXQG�ZRXOG�PHUJH�RQO\���ILOHV��DQG�WKH
VXEVHTXHQW�WKUHH�URXQGV�ZRXOG�PHUJH�WKH�IXOO����ILOHV��7KH���PHUJHG
ILOHV�DQG�WKH����DV�\HW�XQPHUJHG��ILOHV�PDNH�D�WRWDO�RI����ILOHV�IRU�WKH�ILQDO
URXQG��7KH�SURFHVV�LV�LOOXVWUDWHG�LQ�)LJXUH�����

1RWH�WKDW�WKLV�GRHV�QRW�FKDQJH�WKH�QXPEHU�RI�URXQGV��LW¦V�MXVW�DQ�RSWL�
PL]DWLRQ�WR�PLQLPL]H�WKH�DPRXQW�RI�GDWD�WKDW�LV�ZULWWHQ�WR�GLVN��VLQFH
WKH�ILQDO�URXQG�DOZD\V�PHUJHV�GLUHFWO\�LQWR�WKH�UHGXFH�

'XULQJ�WKH�UHGXFH�SKDVH�� WKH�UHGXFH� IXQFWLRQ� LV� LQYRNHG�IRU�HDFK�NH\� LQ� WKH�VRUWHG
RXWSXW��7KH�RXWSXW�RI�WKLV�SKDVH�LV�ZULWWHQ�GLUHFWO\�WR�WKH�RXWSXW�ILOHV\VWHP��W\SLFDOO\
+')6��,Q�WKH�FDVH�RI�+')6��EHFDXVH�WKH�WDVNWUDFNHU�QRGH��RU�QRGH�PDQDJHU��LV�DOVR
UXQQLQJ�D�GDWDQRGH��WKH�ILUVW�EORFN�UHSOLFD�ZLOO�EH�ZULWWHQ�WR�WKH�ORFDO�GLVN�

Configuration Tuning
:H�DUH�QRZ�LQ�D�EHWWHU�SRVLWLRQ�WR�XQGHUVWDQG�KRZ�WR� WXQH� WKH�VKXIIOH� WR� LPSURYH
0DS5HGXFH�SHUIRUPDQFH��7KH�UHOHYDQW�VHWWLQJV��ZKLFK�FDQ�EH�XVHG�RQ�D�SHU�MRE�EDVLV
�H[FHSW�ZKHUH�QRWHG���DUH�VXPPDUL]HG�LQ�7DEOHV�����DQG������DORQJ�ZLWK�WKH�GHIDXOWV�
ZKLFK�DUH�JRRG�IRU�JHQHUDO�SXUSRVH�MREV�

7KH�JHQHUDO�SULQFLSOH�LV�WR�JLYH�WKH�VKXIIOH�DV�PXFK�PHPRU\�DV�SRVVLEOH��+RZHYHU��WKHUH
LV�D�WUDGH�RII��LQ�WKDW�\RX�QHHG�WR�PDNH�VXUH�WKDW�\RXU�PDS�DQG�UHGXFH�IXQFWLRQV�JHW
HQRXJK�PHPRU\�WR�RSHUDWH��7KLV�LV�ZK\�LW�LV�EHVW�WR�ZULWH�\RXU�PDS�DQG�UHGXFH�IXQFWLRQV
WR� XVH� DV� OLWWOH�PHPRU\� DV� SRVVLEOH¢FHUWDLQO\� WKH\� VKRXOG� QRW� XVH� DQ� XQERXQGHG
DPRXQW�RI�PHPRU\��E\�DYRLGLQJ�DFFXPXODWLQJ�YDOXHV�LQ�D�PDS��IRU�H[DPSOH��

7KH�DPRXQW�RI�PHPRU\�JLYHQ�WR�WKH�-90V�LQ�ZKLFK�WKH�PDS�DQG�UHGXFH�WDVNV�UXQ�LV
VHW�E\�WKH�mapred.child.java.opts�SURSHUW\��<RX�VKRXOG�WU\�WR�PDNH�WKLV�DV�ODUJH�DV
SRVVLEOH� IRU� WKH� DPRXQW� RI�PHPRU\� RQ� \RXU� WDVN� QRGHV�� WKH� GLVFXVVLRQ� LQ� £0HP�
RU\¤�RQ�SDJH�����JRHV�WKURXJK�WKH�FRQVWUDLQWV�WR�FRQVLGHU�

2Q�WKH�PDS�VLGH��WKH�EHVW�SHUIRUPDQFH�FDQ�EH�REWDLQHG�E\�DYRLGLQJ�PXOWLSOH�VSLOOV�WR
GLVN��RQH�LV�RSWLPDO��,I�\RX�FDQ�HVWLPDWH�WKH�VL]H�RI�\RXU�PDS�RXWSXWV��\RX�FDQ�VHW�WKH
io.sort.*�SURSHUWLHV�DSSURSULDWHO\�WR�PLQLPL]H�WKH�QXPEHU�RI�VSLOOV��,Q�SDUWLFXODU��\RX
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VKRXOG� LQFUHDVH�io.sort.mb� LI� \RX�FDQ��7KHUH� LV� D�0DS5HGXFH�FRXQWHU� �£6SLOOHG� UH�
FRUGV¤��VHH�£&RXQWHUV¤�RQ�SDJH������WKDW�FRXQWV�WKH�WRWDO�QXPEHU�RI�UHFRUGV�WKDW�ZHUH
VSLOOHG�WR�GLVN�RYHU�WKH�FRXUVH�RI�D�MRE��ZKLFK�FDQ�EH�XVHIXO�IRU�WXQLQJ��1RWH�WKDW�WKH
FRXQWHU�LQFOXGHV�ERWK�PDS��DQG�UHGXFH�VLGH�VSLOOV�

2Q�WKH�UHGXFH�VLGH��WKH�EHVW�SHUIRUPDQFH�LV�REWDLQHG�ZKHQ�WKH�LQWHUPHGLDWH�GDWD�FDQ
UHVLGH�HQWLUHO\�LQ�PHPRU\��7KLV�GRHV�QRW�KDSSHQ�E\�GHIDXOW��VLQFH�IRU�WKH�JHQHUDO�FDVH
DOO�WKH�PHPRU\�LV�UHVHUYHG�IRU�WKH�UHGXFH�IXQFWLRQ��%XW�LI�\RXU�UHGXFH�IXQFWLRQ�KDV�OLJKW
PHPRU\� UHTXLUHPHQWV�� VHWWLQJ� WKH� mapred.inmem.merge.threshold� WR� 0� DQG� WKH
mapred.job.reduce.input.buffer.percent�WR�1.0��RU�D�ORZHU�YDOXH��VHH�7DEOH������PD\
EULQJ�D�SHUIRUPDQFH�ERRVW�

0RUH�JHQHUDOO\��+DGRRS�XVHV�D�EXIIHU�VL]H�RI���.%�E\�GHIDXOW��ZKLFK�LV�ORZ��VR�\RX
VKRXOG�LQFUHDVH�WKLV�DFURVV�WKH�FOXVWHU��E\�VHWWLQJ�io.file.buffer.size��VHH�DOVR�£2WKHU
+DGRRS�3URSHUWLHV¤�RQ�SDJH������

)LJXUH������(IILFLHQWO\�PHUJLQJ����ILOH�VHJPHQWV�ZLWK�D�PHUJH�IDFWRU�RI���
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,Q�$SULO�������+DGRRS�ZRQ�WKH�JHQHUDO�SXUSRVH�WHUDE\WH�VRUW�EHQFKPDUN��GHVFULEHG
LQ�£7HUD%\WH�6RUW�RQ�$SDFKH�+DGRRS¤�RQ�SDJH�������DQG�RQH�RI� WKH�RSWLPL]DWLRQV
XVHG�ZDV�NHHSLQJ�WKH�LQWHUPHGLDWH�GDWD�LQ�PHPRU\�RQ�WKH�UHGXFH�VLGH�

7DEOH������0DS�VLGH�WXQLQJ�SURSHUWLHV

Property name Type Default value Description

io.sort.mb int 100 The size, in megabytes, of the
memory buffer to use while sorting
map output.

io.sort.record.percent float 0.05 The proportion of io.sort.mb
reserved for storing record bound-
aries of the map outputs. The re-
maining space is used for the map
output records themselves. This
property was removed in releases
after 1.x, as the shuffle code was
improved to do a better job of using
all the available memory for map
output and accounting informa-
tion.

io.sort.spill.percent float 0.80 The threshold usage proportion for
both the map output memory
buffer and the record boundaries
index to start the process of spilling
to disk.

io.sort.factor int 10 The maximum number of streams
to merge at once when sorting files.
This property is also used in the re-
duce. It’s fairly common to increase
this to 100.

min.num.spills.for.
combine

int 3 The minimum number of spill files
needed for the combiner to run (if
a combiner is specified).

mapred.compress.map.
output

boolean false Compress map outputs.

mapred.map.output.
compression.codec

Class name org.apache.hadoop.io.
compress.DefaultCodec

The compression codec to use for
map outputs.

task
tracker.http.threads

int 40 The number of worker threads per
tasktracker for serving the map
outputs to reducers. This is a clus-
ter-wide setting and cannot be set
by individual jobs. Not applicable
in MapReduce 2.
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7DEOH������5HGXFH�VLGH�WXQLQJ�SURSHUWLHV

Property name Type Default value Description

mapred.reduce.parallel.
copies

int 5 The number of threads used to copy map outputs
to the reducer.

mapred.reduce.copy.backoff int 300 The maximum amount of time, in seconds, to spend
retrieving one map output for a reducer before de-
claring it as failed. The reducer may repeatedly re-
attempt a transfer within this time if it fails (using
exponential backoff).

io.sort.factor int 10 The maximum number of streams to merge at once
when sorting files. This property is also used in the
map.

mapred.job.shuffle.input.
buffer.percent

float 0.70 The proportion of total heap size to be allocated to
the map outputs buffer during the copy phase of the
shuffle.

mapred.job.shuffle.merge.
percent

float 0.66 The threshold usage proportion for the map outputs
buffer (defined by mapred.job.shuf
fle.input.buffer.percent) for starting
the process of merging the outputs and spilling to
disk.

mapred.inmem.merge.threshold int 1000 The threshold number of map outputs for starting
the process of merging the outputs and spilling to
disk. A value of 0 or less means there is no threshold,
and the spill behavior is governed solely by
mapred.job.shuffle.merge.percent.

mapred.job.reduce.input.
buffer.percent

float 0.0 The proportion of total heap size to be used for re-
taining map outputs in memory during the reduce.
For the reduce phase to begin, the size of map out-
puts in memory must be no more than this size. By
default, all map outputs are merged to disk before
the reduce begins, to give the reducers as much
memory as possible. However, if your reducers re-
quire less memory, this value may be increased to
minimize the number of trips to disk.

Task Execution
:H�VDZ�KRZ�WKH�0DS5HGXFH�V\VWHP�H[HFXWHV�WDVNV�LQ�WKH�FRQWH[W�RI�WKH�RYHUDOO�MRE�DW
WKH�EHJLQQLQJ�RI�WKLV�FKDSWHU�LQ�£$QDWRP\�RI�D�0DS5HGXFH�-RE�5XQ¤�RQ�SDJH������,Q
WKLV�VHFWLRQ��ZH¦OO�ORRN�DW�VRPH�PRUH�FRQWUROV�WKDW�0DS5HGXFH�XVHUV�KDYH�RYHU�WDVN
H[HFXWLRQ�
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The Task Execution Environment
+DGRRS�SURYLGHV�LQIRUPDWLRQ�WR�D�PDS�RU�UHGXFH�WDVN�DERXW�WKH�HQYLURQPHQW�LQ�ZKLFK
LW�LV�UXQQLQJ��)RU�H[DPSOH��D�PDS�WDVN�FDQ�GLVFRYHU�WKH�QDPH�RI�WKH�ILOH�LW�LV�SURFHVVLQJ
�VHH�£)LOH�LQIRUPDWLRQ�LQ�WKH�PDSSHU¤�RQ�SDJH�������DQG�D�PDS�RU�UHGXFH�WDVN�FDQ�ILQG
RXW�WKH�DWWHPSW�QXPEHU�RI�WKH�WDVN��7KH�SURSHUWLHV�LQ�7DEOH�����FDQ�EH�DFFHVVHG�IURP
WKH�MRE¦V�FRQILJXUDWLRQ��REWDLQHG�LQ�WKH�ROG�0DS5HGXFH�$3,�E\�SURYLGLQJ�DQ�LPSOH�
PHQWDWLRQ�RI�WKH�configure()�PHWKRG�IRU�Mapper�RU�Reducer��ZKHUH�WKH�FRQILJXUDWLRQ
LV�SDVVHG�LQ�DV�DQ�DUJXPHQW��,Q�WKH�QHZ�$3,��WKHVH�SURSHUWLHV�FDQ�EH�DFFHVVHG�IURP�WKH
FRQWH[W�REMHFW�SDVVHG�WR�DOO�PHWKRGV�RI�WKH�Mapper�RU�Reducer�

7DEOH������7DVN�HQYLURQPHQW�SURSHUWLHV

Property name Type Description Example

mapred.job.id String The job ID (see “Job,
Task, and Task Attempt
IDs” on page 165 for a
description of the
format)

job_200811201130_0004

mapred.tip.id String The task ID task_200811201130_0004_m_000003

mapred.task.id String The task attempt ID
(not the task ID)

attempt_200811201130_0004_m_000003_0

mapred.task.
partition

int The index of the task
within the job

3

mapred.task.is.map boolean Whether this task is a
map task

true

Streaming environment variables
+DGRRS�VHWV�MRE�FRQILJXUDWLRQ�SDUDPHWHUV�DV�HQYLURQPHQW�YDULDEOHV�IRU�6WUHDPLQJ�SUR�
JUDPV��+RZHYHU�� LW�UHSODFHV�QRQDOSKDQXPHULF�FKDUDFWHUV�ZLWK�XQGHUVFRUHV�WR�PDNH
VXUH�WKH\�DUH�YDOLG�QDPHV��7KH�IROORZLQJ�3\WKRQ�H[SUHVVLRQ�LOOXVWUDWHV�KRZ�\RX�FDQ
UHWULHYH�WKH�YDOXH�RI�WKH�mapred.job.id�SURSHUW\�IURP�ZLWKLQ�D�3\WKRQ�6WUHDPLQJ�VFULSW�

os.environ["mapred_job_id"]

<RX�FDQ�DOVR�VHW�HQYLURQPHQW�YDULDEOHV�IRU�WKH�6WUHDPLQJ�SURFHVVHV�ODXQFKHG�E\�0DS�
5HGXFH�E\�VXSSO\LQJ�WKH�-cmdenv�RSWLRQ�WR�WKH�6WUHDPLQJ�ODXQFKHU�SURJUDP��RQFH�IRU
HDFK�YDULDEOH�\RX�ZLVK�WR�VHW���)RU�H[DPSOH��WKH�IROORZLQJ�VHWV�WKH�MAGIC_PARAMETER
HQYLURQPHQW�YDULDEOH�

-cmdenv MAGIC_PARAMETER=abracadabra

Speculative Execution
7KH�0DS5HGXFH�PRGHO�LV�WR�EUHDN�MREV�LQWR�WDVNV�DQG�UXQ�WKH�WDVNV�LQ�SDUDOOHO�WR�PDNH
WKH�RYHUDOO�MRE�H[HFXWLRQ�WLPH�VPDOOHU�WKDQ�LW�ZRXOG�EH�LI�WKH�WDVNV�UDQ�VHTXHQWLDOO\�
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7KLV�PDNHV�WKH�MRE�H[HFXWLRQ�WLPH�VHQVLWLYH�WR�VORZ�UXQQLQJ�WDVNV��DV�LW�WDNHV�RQO\�RQH
VORZ�WDVN� WR�PDNH� WKH�ZKROH� MRE� WDNH�VLJQLILFDQWO\� ORQJHU� WKDQ� LW�ZRXOG�KDYH�GRQH
RWKHUZLVH��:KHQ�D�MRE�FRQVLVWV�RI�KXQGUHGV�RU�WKRXVDQGV�RI�WDVNV��WKH�SRVVLELOLW\�RI�D
IHZ�VWUDJJOLQJ�WDVNV�LV�YHU\�UHDO�

7DVNV�PD\�EH�VORZ�IRU�YDULRXV�UHDVRQV��LQFOXGLQJ�KDUGZDUH�GHJUDGDWLRQ�RU�VRIWZDUH
PLVFRQILJXUDWLRQ��EXW�WKH�FDXVHV�PD\�EH�KDUG�WR�GHWHFW�EHFDXVH�WKH�WDVNV�VWLOO�FRPSOHWH
VXFFHVVIXOO\��DOEHLW�DIWHU�D�ORQJHU�WLPH�WKDQ�H[SHFWHG��+DGRRS�GRHVQ¦W�WU\�WR�GLDJQRVH
DQG�IL[�VORZ�UXQQLQJ�WDVNV��LQVWHDG��LW�WULHV�WR�GHWHFW�ZKHQ�D�WDVN�LV�UXQQLQJ�VORZHU�WKDQ
H[SHFWHG�DQG�ODXQFKHV�DQRWKHU�HTXLYDOHQW�WDVN�DV�D�EDFNXS��7KLV�LV�WHUPHG�VSHFXODWLYH
H[HFXWLRQ�RI�WDVNV�

,W¦V�LPSRUWDQW�WR�XQGHUVWDQG�WKDW�VSHFXODWLYH�H[HFXWLRQ�GRHV�QRW�ZRUN�E\�ODXQFKLQJ
WZR�GXSOLFDWH�WDVNV�DW�DERXW�WKH�VDPH�WLPH�VR�WKH\�FDQ�UDFH�HDFK�RWKHU��7KLV�ZRXOG�EH
ZDVWHIXO�RI�FOXVWHU�UHVRXUFHV��5DWKHU��D�VSHFXODWLYH�WDVN�LV�ODXQFKHG�RQO\�DIWHU�DOO�WKH
WDVNV�IRU�D�MRE�KDYH�EHHQ�ODXQFKHG��DQG�WKHQ�RQO\�IRU�WDVNV�WKDW�KDYH�EHHQ�UXQQLQJ�IRU
VRPH�WLPH��DW�OHDVW�D�PLQXWH��DQG�KDYH�IDLOHG�WR�PDNH�DV�PXFK�SURJUHVV��RQ�DYHUDJH��DV
WKH�RWKHU�WDVNV�IURP�WKH�MRE��:KHQ�D�WDVN�FRPSOHWHV�VXFFHVVIXOO\��DQ\�GXSOLFDWH�WDVNV
WKDW�DUH�UXQQLQJ�DUH�NLOOHG�VLQFH�WKH\�DUH�QR�ORQJHU�QHHGHG��6R�LI�WKH�RULJLQDO�WDVN�FRP�
SOHWHV�EHIRUH�WKH�VSHFXODWLYH�WDVN��WKH�VSHFXODWLYH�WDVN�LV�NLOOHG��RQ�WKH�RWKHU�KDQG��LI
WKH�VSHFXODWLYH�WDVN�ILQLVKHV�ILUVW��WKH�RULJLQDO�LV�NLOOHG�

6SHFXODWLYH�H[HFXWLRQ� LV�DQ�RSWLPL]DWLRQ��DQG�QRW�D� IHDWXUH� WR�PDNH� MREV� UXQ�PRUH
UHOLDEO\��,I�WKHUH�DUH�EXJV�WKDW�VRPHWLPHV�FDXVH�D�WDVN�WR�KDQJ�RU�VORZ�GRZQ��UHO\LQJ�RQ
VSHFXODWLYH�H[HFXWLRQ�WR�DYRLG�WKHVH�SUREOHPV�LV�XQZLVH�DQG�ZRQ¦W�ZRUN�UHOLDEO\��VLQFH
WKH�VDPH�EXJV�DUH�OLNHO\�WR�DIIHFW�WKH�VSHFXODWLYH�WDVN��<RX�VKRXOG�IL[�WKH�EXJ�VR�WKDW
WKH�WDVN�GRHVQ¦W�KDQJ�RU�VORZ�GRZQ�

6SHFXODWLYH�H[HFXWLRQ�LV�WXUQHG�RQ�E\�GHIDXOW��,W�FDQ�EH�HQDEOHG�RU�GLVDEOHG�LQGHSHQG�
HQWO\�IRU�PDS�WDVNV�DQG�UHGXFH�WDVNV��RQ�D�FOXVWHU�ZLGH�EDVLV��RU�RQ�D�SHU�MRE�EDVLV��7KH
UHOHYDQW�SURSHUWLHV�DUH�VKRZQ�LQ�7DEOH�����

7DEOH������6SHFXODWLYH�H[HFXWLRQ�SURSHUWLHV

Property name Type Default value Description

mapred.map.tasks.specula
tive.execution

boolean true Whether extra instances
of map tasks may be
launched if a task is mak-
ing slow progress

mapred.reduce.tasks.specula
tive.
execution

boolean true Whether extra instances
of reduce tasks may be
launched if a task is mak-
ing slow progress

yarn.app.mapreduce.am.job.
speculator.class

Class org.apache.hadoop.mapre
duce.v2.
app.speculate.DefaultSpe
culator

The Speculator class
implementing the specu-
lative execution policy
(MapReduce 2 only)
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Property name Type Default value Description

yarn.app.mapreduce.am.job.
task.estimator.class

Class org.apache.hadoop.mapre
duce.v2.
app.speculate.LegacyTa
skRuntimeEstimator

An implementation of 
TaskRuntimeEstima
tor used by Specula
tor instances that pro-
vides estimates for task
runtimes (MapReduce 2
only)

:K\�ZRXOG�\RX�HYHU�ZDQW�WR�WXUQ�RII�VSHFXODWLYH�H[HFXWLRQ"�7KH�JRDO�RI�VSHFXODWLYH
H[HFXWLRQ�LV�WR�UHGXFH�MRE�H[HFXWLRQ�WLPH��EXW�WKLV�FRPHV�DW�WKH�FRVW�RI�FOXVWHU�HIILFLHQF\�
2Q�D�EXV\�FOXVWHU��VSHFXODWLYH�H[HFXWLRQ�FDQ�UHGXFH�RYHUDOO�WKURXJKSXW��VLQFH�UHGXQ�
GDQW�WDVNV�DUH�EHLQJ�H[HFXWHG�LQ�DQ�DWWHPSW�WR�EULQJ�GRZQ�WKH�H[HFXWLRQ�WLPH�IRU�D
VLQJOH�MRE��)RU�WKLV�UHDVRQ��VRPH�FOXVWHU�DGPLQLVWUDWRUV�SUHIHU�WR�WXUQ�LW�RII�RQ�WKH�FOXVWHU
DQG�KDYH�XVHUV�H[SOLFLWO\�WXUQ�LW�RQ�IRU�LQGLYLGXDO�MREV��7KLV�ZDV�HVSHFLDOO\�UHOHYDQW�IRU
ROGHU�YHUVLRQV�RI�+DGRRS��ZKHQ�VSHFXODWLYH�H[HFXWLRQ�FRXOG�EH�RYHUO\�DJJUHVVLYH�LQ
VFKHGXOLQJ�VSHFXODWLYH�WDVNV�

7KHUH�LV�D�JRRG�FDVH�IRU�WXUQLQJ�RII�VSHFXODWLYH�H[HFXWLRQ�IRU�UHGXFH�WDVNV��VLQFH�DQ\
GXSOLFDWH�UHGXFH�WDVNV�KDYH�WR�IHWFK�WKH�VDPH�PDS�RXWSXWV�DV�WKH�RULJLQDO�WDVN��DQG�WKLV
FDQ�VLJQLILFDQWO\�LQFUHDVH�QHWZRUN�WUDIILF�RQ�WKH�FOXVWHU�

$QRWKHU�UHDVRQ�IRU�WXUQLQJ�RII�VSHFXODWLYH�H[HFXWLRQ�LV�IRU�WDVNV�WKDW�DUH�QRW�LGHPSR�
WHQW��+RZHYHU��LQ�PDQ\�FDVHV�LW�LV�SRVVLEOH�WR�ZULWH�WDVNV�WR�EH�LGHPSRWHQW�DQG�XVH�DQ�
OutputCommitter�WR�SURPRWH�WKH�RXWSXW�WR�LWV�ILQDO�ORFDWLRQ�ZKHQ�WKH�WDVN�VXFFHHGV�
7KLV�WHFKQLTXH�LV�H[SODLQHG�LQ�PRUH�GHWDLO�LQ�WKH�QH[W�VHFWLRQ�

Output Committers
+DGRRS�0DS5HGXFH�XVHV�D�FRPPLW�SURWRFRO�WR�HQVXUH�WKDW�MREV�DQG�WDVNV�HLWKHU�VXF�
FHHG�RU�IDLO�FOHDQO\��7KH�EHKDYLRU�LV�LPSOHPHQWHG�E\�WKH�OutputCommitter�LQ�XVH�IRU�WKH
MRE��DQG�WKLV�LV�VHW�LQ�WKH�ROG�0DS5HGXFH�$3,�E\�FDOOLQJ�WKH�setOutputCommitter()�RQ�
JobConf�RU�E\�VHWWLQJ�mapred.output.committer.class�LQ�WKH�FRQILJXUDWLRQ��,Q�WKH�QHZ
0DS5HGXFH�$3,��WKH�OutputCommitter�LV�GHWHUPLQHG�E\�WKH�OutputFormat��YLD�LWV�getOut
putCommitter()�PHWKRG��7KH�GHIDXOW�LV�FileOutputCommitter��ZKLFK�LV�DSSURSULDWH�IRU
ILOH�EDVHG�0DS5HGXFH��<RX�FDQ�FXVWRPL]H�DQ�H[LVWLQJ�OutputCommitter�RU�HYHQ�ZULWH�D
QHZ�LPSOHPHQWDWLRQ�LI�\RX�QHHG�WR�GR�VSHFLDO�VHWXS�RU�FOHDQXS�IRU�MREV�RU�WDVNV�

7KH�OutputCommitter�$3,�LV�DV�IROORZV��LQ�ERWK�ROG�DQG�QHZ�0DS5HGXFH�$3,V��

public abstract class OutputCommitter {

  public abstract void setupJob(JobContext jobContext) throws IOException;
  public void commitJob(JobContext jobContext) throws IOException { }
  public void abortJob(JobContext jobContext, JobStatus.State state)
    throws IOException { }

  public abstract void setupTask(TaskAttemptContext taskContext)
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    throws IOException;
  public abstract boolean needsTaskCommit(TaskAttemptContext taskContext)
    throws IOException;
  public abstract void commitTask(TaskAttemptContext taskContext)
    throws IOException;
  public abstract void abortTask(TaskAttemptContext taskContext)
    throws IOException;

  }
}

7KH�setupJob()�PHWKRG�LV�FDOOHG�EHIRUH�WKH�MRE�LV�UXQ��DQG�LV�W\SLFDOO\�XVHG�WR�SHUIRUP
LQLWLDOL]DWLRQ��)RU�FileOutputCommitter��WKH�PHWKRG�FUHDWHV�WKH�ILQDO�RXWSXW�GLUHFWRU\�
${mapred.output.dir}��DQG�D�WHPSRUDU\�ZRUNLQJ�VSDFH�IRU�WDVN�RXWSXW��${mapred.out
put.dir}/_temporary�

,I�WKH�MRE�VXFFHHGV��WKH�commitJob()�PHWKRG�LV�FDOOHG��ZKLFK�LQ�WKH�GHIDXOW�ILOH�EDVHG
LPSOHPHQWDWLRQ� GHOHWHV� WKH� WHPSRUDU\� ZRUNLQJ� VSDFH� DQG� FUHDWHV� D� KLGGHQ� HPSW\
PDUNHU�ILOH�LQ�WKH�RXWSXW�GLUHFWRU\�FDOOHG�B68&&(66�WR�LQGLFDWH�WR�ILOHV\VWHP�FOLHQWV
WKDW�WKH�MRE�FRPSOHWHG�VXFFHVVIXOO\��,I�WKH�MRE�GLG�QRW�VXFFHHG��abortJob()�LV�FDOOHG�ZLWK
D�VWDWH�REMHFW�LQGLFDWLQJ�ZKHWKHU�WKH�MRE�IDLOHG�RU�ZDV�NLOOHG��E\�D�XVHU��IRU�H[DPSOH��
,Q�WKH�GHIDXOW�LPSOHPHQWDWLRQ��WKLV�ZLOO�GHOHWH�WKH�MRE¦V�WHPSRUDU\�ZRUNLQJ�VSDFH�

7KH�RSHUDWLRQV�DUH�VLPLODU�DW�WKH�WDVN�OHYHO��7KH�setupTask()�PHWKRG�LV�FDOOHG�EHIRUH
WKH�WDVN�LV�UXQ��DQG�WKH�GHIDXOW�LPSOHPHQWDWLRQ�GRHVQ¦W�GR�DQ\WKLQJ��EHFDXVH�WHPSRUDU\
GLUHFWRULHV�QDPHG�IRU�WDVN�RXWSXWV�DUH�FUHDWHG�ZKHQ�WKH�WDVN�RXWSXWV�DUH�ZULWWHQ�

7KH�FRPPLW�SKDVH�IRU�WDVNV�LV�RSWLRQDO�DQG�PD\�EH�GLVDEOHG�E\�UHWXUQLQJ�false�IURP�
needsTaskCommit()��7KLV�VDYHV�WKH�IUDPHZRUN�IURP�KDYLQJ�WR�UXQ�WKH�GLVWULEXWHG�FRP�
PLW�SURWRFRO�IRU�WKH�WDVN��DQG�QHLWKHU�commitTask()�QRU�abortTask()�LV�FDOOHG��FileOut
putCommitter�ZLOO�VNLS�WKH�FRPPLW�SKDVH�ZKHQ�QR�RXWSXW�KDV�EHHQ�ZULWWHQ�E\�D�WDVN�

,I�D�WDVN�VXFFHHGV��commitTask()�LV�FDOOHG��ZKLFK�LQ�WKH�GHIDXOW�LPSOHPHQWDWLRQ�PRYHV
WKH�WHPSRUDU\�WDVN�RXWSXW�GLUHFWRU\��ZKLFK�KDV�WKH�WDVN�DWWHPSW�,'�LQ�LWV�QDPH�WR�DYRLG
FRQIOLFWV�EHWZHHQ�WDVN�DWWHPSWV��WR�WKH�ILQDO�RXWSXW�SDWK��${mapred.output.dir}��2WKHU�
ZLVH��WKH�IUDPHZRUN�FDOOV�abortTask()��ZKLFK�GHOHWHV�WKH�WHPSRUDU\�WDVN�RXWSXW�GLUHF�
WRU\�

7KH�IUDPHZRUN�HQVXUHV�WKDW�LQ�WKH�HYHQW�RI�PXOWLSOH�WDVN�DWWHPSWV�IRU�D�SDUWLFXODU�WDVN�
RQO\�RQH�ZLOO�EH�FRPPLWWHG��WKH�RWKHUV�ZLOO�EH�DERUWHG��7KLV�VLWXDWLRQ�PD\�DULVH�EHFDXVH
WKH�ILUVW�DWWHPSW�IDLOHG�IRU�VRPH�UHDVRQ¢LQ�ZKLFK�FDVH�LW�ZRXOG�EH�DERUWHG��DQG�D�ODWHU�
VXFFHVVIXO�DWWHPSW�ZRXOG�EH�FRPPLWWHG��$QRWKHU�FDVH� LV� LI� WZR� WDVN�DWWHPSWV�ZHUH
UXQQLQJ�FRQFXUUHQWO\�DV�VSHFXODWLYH�GXSOLFDWHV��LQ�WKLV�LQVWDQFH��WKH�RQH�WKDW�ILQLVKHG
ILUVW�ZRXOG�EH�FRPPLWWHG��DQG�WKH�RWKHU�ZRXOG�EH�DERUWHG�

Task side-effect files
7KH�XVXDO�ZD\�RI�ZULWLQJ�RXWSXW�IURP�PDS�DQG�UHGXFH�WDVNV�LV�E\�XVLQJ�WKH�OutputCol
lector�WR�FROOHFW�NH\�YDOXH�SDLUV��6RPH�DSSOLFDWLRQV�QHHG�PRUH�IOH[LELOLW\�WKDQ�D�VLQJOH
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NH\�YDOXH�SDLU�PRGHO��VR�WKHVH�DSSOLFDWLRQV�ZULWH�RXWSXW�ILOHV�GLUHFWO\�IURP�WKH�PDS�RU
UHGXFH�WDVN�WR�D�GLVWULEXWHG�ILOHV\VWHP��VXFK�DV�+')6���7KHUH�DUH�RWKHU�ZD\V�WR�SURGXFH
PXOWLSOH�RXWSXWV��WRR��DV�GHVFULEHG�LQ�£0XOWLSOH�2XWSXWV¤�RQ�SDJH������

&DUH�QHHGV�WR�EH�WDNHQ�WR�HQVXUH�WKDW�PXOWLSOH�LQVWDQFHV�RI�WKH�VDPH�WDVN�GRQ¦W�WU\�WR
ZULWH�WR�WKH�VDPH�ILOH��$V�ZH�VDZ�LQ�WKH�SUHYLRXV�VHFWLRQ��WKH�OutputCommitter�SURWRFRO
VROYHV�WKLV�SUREOHP��,I�DSSOLFDWLRQV�ZULWH�VLGH�ILOHV�LQ�WKHLU�WDVNV¦�ZRUNLQJ�GLUHFWRULHV�
WKH�VLGH�ILOHV�IRU�WDVNV�WKDW�VXFFHVVIXOO\�FRPSOHWH�ZLOO�EH�SURPRWHG�WR�WKH�RXWSXW�GLUHF�
WRU\�DXWRPDWLFDOO\��ZKHUHDV�IDLOHG�WDVNV�ZLOO�KDYH�WKHLU�VLGH�ILOHV�GHOHWHG�

$�WDVN�PD\�ILQG�LWV�ZRUNLQJ�GLUHFWRU\�E\�UHWULHYLQJ�WKH�YDOXH�RI�WKH�mapred.work.out
put.dir�SURSHUW\�IURP�LWV�FRQILJXUDWLRQ�ILOH��$OWHUQDWLYHO\��D�0DS5HGXFH�SURJUDP�XVLQJ
WKH�-DYD�$3,�PD\�FDOO�WKH�getWorkOutputPath()�VWDWLF�PHWKRG�RQ�FileOutputFormat�WR
JHW� WKH� Path� REMHFW� UHSUHVHQWLQJ� WKH�ZRUNLQJ� GLUHFWRU\��7KH� IUDPHZRUN� FUHDWHV� WKH
ZRUNLQJ�GLUHFWRU\�EHIRUH�H[HFXWLQJ�WKH�WDVN��VR�\RX�GRQ¦W�QHHG�WR�FUHDWH�LW�

7R�WDNH�D�VLPSOH�H[DPSOH��LPDJLQH�D�SURJUDP�IRU�FRQYHUWLQJ�LPDJH�ILOHV�IURP�RQH�IRUPDW
WR�DQRWKHU��2QH�ZD\�WR�GR�WKLV�LV�WR�KDYH�D�PDS�RQO\�MRE��ZKHUH�HDFK�PDS�LV�JLYHQ�D
VHW� RI� LPDJHV� WR� FRQYHUW� �SHUKDSV� XVLQJ� NLineInputFormat�� VHH� £1/LQH,QSXW)RU�
PDW¤�RQ�SDJH�������,I�D�PDS�WDVN�ZULWHV�WKH�FRQYHUWHG�LPDJHV�LQWR�LWV�ZRUNLQJ�GLUHFWRU\�
WKH\�ZLOO�EH�SURPRWHG�WR�WKH�RXWSXW�GLUHFWRU\�ZKHQ�WKH�WDVN�VXFFHVVIXOO\�ILQLVKHV�

Task JVM Reuse
+DGRRS�UXQV�WDVNV�LQ�WKHLU�RZQ�-DYD�9LUWXDO�0DFKLQH�WR�LVRODWH�WKHP�IURP�RWKHU�UXQ�
QLQJ�WDVNV��6WDUWLQJ�D�QHZ�-90�IRU�HDFK�WDVN�FDQ�WDNH�DURXQG�D�VHFRQG��ZKLFK�IRU�MREV
WKDW�UXQ�IRU�D�PLQXWH�RU�VR�LV�LQVLJQLILFDQW��+RZHYHU��MREV�WKDW�KDYH�D�ODUJH�QXPEHU�RI
YHU\�VKRUW�OLYHG�WDVNV��WKHVH�DUH�XVXDOO\�PDS�WDVNV��RU�WKDW�KDYH�D�OHQJWK\�LQLWLDOL]DWLRQ
FDQ�VHH�SHUIRUPDQFH�JDLQV�ZKHQ�WKH�-90�LV�UHXVHG�IRU�VXEVHTXHQW�WDVNV��

1RWH�WKDW�ZLWK�WDVN�-90�UHXVH�HQDEOHG��WDVNV�DUH�QRW�UXQ�FRQFXUUHQWO\�LQ�D�VLQJOH�-90�
UDWKHU��WKH�-90�UXQV�WDVNV�VHTXHQWLDOO\��7DVNWUDFNHUV�FDQ��KRZHYHU��UXQ�PRUH�WKDQ�RQH
WDVN�DW�D�WLPH��EXW�WKLV�LV�DOZD\V�GRQH�LQ�VHSDUDWH�-90V��7KH�SURSHUWLHV�IRU�FRQWUROOLQJ
WKH�QXPEHU�RI�PDS�WDVN�VORWV�DQG�UHGXFH�WDVN�VORWV�SHU�WDVNWUDFNHU�DUH�GLVFXVVHG�LQ
£0HPRU\¤�RQ�SDJH�����

7KH�SURSHUW\�IRU�FRQWUROOLQJ�WDVN�-90�UHXVH�LV�mapred.job.reuse.jvm.num.tasks��7KLV
SURSHUW\�VSHFLILHV�WKH�PD[LPXP�QXPEHU�RI�WDVNV�WR�UXQ�IRU�D�JLYHQ�MRE�IRU�HDFK�-90
ODXQFKHG��WKH�GHIDXOW�LV����VHH�7DEOH�������1R�GLVWLQFWLRQ�LV�PDGH�EHWZHHQ�PDS�RU�UHGXFH
WDVNV��KRZHYHU��WDVNV�IURP�GLIIHUHQW�MREV�DUH�DOZD\V�UXQ�LQ�VHSDUDWH�-90V��7KH�PHWKRG�
setNumTasksToExecutePerJvm()�RQ�JobConf�FDQ�DOVR�EH�XVHG�WR�FRQILJXUH�WKLV�SURSHUW\�

�� -90�UHXVH�LV�QRW�FXUUHQWO\�VXSSRUWHG�LQ�0DS5HGXFH���
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7DEOH������7DVN�-90�UHXVH�SURSHUWLHV

Property name Type Default value Description

mapred.job.reuse.jvm.num.tasks int 1 The maximum number of tasks to run for a given
job for each JVM on a tasktracker. A value of –1
indicates no limit, which means the same JVM may
be used for all tasks for a job.

7DVNV�WKDW�DUH�&38�ERXQG�PD\�DOVR�EHQHILW�IURP�WDVN�-90�UHXVH�E\�WDNLQJ�DGYDQWDJH
RI�UXQWLPH�RSWLPL]DWLRQV�DSSOLHG�E\�WKH�+RW6SRW�-90��$IWHU�UXQQLQJ�IRU�D�ZKLOH��WKH
+RW6SRW�-90�EXLOGV�XS�HQRXJK�LQIRUPDWLRQ�WR�GHWHFW�SHUIRUPDQFH�FULWLFDO�VHFWLRQV�LQ
WKH�FRGH�DQG�G\QDPLFDOO\�WUDQVODWHV�WKH�-DYD�E\WH�FRGHV�RI�WKHVH�KRW�VSRWV�LQWR�QDWLYH
PDFKLQH�FRGH��7KLV�ZRUNV�ZHOO�IRU�ORQJ�UXQQLQJ�SURFHVVHV��EXW�-90V�WKDW�UXQ�IRU�VHF�
RQGV�RU�D�IHZ�PLQXWHV�PD\�QRW�JDLQ�WKH�IXOO�EHQHILW�RI�+RW6SRW��,Q�WKHVH�FDVHV��FRQVLGHU
HQDEOLQJ�WDVN�-90�UHXVH�

Skipping Bad Records
/DUJH�GDWDVHWV�DUH�PHVV\��7KH\�RIWHQ�KDYH�FRUUXSW�UHFRUGV��7KH\�RIWHQ�KDYH�UHFRUGV
WKDW�DUH�LQ�D�GLIIHUHQW�IRUPDW��7KH\�RIWHQ�KDYH�PLVVLQJ�ILHOGV��,Q�DQ�LGHDO�ZRUOG��\RXU
FRGH�ZRXOG�FRSH�JUDFHIXOO\�ZLWK�DOO�RI�WKHVH�FRQGLWLRQV��,Q�SUDFWLFH��LW�LV�RIWHQ�H[SHGLHQW
WR�LJQRUH�WKH�RIIHQGLQJ�UHFRUGV��'HSHQGLQJ�RQ�WKH�DQDO\VLV�EHLQJ�SHUIRUPHG��LI�RQO\�D
VPDOO�SHUFHQWDJH�RI�UHFRUGV�DUH�DIIHFWHG��WKHQ�VNLSSLQJ�WKHP�PD\�QRW�VLJQLILFDQWO\�DIIHFW
WKH�UHVXOW��+RZHYHU��LI�D�WDVN�WULSV�XS�ZKHQ�LW�HQFRXQWHUV�D�EDG�UHFRUG¢E\�WKURZLQJ
D�UXQWLPH�H[FHSWLRQ¢WKHQ�WKH�WDVN�IDLOV��)DLOLQJ�WDVNV�DUH�UHWULHG��VLQFH�WKH�IDLOXUH�PD\
EH�GXH�WR�KDUGZDUH�IDLOXUH�RU�VRPH�RWKHU�UHDVRQ�RXWVLGH�WKH�WDVN¦V�FRQWURO���EXW�LI�D
WDVN� IDLOV� IRXU� WLPHV�� WKH� ZKROH� MRE� LV� PDUNHG� DV� IDLOHG� �VHH� £7DVN� IDLO�
XUH¤�RQ�SDJH������� ,I� LW� LV� WKH�GDWD� WKDW� LV� FDXVLQJ� WKH� WDVN� WR� WKURZ�DQ� H[FHSWLRQ�
UHUXQQLQJ�WKH�WDVN�ZRQ¦W�KHOS��VLQFH�LW�ZLOO�IDLO�LQ�H[DFWO\�WKH�VDPH�ZD\�HDFK�WLPH�

,I� \RX� DUH� XVLQJ� TextInputFormat� �£7H[W,QSXW)RUPDW¤� RQ�SDJH� �����
\RX�FDQ�VHW�D�PD[LPXP�H[SHFWHG�OLQH�OHQJWK�WR�VDIHJXDUG�DJDLQVW�FRU�
UXSWHG�ILOHV��&RUUXSWLRQ�LQ�D�ILOH�FDQ�PDQLIHVW�LWVHOI�DV�D�YHU\�ORQJ�OLQH�
ZKLFK�FDQ�FDXVH�RXW�RI�PHPRU\�HUURUV�DQG�WKHQ�WDVN�IDLOXUH��%\�VHWWLQJ
mapred.linerecordreader.maxlength�WR�D�YDOXH�LQ�E\WHV�WKDW�ILWV�LQ�PHP�
RU\��DQG�LV�FRPIRUWDEO\�JUHDWHU�WKDQ�WKH�OHQJWK�RI�OLQHV�LQ�\RXU�LQSXW
GDWD���WKH�UHFRUG�UHDGHU�ZLOO�VNLS�WKH��ORQJ��FRUUXSW�OLQHV�ZLWKRXW�WKH
WDVN�IDLOLQJ�
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7KH�EHVW�ZD\�WR�KDQGOH�FRUUXSW�UHFRUGV�LV�LQ�\RXU�PDSSHU�RU�UHGXFHU�FRGH��<RX�FDQ
GHWHFW�WKH�EDG�UHFRUG�DQG�LJQRUH�LW��RU�\RX�FDQ�DERUW�WKH�MRE�E\�WKURZLQJ�DQ�H[FHSWLRQ�
<RX�FDQ�DOVR�FRXQW�WKH�WRWDO�QXPEHU�RI�EDG�UHFRUGV�LQ�WKH�MRE�XVLQJ�FRXQWHUV�WR�VHH
KRZ�ZLGHVSUHDG�WKH�SUREOHP�LV�

,Q�UDUH�FDVHV��WKRXJK��\RX�FDQ¦W�KDQGOH�WKH�SUREOHP�EHFDXVH�WKHUH�LV�D�EXJ�LQ�D�WKLUG�
SDUW\�OLEUDU\�WKDW�\RX�FDQ¦W�ZRUN�DURXQG�LQ�\RXU�PDSSHU�RU�UHGXFHU��,Q�WKHVH�FDVHV��\RX
FDQ�XVH�+DGRRS¦V�RSWLRQDO�VNLSSLQJ�PRGH�IRU�DXWRPDWLFDOO\�VNLSSLQJ�EDG�UHFRUGV��

:KHQ�VNLSSLQJ�PRGH�LV�HQDEOHG��WDVNV�UHSRUW�WKH�UHFRUGV�EHLQJ�SURFHVVHG�EDFN�WR�WKH
WDVNWUDFNHU��:KHQ�WKH�WDVN�IDLOV��WKH�WDVNWUDFNHU�UHWULHV�WKH�WDVN��VNLSSLQJ�WKH�UHFRUGV
WKDW� FDXVHG� WKH� IDLOXUH�� %HFDXVH� RI� WKH� H[WUD� QHWZRUN� WUDIILF� DQG� ERRNNHHSLQJ� WR
PDLQWDLQ�WKH�IDLOHG�UHFRUG�UDQJHV��VNLSSLQJ�PRGH�LV�WXUQHG�RQ�IRU�D�WDVN�RQO\�DIWHU�LW
KDV�IDLOHG�WZLFH�

7KXV��IRU�D�WDVN�FRQVLVWHQWO\�IDLOLQJ�RQ�D�EDG�UHFRUG��WKH�WDVNWUDFNHU�UXQV�WKH�IROORZLQJ
WDVN�DWWHPSWV�ZLWK�WKHVH�RXWFRPHV�

�� 7DVN�IDLOV�

�� 7DVN�IDLOV�

�� 6NLSSLQJ�PRGH�LV�HQDEOHG��7DVN�IDLOV��EXW�WKH�IDLOHG�UHFRUG�LV�VWRUHG�E\�WKH�WDVN�
WUDFNHU�

�� 6NLSSLQJ�PRGH�LV�VWLOO�HQDEOHG��7DVN�VXFFHHGV�E\�VNLSSLQJ�WKH�EDG�UHFRUG�WKDW�IDLOHG
LQ�WKH�SUHYLRXV�DWWHPSW�

6NLSSLQJ�PRGH�LV�RII�E\�GHIDXOW��\RX�HQDEOH�LW�LQGHSHQGHQWO\�IRU�PDS�DQG�UHGXFH�WDVNV
XVLQJ�WKH�SkipBadRecords�FODVV��,W¦V�LPSRUWDQW�WR�QRWH�WKDW�VNLSSLQJ�PRGH�FDQ�GHWHFW
RQO\�RQH�EDG�UHFRUG�SHU�WDVN�DWWHPSW��VR�WKLV�PHFKDQLVP�LV�DSSURSULDWH�RQO\�IRU�GH�
WHFWLQJ�RFFDVLRQDO�EDG� UHFRUGV� �D� IHZ�SHU� WDVN�� VD\���<RX�PD\�QHHG� WR� LQFUHDVH� WKH
PD[LPXP� QXPEHU� RI� WDVN� DWWHPSWV� �YLD� mapred.map.max.attempts� DQG
mapred.reduce.max.attempts��WR�JLYH�VNLSSLQJ�PRGH�HQRXJK�DWWHPSWV�WR�GHWHFW�DQG�VNLS
DOO�WKH�EDG�UHFRUGV�LQ�DQ�LQSXW�VSOLW�

%DG�UHFRUGV�WKDW�KDYH�EHHQ�GHWHFWHG�E\�+DGRRS�DUH�VDYHG�DV�VHTXHQFH�ILOHV�LQ�WKH�MRE¦V
RXWSXW�GLUHFWRU\�XQGHU�WKH�BORJV�VNLS�VXEGLUHFWRU\��7KHVH�FDQ�EH�LQVSHFWHG�IRU�GLDJ�
QRVWLF�SXUSRVHV�DIWHU�WKH�MRE�KDV�FRPSOHWHG��XVLQJ�hadoop fs -text��IRU�H[DPSOH��

�� 6NLSSLQJ�PRGH�LV�QRW�VXSSRUWHG�LQ�WKH�QHZ�0DS5HGXFH�$3,�
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CHAPTER 7

MapReduce Types and Formats

0DS5HGXFH�KDV�D�VLPSOH�PRGHO�RI�GDWD�SURFHVVLQJ��LQSXWV�DQG�RXWSXWV�IRU�WKH�PDS�DQG
UHGXFH�IXQFWLRQV�DUH�NH\�YDOXH�SDLUV��7KLV�FKDSWHU�ORRNV�DW�WKH�0DS5HGXFH�PRGHO�LQ
GHWDLO�DQG��LQ�SDUWLFXODU��KRZ�GDWD�LQ�YDULRXV�IRUPDWV��IURP�VLPSOH�WH[W�WR�VWUXFWXUHG
ELQDU\�REMHFWV��FDQ�EH�XVHG�ZLWK�WKLV�PRGHO�

MapReduce Types
7KH�PDS�DQG�UHGXFH�IXQFWLRQV�LQ�+DGRRS�0DS5HGXFH�KDYH�WKH�IROORZLQJ�JHQHUDO�IRUP�

map: (K1, V1) → list(K2, V2)
reduce: (K2, list(V2)) → list(K3, V3)

,Q�JHQHUDO��WKH�PDS�LQSXW�NH\�DQG�YDOXH�W\SHV��K1�DQG�V1��DUH�GLIIHUHQW�IURP�WKH�PDS
RXWSXW�W\SHV��K2�DQG�V2���+RZHYHU��WKH�UHGXFH�LQSXW�PXVW�KDYH�WKH�VDPH�W\SHV�DV�WKH
PDS�RXWSXW��DOWKRXJK�WKH�UHGXFH�RXWSXW�W\SHV�PD\�EH�GLIIHUHQW�DJDLQ��K3�DQG�V3���7KH
-DYD�$3,�PLUURUV�WKLV�JHQHUDO�IRUP�

public class Mapper<KEYIN, VALUEIN, KEYOUT, VALUEOUT> {

  public class Context extends MapContext<KEYIN, VALUEIN, KEYOUT, VALUEOUT> {
    // ...
  }

  protected void map(KEYIN key, VALUEIN value, 
                     Context context) throws IOException, InterruptedException {
    // ...
  }
}

public class Reducer<KEYIN, VALUEIN, KEYOUT, VALUEOUT> {

  public class Context extends ReducerContext<KEYIN, VALUEIN, KEYOUT, VALUEOUT> {
    // ...
  }
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protected void reduce(KEYIN key, Iterable<VALUEIN> values,
                  Context context) throws IOException, 
  InterruptedException {
    // ...
  }
}

7KH�FRQWH[W�REMHFWV�DUH�XVHG�IRU�HPLWWLQJ�NH\�YDOXH�SDLUV��DQG�VR�WKH\�DUH�SDUDPHWHUL]HG
E\�WKH�RXWSXW�W\SHV�VR�WKDW�WKH�VLJQDWXUH�RI�WKH�write()�PHWKRG�LV�

public void write(KEYOUT key, VALUEOUT value)
    throws IOException, InterruptedException

6LQFH�Mapper�DQG�Reducer�DUH�VHSDUDWH�FODVVHV��WKH�W\SH�SDUDPHWHUV�KDYH�GLIIHUHQW�VFRSHV�
DQG�WKH�DFWXDO�W\SH�DUJXPHQW�RI�KEYIN��VD\��LQ�WKH�Mapper�PD\�EH�GLIIHUHQW�IURP�WKH�W\SH
RI�WKH�W\SH�SDUDPHWHU�RI�WKH�VDPH�QDPH��KEYIN��LQ�WKH�Reducer��)RU�LQVWDQFH��LQ�WKH
PD[LPXP�WHPSHUDWXUH�H[DPSOH�IURP�HDUOLHU�FKDSWHUV��KEYIN�LV�UHSODFHG�E\�LongWrita
ble�IRU�WKH�Mapper�DQG�E\�Text�IRU�WKH�Reducer�

6LPLODUO\��HYHQ�WKRXJK�WKH�PDS�RXWSXW�W\SHV�DQG�WKH�UHGXFH�LQSXW�W\SHV�PXVW�PDWFK�
WKLV�LV�QRW�HQIRUFHG�E\�WKH�-DYD�FRPSLOHU�

7KH�W\SH�SDUDPHWHUV�DUH�QDPHG�GLIIHUHQWO\�IURP�WKH�DEVWUDFW�W\SHV��KEYIN�YHUVXV�K1�
DQG�VR�RQ���EXW�WKH�IRUP�LV�WKH�VDPH�

,I�D�FRPELQH�IXQFWLRQ�LV�XVHG��WKHQ�LW�LV�WKH�VDPH�IRUP�DV�WKH�UHGXFH�IXQFWLRQ��DQG�LV
DQ�LPSOHPHQWDWLRQ�RI�Reducer���H[FHSW�LWV�RXWSXW�W\SHV�DUH�WKH�LQWHUPHGLDWH�NH\�DQG
YDOXH�W\SHV��K2�DQG�V2���VR�WKH\�FDQ�IHHG�WKH�UHGXFH�IXQFWLRQ�

map: (K1, V1) → list(K2, V2)
combine: (K2, list(V2)) → list(K2, V2)
reduce: (K2, list(V2)) → list(K3, V3)

2IWHQ�WKH�FRPELQH�DQG�UHGXFH�IXQFWLRQV�DUH�WKH�VDPH��LQ�ZKLFK�FDVH�K3�LV�WKH�VDPH�DV
K2��DQG�V3�LV�WKH�VDPH�DV�V2�

7KH�SDUWLWLRQ�IXQFWLRQ�RSHUDWHV�RQ�WKH�LQWHUPHGLDWH�NH\�DQG�YDOXH�W\SHV��K2�DQG�V2�
DQG�UHWXUQV�WKH�SDUWLWLRQ�LQGH[��,Q�SUDFWLFH��WKH�SDUWLWLRQ�LV�GHWHUPLQHG�VROHO\�E\�WKH
NH\��WKH�YDOXH�LV�LJQRUHG��

partition: (K2, V2) → integer

2U�LQ�-DYD�

public abstract class Partitioner<KEY, VALUE> {

  public abstract int getPartition(KEY key, VALUE value, int numPartitions);
}

224 | Chapter 7:ಗMapReduce Types and Formats



MapReduce Signatures in the Old API
,Q�WKH�ROG�$3,��WKH�VLJQDWXUHV�DUH�YHU\�VLPLODU�DQG�DFWXDOO\�QDPH�WKH�W\SH�SDUDPHWHUV
K1��V1��DQG�VR�RQ��DOWKRXJK�WKH�FRQVWUDLQWV�RQ�WKH�W\SHV�DUH�H[DFWO\�WKH�VDPH�LQ�ERWK
WKH�ROG�DQG�QHZ�$3,V�

public interface Mapper<K1, V1, K2, V2> extends JobConfigurable, Closeable {
  
  void map(K1 key, V1 value, OutputCollector<K2, V2> output, Reporter reporter)
    throws IOException;
}

public interface Reducer<K2, V2, K3, V3> extends JobConfigurable, Closeable {
  
  void reduce(K2 key, Iterator<V2> values,
    OutputCollector<K3, V3> output, Reporter reporter) throws IOException;
}

public interface Partitioner<K2, V2> extends JobConfigurable {

  int getPartition(K2 key, V2 value, int numPartitions);
}

6R�PXFK�IRU� WKH� WKHRU\��+RZ�GRHV� WKLV�KHOS�FRQILJXUH�0DS5HGXFH� MREV"�7DEOH����
VXPPDUL]HV�WKH�FRQILJXUDWLRQ�RSWLRQV�IRU�WKH�QHZ�$3,��DQG�7DEOH�����GRHV�WKH�VDPH
IRU�WKH�ROG�$3,���,W�LV�GLYLGHG�LQWR�WKH�SURSHUWLHV�WKDW�GHWHUPLQH�WKH�W\SHV�DQG�WKRVH�WKDW
KDYH�WR�EH�FRPSDWLEOH�ZLWK�WKH�FRQILJXUHG�W\SHV�

,QSXW�W\SHV�DUH�VHW�E\�WKH�LQSXW�IRUPDW��6R��IRU�LQVWDQFH��D�TextInputFormat�JHQHUDWHV
NH\V�RI�W\SH�LongWritable�DQG�YDOXHV�RI�W\SH�Text��7KH�RWKHU�W\SHV�DUH�VHW�H[SOLFLWO\�E\
FDOOLQJ�WKH�PHWKRGV�RQ�WKH�Job� �RU�JobConf� LQ�WKH�ROG�$3,��� ,I�QRW�VHW�H[SOLFLWO\�� WKH
LQWHUPHGLDWH�W\SHV�GHIDXOW�WR�WKH��ILQDO��RXWSXW�W\SHV��ZKLFK�GHIDXOW�WR�LongWritable
DQG�Text��6R�LI�K2�DQG�K3�DUH�WKH�VDPH��\RX�GRQ¦W�QHHG�WR�FDOO�setMapOutputKeyClass()�
EHFDXVH�LW�IDOOV�EDFN�WR�WKH�W\SH�VHW�E\�FDOOLQJ�setOutputKeyClass()��6LPLODUO\��LI�V2�DQG
V3�DUH�WKH�VDPH��\RX�RQO\�QHHG�WR�XVH�setOutputValueClass()�

,W�PD\�VHHP�VWUDQJH�WKDW�WKHVH�PHWKRGV�IRU�VHWWLQJ�WKH�LQWHUPHGLDWH�DQG�ILQDO�RXWSXW
W\SHV�H[LVW�DW�DOO��$IWHU�DOO��ZK\�FDQ¦W�WKH�W\SHV�EH�GHWHUPLQHG�IURP�D�FRPELQDWLRQ�RI
WKH�PDSSHU�DQG�WKH�UHGXFHU"�7KH�DQVZHU�KDV�WR�GR�ZLWK�D�OLPLWDWLRQ�LQ�-DYD�JHQHULFV�
W\SH�HUDVXUH�PHDQV�WKDW�WKH�W\SH�LQIRUPDWLRQ�LVQ¦W�DOZD\V�SUHVHQW�DW�UXQWLPH��VR�+D�
GRRS�KDV� WR�EH�JLYHQ� LW� H[SOLFLWO\��7KLV�DOVR�PHDQV� WKDW� LW¦V�SRVVLEOH� WR�FRQILJXUH�D
0DS5HGXFH�MRE�ZLWK�LQFRPSDWLEOH�W\SHV��EHFDXVH�WKH�FRQILJXUDWLRQ�LVQ¦W�FKHFNHG�DW
FRPSLOH�WLPH��7KH�VHWWLQJV�WKDW�KDYH�WR�EH�FRPSDWLEOH�ZLWK�WKH�0DS5HGXFH�W\SHV�DUH
OLVWHG�LQ�WKH�ORZHU�SDUW�RI�7DEOH������7\SH�FRQIOLFWV�DUH�GHWHFWHG�DW�UXQWLPH�GXULQJ�MRE
H[HFXWLRQ��DQG�IRU�WKLV�UHDVRQ��LW�LV�ZLVH�WR�UXQ�D�WHVW�MRE�XVLQJ�D�VPDOO�DPRXQW�RI�GDWD
WR�IOXVK�RXW�DQG�IL[�DQ\�W\SH�LQFRPSDWLELOLWLHV�
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The Default MapReduce Job
:KDW�KDSSHQV�ZKHQ�\RX�UXQ�0DS5HGXFH�ZLWKRXW�VHWWLQJ�D�PDSSHU�RU�D�UHGXFHU"�/HW¦V
WU\�LW�E\�UXQQLQJ�WKLV�PLQLPDO�0DS5HGXFH�SURJUDP�

public class MinimalMapReduce extends Configured implements Tool {
  
  @Override
  public int run(String[] args) throws Exception {
    if (args.length != 2) {
      System.err.printf("Usage: %s [generic options] <input> <output>\n",
          getClass().getSimpleName());
      ToolRunner.printGenericCommandUsage(System.err);
      return -1;
    }
    
    Job job = new Job(getConf());
    job.setJarByClass(getClass());
    FileInputFormat.addInputPath(job, new Path(args[0]));
    FileOutputFormat.setOutputPath(job, new Path(args[1]));
    return job.waitForCompletion(true) ? 0 : 1;
  }
  
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(new MinimalMapReduce(), args);
    System.exit(exitCode);
  }
}

7KH�RQO\�FRQILJXUDWLRQ�WKDW�ZH�VHW�LV�DQ�LQSXW�SDWK�DQG�DQ�RXWSXW�SDWK��:H�UXQ�LW�RYHU
D�VXEVHW�RI�RXU�ZHDWKHU�GDWD�ZLWK�WKH�IROORZLQJ�

% hadoop MinimalMapReduce "input/ncdc/all/190{1,2}.gz" output

:H�GR�JHW�VRPH�RXWSXW��RQH�ILOH�QDPHG�SDUW�U�������LQ�WKH�RXWSXW�GLUHFWRU\��+HUH¦V
ZKDW�WKH�ILUVW�IHZ�OLQHV�ORRN�OLNH��WUXQFDWHG�WR�ILW�WKH�SDJH��

0→0029029070999991901010106004+64333+023450FM-12+000599999V0202701N01591...
0→0035029070999991902010106004+64333+023450FM-12+000599999V0201401N01181...
135→0029029070999991901010113004+64333+023450FM-12+000599999V0202901N00821...
141→0035029070999991902010113004+64333+023450FM-12+000599999V0201401N01181...
270→0029029070999991901010120004+64333+023450FM-12+000599999V0209991C00001...
282→0035029070999991902010120004+64333+023450FM-12+000599999V0201401N01391...

(DFK�OLQH�LV�DQ�LQWHJHU�IROORZHG�E\�D�WDE�FKDUDFWHU��IROORZHG�E\�WKH�RULJLQDO�ZHDWKHU
GDWD�UHFRUG��$GPLWWHGO\��LW¦V�QRW�D�YHU\�XVHIXO�SURJUDP��EXW�XQGHUVWDQGLQJ�KRZ�LW�SUR�
GXFHV�LWV�RXWSXW�GRHV�SURYLGH�VRPH�LQVLJKW�LQWR�WKH�GHIDXOWV�WKDW�+DGRRS�XVHV�ZKHQ
UXQQLQJ�0DS5HGXFH�MREV��([DPSOH�����VKRZV�D�SURJUDP�WKDW�KDV�H[DFWO\�WKH�VDPH
HIIHFW�DV�MinimalMapReduce��EXW�H[SOLFLWO\�VHWV�WKH�MRE�VHWWLQJV�WR�WKHLU�GHIDXOWV�
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([DPSOH������$�PLQLPDO�0DS5HGXFH�GULYHU��ZLWK�WKH�GHIDXOWV�H[SOLFLWO\�VHW

public class MinimalMapReduceWithDefaults extends Configured implements Tool {
  
  @Override
  public int run(String[] args) throws Exception {
    Job job = JobBuilder.parseInputAndOutput(this, getConf(), args);
    if (job == null) {
      return -1;
    }
    
    job.setInputFormatClass(TextInputFormat.class);
    
    job.setMapperClass(Mapper.class);
    
    job.setMapOutputKeyClass(LongWritable.class);
    job.setMapOutputValueClass(Text.class);
    
    job.setPartitionerClass(HashPartitioner.class);
    
    job.setNumReduceTasks(1);
    job.setReducerClass(Reducer.class);

    job.setOutputKeyClass(LongWritable.class);
    job.setOutputValueClass(Text.class);

    job.setOutputFormatClass(TextOutputFormat.class);
    
    return job.waitForCompletion(true) ? 0 : 1;
  }
  
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(new MinimalMapReduceWithDefaults(), args);
    System.exit(exitCode);
  }
}

:H¦YH� VLPSOLILHG� WKH� ILUVW� IHZ� OLQHV�RI� WKH�run()�PHWKRG�E\�H[WUDFWLQJ� WKH� ORJLF� IRU
SULQWLQJ�XVDJH�DQG�VHWWLQJ�WKH�LQSXW�DQG�RXWSXW�SDWKV�LQWR�D�KHOSHU�PHWKRG��$OPRVW�DOO
0DS5HGXFH� GULYHUV� WDNH� WKHVH� WZR� DUJXPHQWV� �LQSXW� DQG� RXWSXW��� VR� UHGXFLQJ
WKH� ERLOHUSODWH� FRGH� KHUH� LV� D� JRRG� WKLQJ�� +HUH� DUH� WKH� UHOHYDQW� PHWKRGV� LQ� WKH�
JobBuilder�FODVV�IRU�UHIHUHQFH�

  public static Job parseInputAndOutput(Tool tool, Configuration conf,
      String[] args) throws IOException {
    
    if (args.length != 2) {
      printUsage(tool, "<input> <output>");
      return null;
    }
    Job job = new Job(conf);
    job.setJarByClass(tool.getClass());
    FileInputFormat.addInputPath(job, new Path(args[0]));
    FileOutputFormat.setOutputPath(job, new Path(args[1]));
    return job;
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  }

  public static void printUsage(Tool tool, String extraArgsUsage) {
    System.err.printf("Usage: %s [genericOptions] %s\n\n",
        tool.getClass().getSimpleName(), extraArgsUsage);
    GenericOptionsParser.printGenericCommandUsage(System.err);
  }

*RLQJ�EDFN�WR�MinimalMapReduceWithDefaults�LQ�([DPSOH������DOWKRXJK�WKHUH�DUH�PDQ\
RWKHU�GHIDXOW�MRE�VHWWLQJV��WKH�RQHV�KLJKOLJKWHG�DUH�WKRVH�PRVW�FHQWUDO�WR�UXQQLQJ�D�MRE�
/HW¦V�JR�WKURXJK�WKHP�LQ�WXUQ�

7KH�GHIDXOW�LQSXW�IRUPDW�LV�TextInputFormat��ZKLFK�SURGXFHV�NH\V�RI�W\SH�LongWrita
ble��WKH�RIIVHW�RI�WKH�EHJLQQLQJ�RI�WKH�OLQH�LQ�WKH�ILOH��DQG�YDOXHV�RI�W\SH�Text��WKH�OLQH
RI�WH[W���7KLV�H[SODLQV�ZKHUH�WKH�LQWHJHUV�LQ�WKH�ILQDO�RXWSXW�FRPH�IURP��WKH\�DUH�WKH
OLQH�RIIVHWV�

7KH�GHIDXOW�PDSSHU�LV�MXVW�WKH�Mapper�FODVV��ZKLFK�ZULWHV�WKH�LQSXW�NH\�DQG�YDOXH�XQ�
FKDQJHG�WR�WKH�RXWSXW�

public class Mapper<KEYIN, VALUEIN, KEYOUT, VALUEOUT> {

  protected void map(KEYIN key, VALUEIN value, 
                     Context context) throws IOException, InterruptedException {
    context.write((KEYOUT) key, (VALUEOUT) value);
  }
}

Mapper�LV�D�JHQHULF�W\SH��ZKLFK�DOORZV�LW�WR�ZRUN�ZLWK�DQ\�NH\�RU�YDOXH�W\SHV��,Q�WKLV
FDVH��WKH�PDS�LQSXW�DQG�RXWSXW�NH\�LV�RI�W\SH�LongWritable��DQG�WKH�PDS�LQSXW�DQG
RXWSXW�YDOXH�LV�RI�W\SH�Text�

7KH�GHIDXOW�SDUWLWLRQHU�LV�HashPartitioner��ZKLFK�KDVKHV�D�UHFRUG¦V�NH\�WR�GHWHUPLQH
ZKLFK�SDUWLWLRQ�WKH�UHFRUG�EHORQJV�LQ��(DFK�SDUWLWLRQ�LV�SURFHVVHG�E\�D�UHGXFH�WDVN��VR
WKH�QXPEHU�RI�SDUWLWLRQV�LV�HTXDO�WR�WKH�QXPEHU�RI�UHGXFH�WDVNV�IRU�WKH�MRE�

public class HashPartitioner<K, V> extends Partitioner<K, V> {

  public int getPartition(K key, V value,
                          int numReduceTasks) {
    return (key.hashCode() & Integer.MAX_VALUE) % numReduceTasks;
  }
}

7KH�NH\¦V�KDVK�FRGH�LV�WXUQHG�LQWR�D�QRQQHJDWLYH�LQWHJHU�E\�ELWZLVH�$1'LQJ�LW�ZLWK�WKH
ODUJHVW�LQWHJHU�YDOXH��,W�LV�WKHQ�UHGXFHG�PRGXOR�WKH�QXPEHU�RI�SDUWLWLRQV�WR�ILQG�WKH
LQGH[�RI�WKH�SDUWLWLRQ�WKDW�WKH�UHFRUG�EHORQJV�LQ�

%\�GHIDXOW��WKHUH�LV�D�VLQJOH�UHGXFHU��DQG�WKHUHIRUH�D�VLQJOH�SDUWLWLRQ��VR�WKH�DFWLRQ�RI
WKH�SDUWLWLRQHU�LV�LUUHOHYDQW�LQ�WKLV�FDVH�VLQFH�HYHU\WKLQJ�JRHV�LQWR�RQH�SDUWLWLRQ��+RZ�
HYHU�� LW� LV� LPSRUWDQW�WR�XQGHUVWDQG�WKH�EHKDYLRU�RI�HashPartitioner�ZKHQ�\RX�KDYH
PRUH�WKDQ�RQH�UHGXFH�WDVN��$VVXPLQJ�WKH�NH\¦V�KDVK�IXQFWLRQ�LV�D�JRRG�RQH��WKH�UHFRUGV
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ZLOO�EH�DOORFDWHG�HYHQO\�DFURVV�UHGXFH�WDVNV��ZLWK�DOO�UHFRUGV�WKDW�VKDUH�WKH�VDPH�NH\
EHLQJ�SURFHVVHG�E\�WKH�VDPH�UHGXFH�WDVN�

<RX�PD\�KDYH�QRWLFHG�WKDW�ZH�GLGQ¦W�VHW�WKH�QXPEHU�RI�PDS�WDVNV��7KH�UHDVRQ�IRU�WKLV
LV�WKDW�WKH�QXPEHU�LV�HTXDO�WR�WKH�QXPEHU�RI�VSOLWV�WKDW�WKH�LQSXW�LV�WXUQHG�LQWR��ZKLFK
LV�GULYHQ�E\�WKH�VL]H�RI�WKH�LQSXW�DQG�WKH�ILOH¦V�EORFN�VL]H��LI�WKH�ILOH�LV�LQ�+')6���7KH
RSWLRQV� IRU� FRQWUROOLQJ� VSOLW� VL]H� DUH� GLVFXVVHG� LQ� £)LOH,QSXW)RUPDW� LQSXW
VSOLWV¤�RQ�SDJH�����

Choosing the Number of Reducers
7KH�VLQJOH�UHGXFHU�GHIDXOW�LV�VRPHWKLQJ�RI�D�JRWFKD�IRU�QHZ�XVHUV�WR�+DGRRS��$OPRVW
DOO�UHDO�ZRUOG�MREV�VKRXOG�VHW�WKLV�WR�D�ODUJHU�QXPEHU��RWKHUZLVH��WKH�MRE�ZLOO�EH�YHU\
VORZ�VLQFH�DOO�WKH�LQWHUPHGLDWH�GDWD�IORZV�WKURXJK�D�VLQJOH�UHGXFH�WDVN���1RWH�WKDW�ZKHQ
UXQQLQJ�XQGHU�WKH�ORFDO�MRE�UXQQHU��RQO\�]HUR�RU�RQH�UHGXFHUV�DUH�VXSSRUWHG��

7KH�RSWLPDO�QXPEHU�RI�UHGXFHUV�LV�UHODWHG�WR�WKH�WRWDO�QXPEHU�RI�DYDLODEOH�UHGXFHU�VORWV
LQ�\RXU�FOXVWHU��7KH�WRWDO�QXPEHU�RI�VORWV�LV�IRXQG�E\�PXOWLSO\LQJ�WKH�QXPEHU�RI�QRGHV
LQ�WKH�FOXVWHU�DQG�WKH�QXPEHU�RI�VORWV�SHU�QRGH��ZKLFK�LV�GHWHUPLQHG�E\�WKH�YDOXH�RI
WKH� mapred.tasktracker.reduce.tasks.maximum� SURSHUW\�� GHVFULEHG� LQ� £(QYLURQPHQW
6HWWLQJV¤�RQ�SDJH������

2QH�FRPPRQ�VHWWLQJ�LV�WR�KDYH�VOLJKWO\�IHZHU�UHGXFHUV�WKDQ�WRWDO�VORWV��ZKLFK�JLYHV�RQH
ZDYH�RI�UHGXFH�WDVNV��DQG�WROHUDWHV�D� IHZ�IDLOXUHV��ZLWKRXW�H[WHQGLQJ� MRE�H[HFXWLRQ
WLPH��� ,I� \RXU� UHGXFH� WDVNV�DUH� YHU\�ELJ�� LW�PDNHV� VHQVH� WR�KDYH�D� ODUJHU�QXPEHU�RI
UHGXFHUV��UHVXOWLQJ�LQ�WZR�ZDYHV��IRU�H[DPSOH��VR�WKDW�WKH�WDVNV�DUH�PRUH�ILQH�JUDLQHG
DQG�IDLOXUH�GRHVQ¦W�DIIHFW�MRE�H[HFXWLRQ�WLPH�VLJQLILFDQWO\�

7KH�GHIDXOW�UHGXFHU�LV�Reducer��DJDLQ�D�JHQHULF�W\SH��ZKLFK�VLPSO\�ZULWHV�DOO�LWV�LQSXW
WR�LWV�RXWSXW�

public class Reducer<KEYIN, VALUEIN, KEYOUT, VALUEOUT> {

  protected void reduce(KEYIN key, Iterable<VALUEIN> values, Context context
                        Context context) throws IOException, InterruptedException {
    for (VALUEIN value: values) {
      context.write((KEYOUT) key, (VALUEOUT) value);
    }
  }
}

)RU�WKLV�MRE��WKH�RXWSXW�NH\�LV�LongWritable�DQG�WKH�RXWSXW�YDOXH�LV�Text��,Q�IDFW��DOO�WKH
NH\V�IRU�WKLV�0DS5HGXFH�SURJUDP�DUH�LongWritable��DQG�DOO�WKH�YDOXHV�DUH�Text��VLQFH
WKHVH�DUH�WKH�LQSXW�NH\V�DQG�YDOXHV��DQG�WKH�PDS�DQG�UHGXFH�IXQFWLRQV�DUH�ERWK�LGHQWLW\
IXQFWLRQV��ZKLFK�E\�GHILQLWLRQ�SUHVHUYH�W\SH��0RVW�0DS5HGXFH�SURJUDPV��KRZHYHU�
GRQ¦W�XVH�WKH�VDPH�NH\�RU�YDOXH�W\SHV�WKURXJKRXW��VR�\RX�QHHG�WR�FRQILJXUH�WKH�MRE�WR
GHFODUH�WKH�W\SHV�\RX�DUH�XVLQJ��DV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ�
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5HFRUGV�DUH�VRUWHG�E\�WKH�0DS5HGXFH�V\VWHP�EHIRUH�EHLQJ�SUHVHQWHG�WR�WKH�UHGXFHU�
,Q�WKLV�FDVH��WKH�NH\V�DUH�VRUWHG�QXPHULFDOO\��ZKLFK�KDV�WKH�HIIHFW�RI�LQWHUOHDYLQJ�WKH
OLQHV�IURP�WKH�LQSXW�ILOHV�LQWR�RQH�FRPELQHG�RXWSXW�ILOH�

7KH�GHIDXOW�RXWSXW�IRUPDW�LV�TextOutputFormat��ZKLFK�ZULWHV�RXW�UHFRUGV��RQH�SHU�OLQH�
E\�FRQYHUWLQJ�NH\V�DQG�YDOXHV�WR�VWULQJV�DQG�VHSDUDWLQJ�WKHP�ZLWK�D�WDE�FKDUDFWHU��7KLV
LV�ZK\�WKH�RXWSXW�LV�WDE�VHSDUDWHG��LW�LV�D�IHDWXUH�RI�TextOutputFormat�

The default Streaming job
,Q�6WUHDPLQJ��WKH�GHIDXOW�MRE�LV�VLPLODU��EXW�QRW�LGHQWLFDO��WR�WKH�-DYD�HTXLYDOHQW��7KH
PLQLPDO�IRUP�LV�

% hadoop jar $HADOOP_INSTALL/contrib/streaming/hadoop-*-streaming.jar \
  -input input/ncdc/sample.txt \
  -output output \
  -mapper /bin/cat

1RWLFH�WKDW�\RX�KDYH�WR�VXSSO\�D�PDSSHU��WKH�GHIDXOW�LGHQWLW\�PDSSHU�ZLOO�QRW�ZRUN�
7KH�UHDVRQ�KDV�WR�GR�ZLWK�WKH�GHIDXOW�LQSXW�IRUPDW��TextInputFormat��ZKLFK�JHQHUDWHV�
LongWritable�NH\V�DQG�Text�YDOXHV��+RZHYHU��6WUHDPLQJ�RXWSXW�NH\V�DQG�YDOXHV��LQ�
FOXGLQJ�WKH�PDS�NH\V�DQG�YDOXHV��DUH�DOZD\V�ERWK�RI�W\SH�Text���7KH�LGHQWLW\�PDSSHU
FDQQRW�FKDQJH�LongWritable�NH\V�WR�Text�NH\V��VR�LW�IDLOV�

:KHQ�ZH�VSHFLI\�D�QRQ�-DYD�PDSSHU�DQG�WKH�LQSXW�IRUPDW�LV�TextInputFormat��6WUHDP�
LQJ�GRHV�VRPHWKLQJ�VSHFLDO��,W�GRHVQ¦W�SDVV�WKH�NH\�WR�WKH�PDSSHU�SURFHVV��LW�MXVW�SDVVHV
WKH� YDOXH�� �)RU� RWKHU� LQSXW� IRUPDWV�� WKH� VDPH� HIIHFW� FDQ� EH� DFKLHYHG� E\� VHWWLQJ�
stream.map.input.ignoreKey�WR�true���7KLV�LV�DFWXDOO\�YHU\�XVHIXO�EHFDXVH�WKH�NH\�LV�MXVW
WKH�OLQH�RIIVHW�LQ�WKH�ILOH�DQG�WKH�YDOXH�LV�WKH�OLQH��ZKLFK�LV�DOO�PRVW�DSSOLFDWLRQV�DUH
LQWHUHVWHG�LQ��7KH�RYHUDOO�HIIHFW�RI�WKLV�MRE�LV�WR�SHUIRUP�D�VRUW�RI�WKH�LQSXW�

:LWK�PRUH�RI�WKH�GHIDXOWV�VSHOOHG�RXW��WKH�FRPPDQG�ORRNV�OLNH�WKLV��QRWLFH�WKDW�6WUHDP�
LQJ�XVHV�WKH�ROG�0DS5HGXFH�$3,�FODVVHV��

% hadoop jar $HADOOP_INSTALL/contrib/streaming/hadoop-*-streaming.jar \
  -input input/ncdc/sample.txt \
  -output output \
  -inputformat org.apache.hadoop.mapred.TextInputFormat \
  -mapper /bin/cat \
  -partitioner org.apache.hadoop.mapred.lib.HashPartitioner \
  -numReduceTasks 1 \
  -reducer org.apache.hadoop.mapred.lib.IdentityReducer \
  -outputformat org.apache.hadoop.mapred.TextOutputFormat

7KH�PDSSHU�DQG�UHGXFHU�DUJXPHQWV�WDNH�D�FRPPDQG�RU�D�-DYD�FODVV��$�FRPELQHU�PD\
RSWLRQDOO\�EH�VSHFLILHG�XVLQJ�WKH�-combiner�DUJXPHQW�

�� ([FHSW�ZKHQ�XVHG�LQ�ELQDU\�PRGH��QRW�DYDLODEOH�LQ���[��YLD�WKH�-io rawbytes�RU�-io typedbytes�RSWLRQV�
7H[W�PRGH��-io text��LV�WKH�GHIDXOW�
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Keys and values in Streaming
$�6WUHDPLQJ�DSSOLFDWLRQ�FDQ�FRQWURO�WKH�VHSDUDWRU�WKDW�LV�XVHG�ZKHQ�D�NH\�YDOXH�SDLU�LV
WXUQHG�LQWR�D�VHULHV�RI�E\WHV�DQG�VHQW�WR�WKH�PDS�RU�UHGXFH�SURFHVV�RYHU�VWDQGDUG�LQSXW�
7KH�GHIDXOW�LV�D�WDE�FKDUDFWHU��EXW�LW�LV�XVHIXO�WR�EH�DEOH�WR�FKDQJH�LW�LQ�WKH�FDVH�WKDW�WKH
NH\V�RU�YDOXHV�WKHPVHOYHV�FRQWDLQ�WDE�FKDUDFWHUV�

6LPLODUO\��ZKHQ�WKH�PDS�RU�UHGXFH�ZULWHV�RXW�NH\�YDOXH�SDLUV��WKH\�PD\�EH�VHSDUDWHG
E\�D�FRQILJXUDEOH�VHSDUDWRU��)XUWKHUPRUH��WKH�NH\�IURP�WKH�RXWSXW�FDQ�EH�FRPSRVHG
RI� PRUH� WKDQ� WKH� ILUVW� ILHOG�� LW� FDQ� EH� PDGH� XS� RI� WKH� ILUVW� Q� ILHOGV� �GHILQHG� E\�
stream.num.map.output.key.fields� RU� stream.num.reduce.output.key.fields��� ZLWK
WKH�YDOXH�EHLQJ�WKH�UHPDLQLQJ�ILHOGV��)RU�H[DPSOH��LI�WKH�RXWSXW�IURP�D�6WUHDPLQJ�SUR�
FHVV�ZHUH�a,b,c��ZLWK�D�FRPPD�DV�WKH�VHSDUDWRU���DQG�Q�ZHUH�WZR��WKH�NH\�ZRXOG�EH
SDUVHG�DV�a,b�DQG�WKH�YDOXH�DV�c�

6HSDUDWRUV�PD\�EH�FRQILJXUHG�LQGHSHQGHQWO\�IRU�PDSV�DQG�UHGXFHV��7KH�SURSHUWLHV�DUH
OLVWHG�LQ�7DEOH�����DQG�VKRZQ�LQ�D�GLDJUDP�RI�WKH�GDWD�IORZ�SDWK�LQ�)LJXUH�����

7KHVH�VHWWLQJV�GR�QRW�KDYH�DQ\�EHDULQJ�RQ�WKH�LQSXW�DQG�RXWSXW�IRUPDWV��)RU�H[DPSOH�
LI�stream.reduce.output.field.separator�ZHUH�VHW�WR�EH�D�FRORQ��VD\��DQG�WKH�UHGXFH
VWUHDP�SURFHVV�ZURWH�WKH�OLQH�a:b�WR�VWDQGDUG�RXW��WKH�6WUHDPLQJ�UHGXFHU�ZRXOG�NQRZ
WR�H[WUDFW�WKH�NH\�DV�a�DQG�WKH�YDOXH�DV�b��:LWK�WKH�VWDQGDUG�TextOutputFormat��WKLV
UHFRUG�ZRXOG�EH�ZULWWHQ�WR�WKH�RXWSXW�ILOH�ZLWK�D�WDE�VHSDUDWLQJ�a�DQG�b��<RX�FDQ�FKDQJH
WKH� VHSDUDWRU� WKDW� TextOutputFormat� XVHV� E\� VHWWLQJ� mapred.textoutputfor
mat.separator�

$�OLVW�RI�6WUHDPLQJ�FRQILJXUDWLRQ�SDUDPHWHUV�FDQ�EH�IRXQG�RQ�WKH�+DGRRS�ZHEVLWH�DW
KWWS���KDGRRS�DSDFKH�RUJ�PDSUHGXFH�GRFV�FXUUHQW�VWUHDPLQJ�KWPO�&RQILJXUDEOH�SD
UDPHWHUV�

7DEOH������6WUHDPLQJ�VHSDUDWRU�SURSHUWLHV

Property name Type Default value Description

stream.map.input.field.
separator

String \t The separator to use when passing the input key and
value strings to the stream map process as a stream of
bytes

stream.map.output.field.
separator

String \t The separator to use when splitting the output from
the stream map process into key and value strings for
the map output

stream.num.map.
output.key.fields

int 1 The number of fields separated by
stream.map.output.field.separator
to treat as the map output key

stream.reduce.input.field.
separator

String \t The separator to use when passing the input key and
value strings to the stream reduce process as a stream
of bytes
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Property name Type Default value Description

stream.reduce.
output.field.
separator

String \t The separator to use when splitting the output from
the stream reduce process into key and value strings
for the final reduce output

stream.num.reduce.
output.key.fields

int 1 The number of fields separated by
stream.reduce.output.field.separator
to treat as the reduce output key

)LJXUH������:KHUH�VHSDUDWRUV�DUH�XVHG�LQ�D�6WUHDPLQJ�0DS5HGXFH�MRE

Input Formats
+DGRRS�FDQ�SURFHVV�PDQ\�GLIIHUHQW�W\SHV�RI�GDWD�IRUPDWV��IURP�IODW�WH[W�ILOHV�WR�GDWD�
EDVHV��,Q�WKLV�VHFWLRQ��ZH�H[SORUH�WKH�GLIIHUHQW�IRUPDWV�DYDLODEOH�

Input Splits and Records
$V�ZH�VDZ�LQ�&KDSWHU����DQ�LQSXW�VSOLW�LV�D�FKXQN�RI�WKH�LQSXW�WKDW�LV�SURFHVVHG�E\�D
VLQJOH�PDS��(DFK�PDS�SURFHVVHV�D�VLQJOH�VSOLW��(DFK�VSOLW�LV�GLYLGHG�LQWR�UHFRUGV��DQG
WKH�PDS�SURFHVVHV�HDFK�UHFRUG¢D�NH\�YDOXH�SDLU¢LQ�WXUQ��6SOLWV�DQG�UHFRUGV�DUH�ORJ�
LFDO��WKHUH�LV�QRWKLQJ�WKDW�UHTXLUHV�WKHP�WR�EH�WLHG�WR�ILOHV��IRU�H[DPSOH��DOWKRXJK�LQ�WKHLU
PRVW�FRPPRQ�LQFDUQDWLRQV��WKH\�DUH��,Q�D�GDWDEDVH�FRQWH[W��D�VSOLW�PLJKW�FRUUHVSRQG
WR�D�UDQJH�RI�URZV�IURP�D�WDEOH�DQG�D�UHFRUG�WR�D�URZ�LQ�WKDW�UDQJH��WKLV�LV�SUHFLVHO\�ZKDW�
DBInputFormat�GRHV��ZKLFK�LV�DQ�LQSXW�IRUPDW�IRU�UHDGLQJ�GDWD�IURP�D�UHODWLRQDO�GDWD�
EDVH��

,QSXW�VSOLWV�DUH�UHSUHVHQWHG�E\�WKH�-DYD�FODVV�InputSplit��ZKLFK��OLNH�DOO�RI�WKH�FODVVHV
PHQWLRQHG�LQ�WKLV�VHFWLRQ��LV�LQ�WKH�org.apache.hadoop.mapreduce�SDFNDJH���

public abstract class InputSplit {
  public abstract long getLength() throws IOException, InterruptedException;

�� %XW�VHH�WKH�FODVVHV�LQ�org.apache.hadoop.mapred�IRU�WKH�ROG�0DS5HGXFH�$3,�FRXQWHUSDUWV�
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  public abstract String[] getLocations() throws IOException,
    InterruptedException;
}

$Q�InputSplit�KDV�D�OHQJWK�LQ�E\WHV�DQG�D�VHW�RI�VWRUDJH�ORFDWLRQV��ZKLFK�DUH�MXVW�KRVW�
QDPH�VWULQJV��1RWLFH�WKDW�D�VSOLW�GRHVQ¦W�FRQWDLQ�WKH�LQSXW�GDWD��LW�LV�MXVW�D�UHIHUHQFH�WR
WKH�GDWD��7KH�VWRUDJH�ORFDWLRQV�DUH�XVHG�E\�WKH�0DS5HGXFH�V\VWHP�WR�SODFH�PDS�WDVNV
DV�FORVH�WR�WKH�VSOLW¦V�GDWD�DV�SRVVLEOH��DQG�WKH�VL]H�LV�XVHG�WR�RUGHU�WKH�VSOLWV�VR�WKDW�WKH
ODUJHVW�JHW�SURFHVVHG�ILUVW��LQ�DQ�DWWHPSW�WR�PLQLPL]H�WKH�MRE�UXQWLPH��WKLV�LV�DQ�LQVWDQFH
RI�D�JUHHG\�DSSUR[LPDWLRQ�DOJRULWKP��

$V�D�0DS5HGXFH�DSSOLFDWLRQ�ZULWHU��\RX�GRQ¦W�QHHG�WR�GHDO�ZLWK�InputSplitV�GLUHFWO\�
DV�WKH\�DUH�FUHDWHG�E\�DQ�InputFormat��$Q�InputFormat�LV�UHVSRQVLEOH�IRU�FUHDWLQJ�WKH
LQSXW�VSOLWV�DQG�GLYLGLQJ�WKHP�LQWR�UHFRUGV��%HIRUH�ZH�VHH�VRPH�FRQFUHWH�H[DPSOHV�RI�
InputFormat��OHW¦V�EULHIO\�H[DPLQH�KRZ�LW�LV�XVHG�LQ�0DS5HGXFH��+HUH¦V�WKH�LQWHUIDFH�

public abstract class InputFormat<K, V> {
  public abstract List<InputSplit> getSplits(JobContext context)
    throws IOException, InterruptedException;
  
  public abstract RecordReader<K, V>
    createRecordReader(InputSplit split,
                       TaskAttemptContext context) throws IOException, 
                                                 InterruptedException;
}

7KH�FOLHQW�UXQQLQJ�WKH�MRE�FDOFXODWHV�WKH�VSOLWV�IRU�WKH�MRE�E\�FDOOLQJ�getSplits()��WKHQ
VHQGV�WKHP�WR�WKH�MREWUDFNHU��ZKLFK�XVHV�WKHLU�VWRUDJH�ORFDWLRQV�WR�VFKHGXOH�PDS�WDVNV
WKDW�ZLOO�SURFHVV�WKHP�RQ�WKH�WDVNWUDFNHUV��2Q�D�WDVNWUDFNHU��WKH�PDS�WDVN�SDVVHV�WKH
VSOLW�WR�WKH�createRecordReader()�PHWKRG�RQ�InputFormat�WR�REWDLQ�D�RecordReader�IRU
WKDW�VSOLW��$�RecordReader�LV�OLWWOH�PRUH�WKDQ�DQ�LWHUDWRU�RYHU�UHFRUGV��DQG�WKH�PDS�WDVN
XVHV�RQH�WR�JHQHUDWH�UHFRUG�NH\�YDOXH�SDLUV��ZKLFK�LW�SDVVHV�WR�WKH�PDS�IXQFWLRQ��:H
FDQ�VHH�WKLV�E\�ORRNLQJ�DW�WKH�Mapper¦V�run()�PHWKRG�

public void run(Context context) throws IOException, InterruptedException {
  setup(context);
  while (context.nextKeyValue()) {
    map(context.getCurrentKey(), context.getCurrentValue(), context);
  }
  cleanup(context);
}

$IWHU�UXQQLQJ�setup()��WKH�nextKeyValue()�LV�FDOOHG�UHSHDWHGO\�RQ�WKH�Context��ZKLFK
GHOHJDWHV�WR�WKH�LGHQWLFDOO\�QDPHG�PHWKRG�RQ�WKH�RecordReader��WR�SRSXODWH�WKH�NH\
DQG�YDOXH�REMHFWV� IRU� WKH�PDSSHU��7KH�NH\�DQG�YDOXH�DUH� UHWULHYHG� IURP�WKH�Record
Reader�E\�ZD\�RI�WKH�Context�DQG�DUH�SDVVHG�WR�WKH�map()�PHWKRG�IRU�LW�WR�GR�LWV�ZRUN�
:KHQ�WKH�UHDGHU�JHWV� WR� WKH�HQG�RI� WKH�VWUHDP�� WKH�nextKeyValue()�PHWKRG�UHWXUQV
false��DQG�WKH�PDS�WDVN�UXQV�LWV�cleanup()�PHWKRG�DQG�WKHQ�FRPSOHWHV�
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,W¦V�QRW�VKRZQ�LQ�WKH�FRGH�VQLSSHW��EXW�IRU�UHDVRQV�RI�HIILFLHQF\�Record
Reader�LPSOHPHQWDWLRQV�ZLOO�UHWXUQ�WKH�VDPH�NH\�DQG�YDOXH�REMHFWV�RQ
HDFK�FDOO�WR�getCurrentKey()�DQG�getCurrentValue()��2QO\�WKH�FRQWHQWV
RI� WKHVH�REMHFWV�DUH�FKDQJHG�E\� WKH�UHDGHU¦V�nextKeyValue()�PHWKRG�
7KLV�FDQ�EH�D�VXUSULVH�WR�XVHUV��ZKR�PLJKW�H[SHFW�NH\V�DQG�YDOXHV�WR�EH
LPPXWDEOH��DQG�QRW�WR�EH�UHXVHG��7KLV�FDXVHV�SUREOHPV�ZKHQ�D�UHIHUHQFH
WR�D�NH\�RU�YDOXH�REMHFW�LV�UHWDLQHG�RXWVLGH�WKH�map()�PHWKRG��DV�LWV�YDOXH
FDQ�FKDQJH�ZLWKRXW�ZDUQLQJ��,I�\RX�QHHG�WR�GR�WKLV��PDNH�D�FRS\�RI�WKH
REMHFW�\RX�ZDQW�WR�KROG�RQ�WR��)RU�H[DPSOH��IRU�D�Text�REMHFW��\RX�FDQ
XVH�LWV�FRS\�FRQVWUXFWRU��new Text(value)�

7KH�VLWXDWLRQ�LV�VLPLODU�ZLWK�UHGXFHUV��,Q�WKLV�FDVH��WKH�YDOXH�REMHFWV�LQ
WKH�UHGXFHU¦V�LWHUDWRU�DUH�UHXVHG��VR�\RX�QHHG�WR�FRS\�DQ\�WKDW�\RX�QHHG
WR�UHWDLQ�EHWZHHQ�FDOOV�WR�WKH�LWHUDWRU��VHH�([DPSOH�������

)LQDOO\��QRWH�WKDW�WKH�Mapper¦V�run()�PHWKRG�LV�SXEOLF�DQG�PD\�EH�FXVWRPL]HG�E\�XVHUV��
MultithreadedMapper�LV�DQ�LPSOHPHQWDWLRQ�WKDW�UXQV�PDSSHUV�FRQFXUUHQWO\�LQ�D�FRQ�
ILJXUDEOH�QXPEHU�RI�WKUHDGV��VHW�E\�mapreduce.mapper.multithreadedmapper.threads��
)RU�PRVW�GDWD�SURFHVVLQJ�WDVNV��LW�FRQIHUV�QR�DGYDQWDJH�RYHU�WKH�GHIDXOW�LPSOHPHQWD�
WLRQ��+RZHYHU��IRU�PDSSHUV�WKDW�VSHQG�D�ORQJ�WLPH�SURFHVVLQJ�HDFK�UHFRUG¢EHFDXVH
WKH\�FRQWDFW�H[WHUQDO�VHUYHUV��IRU�H[DPSOH¢LW�DOORZV�PXOWLSOH�PDSSHUV�WR�UXQ�LQ�RQH
-90� ZLWK� OLWWOH� FRQWHQWLRQ�� 6HH� £)HWFKHU�� $� PXOWLWKUHDGHG� 0DS5XQQHU� LQ� DF�
WLRQ¤�RQ�SDJH�����IRU�DQ�H[DPSOH�RI�DQ�DSSOLFDWLRQ�WKDW�XVHV�WKH�PXOWLWKUHDGHG�YHUVLRQ
�XVLQJ�WKH�ROG�$3,��

FileInputFormat
FileInputFormat�LV�WKH�EDVH�FODVV�IRU�DOO�LPSOHPHQWDWLRQV�RI�InputFormat�WKDW�XVH�ILOHV
DV�WKHLU�GDWD�VRXUFH��VHH�)LJXUH�������,W�SURYLGHV�WZR�WKLQJV��D�SODFH�WR�GHILQH�ZKLFK�ILOHV
DUH�LQFOXGHG�DV�WKH�LQSXW�WR�D�MRE��DQG�DQ�LPSOHPHQWDWLRQ�IRU�JHQHUDWLQJ�VSOLWV�IRU�WKH
LQSXW�ILOHV��7KH�MRE�RI�GLYLGLQJ�VSOLWV�LQWR�UHFRUGV�LV�SHUIRUPHG�E\�VXEFODVVHV�

FileInputFormat input paths
7KH�LQSXW�WR�D�MRE�LV�VSHFLILHG�DV�D�FROOHFWLRQ�RI�SDWKV��ZKLFK�RIIHUV�JUHDW�IOH[LELOLW\�LQ
FRQVWUDLQLQJ�WKH�LQSXW�WR�D�MRE��FileInputFormat�RIIHUV�IRXU�VWDWLF�FRQYHQLHQFH�PHWKRGV
IRU�VHWWLQJ�D�Job¦V�LQSXW�SDWKV�

public static void addInputPath(Job job, Path path)
public static void addInputPaths(Job job, String commaSeparatedPaths)
public static void setInputPaths(Job job, Path... inputPaths)
public static void setInputPaths(Job job, String commaSeparatedPaths)

7KH�addInputPath()�DQG�addInputPaths()�PHWKRGV�DGG�D�SDWK�RU�SDWKV�WR�WKH�OLVW�RI
LQSXWV��<RX�FDQ�FDOO�WKHVH�PHWKRGV�UHSHDWHGO\�WR�EXLOG�WKH�OLVW�RI�SDWKV��7KH�setInput
Paths()�PHWKRGV�VHW�WKH�HQWLUH�OLVW�RI�SDWKV�LQ�RQH�JR��UHSODFLQJ�DQ\�SDWKV�VHW�RQ�WKH�
Job�LQ�SUHYLRXV�FDOOV��
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$�SDWK�PD\�UHSUHVHQW�D�ILOH��D�GLUHFWRU\��RU��E\�XVLQJ�D�JORE��D�FROOHFWLRQ�RI�ILOHV�DQG
GLUHFWRULHV��$�SDWK�UHSUHVHQWLQJ�D�GLUHFWRU\�LQFOXGHV�DOO�WKH�ILOHV�LQ�WKH�GLUHFWRU\�DV�LQSXW
WR�WKH�MRE��6HH�£)LOH�SDWWHUQV¤�RQ�SDJH����IRU�PRUH�RQ�XVLQJ�JOREV�

7KH�FRQWHQWV�RI�D�GLUHFWRU\�VSHFLILHG�DV�DQ�LQSXW�SDWK�DUH�QRW�SURFHVVHG
UHFXUVLYHO\��,Q�IDFW��WKH�GLUHFWRU\�VKRXOG�RQO\�FRQWDLQ�ILOHV��,I�WKH�GLUHF�
WRU\�FRQWDLQV�D�VXEGLUHFWRU\��LW�ZLOO�EH�LQWHUSUHWHG�DV�D�ILOH��ZKLFK�ZLOO
FDXVH�DQ�HUURU��7KH�ZD\�WR�KDQGOH�WKLV�FDVH�LV�WR�XVH�D�ILOH�JORE�RU�D�ILOWHU
WR�VHOHFW�RQO\�WKH�ILOHV�LQ�WKH�GLUHFWRU\�EDVHG�RQ�D�QDPH�SDWWHUQ��$OWHU�
QDWLYHO\��VHW�mapred.input.dir.recursive�WR�true�WR�IRUFH�WKH�LQSXW�GL�
UHFWRU\�WR�EH�UHDG�UHFXUVLYHO\�

7KH�DGG�DQG�VHW�PHWKRGV�DOORZ�ILOHV�WR�EH�VSHFLILHG�E\�LQFOXVLRQ�RQO\��7R�H[FOXGH�FHUWDLQ
ILOHV� IURP�WKH� LQSXW��\RX�FDQ�VHW�D� ILOWHU�XVLQJ�WKH�setInputPathFilter()�PHWKRG�RQ
FileInputFormat�

public static void setInputPathFilter(Job job, Class<? extends PathFilter> filter)

)LOWHUV�DUH�GLVFXVVHG�LQ�PRUH�GHWDLO�LQ�£3DWK)LOWHU¤�RQ�SDJH����

)LJXUH������,QSXW)RUPDW�FODVV�KLHUDUFK\
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(YHQ�LI�\RX�GRQ¦W�VHW�D�ILOWHU��FileInputFormat�XVHV�D�GHIDXOW�ILOWHU�WKDW�H[FOXGHV�KLGGHQ
ILOHV��WKRVH�ZKRVH�QDPHV�EHJLQ�ZLWK�D�GRW�RU�DQ�XQGHUVFRUH���,I�\RX�VHW�D�ILOWHU�E\�FDOOLQJ�
setInputPathFilter()��LW�DFWV�LQ�DGGLWLRQ�WR�WKH�GHIDXOW�ILOWHU��,Q�RWKHU�ZRUGV��RQO\�QRQ�
KLGGHQ�ILOHV�WKDW�DUH�DFFHSWHG�E\�\RXU�ILOWHU�JHW�WKURXJK�

3DWKV�DQG�ILOWHUV�FDQ�EH�VHW�WKURXJK�FRQILJXUDWLRQ�SURSHUWLHV��WRR��7DEOH�������ZKLFK
FDQ�EH�KDQG\�IRU�6WUHDPLQJ�DQG�3LSHV��6HWWLQJ�SDWKV�LV�GRQH�ZLWK�WKH�-input�RSWLRQ�IRU
ERWK�6WUHDPLQJ�DQG�3LSHV�LQWHUIDFHV��VR�VHWWLQJ�SDWKV�GLUHFWO\�XVXDOO\�LV�QRW�QHHGHG�

7DEOH������,QSXW�SDWK�DQG�ILOWHU�SURSHUWLHV

Property name Type Default value Description

mapred.input.dir Comma-separated paths None The input files for a job. Paths that contain commas
should have those commas escaped by a backslash
character. For example, the glob {a,b} would be
escaped as {a\,b}.

mapred.input.
pathFilter.class

PathFilter
classname

None The filter to apply to the input files for a job.

FileInputFormat input splits
*LYHQ�D�VHW�RI�ILOHV��KRZ�GRHV�FileInputFormat�WXUQ�WKHP�LQWR�VSOLWV"�FileInputFormat
VSOLWV�RQO\�ODUJH�ILOHV��+HUH�£ODUJH¤�PHDQV�ODUJHU�WKDQ�DQ�+')6�EORFN��7KH�VSOLW�VL]H�LV
QRUPDOO\�WKH�VL]H�RI�DQ�+')6�EORFN��ZKLFK�LV�DSSURSULDWH�IRU�PRVW�DSSOLFDWLRQV��KRZ�
HYHU��LW�LV�SRVVLEOH�WR�FRQWURO�WKLV�YDOXH�E\�VHWWLQJ�YDULRXV�+DGRRS�SURSHUWLHV��DV�VKRZQ
LQ�7DEOH�����

7DEOH������3URSHUWLHV�IRU�FRQWUROOLQJ�VSOLW�VL]H

Property name Type Default value Description

mapred.min.split.size int 1 The smallest valid size in
bytes for a file split

mapred.max.split.size a long Long.MAX_VALUE, that is,
9223372036854775807

The largest valid size in
bytes for a file split

dfs.block.size long 64 MB, that is,67108864 The size of a block in HDFS
in bytes

a This property is not present in the old MapReduce API (with the exception of CombineFileInputFormat). Instead, it is calculated
indirectly as the size of the total input for the job, divided by the guide number of map tasks specified by mapred.map.tasks (or the 
setNumMapTasks() method on JobConf). Because mapred.map.tasks defaults to 1, this makes the maximum split size the size
of the input.

7KH�PLQLPXP�VSOLW�VL]H�LV�XVXDOO\���E\WH��DOWKRXJK�VRPH�IRUPDWV�KDYH�D�ORZHU�ERXQG
RQ�WKH�VSOLW�VL]H���)RU�H[DPSOH��VHTXHQFH�ILOHV�LQVHUW�V\QF�HQWULHV�HYHU\�VR�RIWHQ�LQ�WKH
VWUHDP��VR�WKH�PLQLPXP�VSOLW�VL]H�KDV�WR�EH�ODUJH�HQRXJK�WR�HQVXUH�WKDW�HYHU\�VSOLW�KDV
D�V\QF�SRLQW�WR�DOORZ�WKH�UHDGHU�WR�UHV\QFKURQL]H�ZLWK�D�UHFRUG�ERXQGDU\��
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$SSOLFDWLRQV�PD\�LPSRVH�D�PLQLPXP�VSOLW�VL]H��%\�VHWWLQJ�WKLV�WR�D�YDOXH�ODUJHU�WKDQ
WKH�EORFN�VL]H��WKH\�FDQ�IRUFH�VSOLWV�WR�EH�ODUJHU�WKDQ�D�EORFN��7KHUH�LV�QR�JRRG�UHDVRQ
IRU�GRLQJ�WKLV�ZKHQ�XVLQJ�+')6��EHFDXVH�GRLQJ�VR�ZLOO�LQFUHDVH�WKH�QXPEHU�RI�EORFNV
WKDW�DUH�QRW�ORFDO�WR�D�PDS�WDVN�

7KH�PD[LPXP�VSOLW�VL]H�GHIDXOWV�WR�WKH�PD[LPXP�YDOXH�WKDW�FDQ�EH�UHSUHVHQWHG�E\�D
-DYD�long�W\SH��,W�KDV�DQ�HIIHFW�RQO\�ZKHQ�LW�LV�OHVV�WKDQ�WKH�EORFN�VL]H��IRUFLQJ�VSOLWV�WR
EH�VPDOOHU�WKDQ�D�EORFN�

7KH� VSOLW� VL]H� LV� FDOFXODWHG� E\� WKH� IRUPXOD� �VHH� WKH� computeSplitSize()� PHWKRG� LQ
FileInputFormat��

max(minimumSize, min(maximumSize, blockSize))

DQG�E\�GHIDXOW�

minimumSize < blockSize < maximumSize

VR�WKH�VSOLW�VL]H�LV�blockSize��9DULRXV�VHWWLQJV�IRU�WKHVH�SDUDPHWHUV�DQG�KRZ�WKH\�DIIHFW
WKH�ILQDO�VSOLW�VL]H�DUH�LOOXVWUDWHG�LQ�7DEOH�����

7DEOH������([DPSOHV�RI�KRZ�WR�FRQWURO�WKH�VSOLW�VL]H

Minimum split size Maximum split size Block size Split size Comment

1 (default) Long.MAX_VALUE
(default)

64 MB (default) 64 MB By default, the split size is the same
as the default block size.

1 (default) Long.MAX_VALUE
(default)

128 MB 128 MB The most natural way to increase the
split size is to have larger blocks in
HDFS, either by setting dfs.block
size or on a per-file basis at file con-
struction time.

128 MB Long.MAX_VALUE
(default)

64 MB (default) 128 MB Making the minimum split size
greater than the block size increases
the split size, but at the cost of locality.

1 (default) 32 MB 64 MB (default) 32 MB Making the maximum split size less
than the block size decreases the split
size.

Small files and CombineFileInputFormat
+DGRRS�ZRUNV�EHWWHU�ZLWK�D�VPDOO�QXPEHU�RI�ODUJH�ILOHV�WKDQ�D�ODUJH�QXPEHU�RI�VPDOO
ILOHV��2QH�UHDVRQ�IRU�WKLV�LV�WKDW�FileInputFormat�JHQHUDWHV�VSOLWV�LQ�VXFK�D�ZD\�WKDW�HDFK
VSOLW�LV�DOO�RU�SDUW�RI�D�VLQJOH�ILOH��,I�WKH�ILOH�LV�YHU\�VPDOO��£VPDOO¤�PHDQV�VLJQLILFDQWO\
VPDOOHU�WKDQ�DQ�+')6�EORFN��DQG�WKHUH�DUH�D�ORW�RI�WKHP��HDFK�PDS�WDVN�ZLOO�SURFHVV
YHU\�OLWWOH�LQSXW��DQG�WKHUH�ZLOO�EH�D�ORW�RI�WKHP��RQH�SHU�ILOH���HDFK�RI�ZKLFK�LPSRVHV
H[WUD�ERRNNHHSLQJ�RYHUKHDG��&RPSDUH�D���*%�ILOH�EURNHQ�LQWR�VL[WHHQ����0%�EORFNV
DQG��������RU�VR�����.%�ILOHV��7KH��������ILOHV�XVH�RQH�PDS�HDFK��DQG�WKH�MRE�WLPH�FDQ
EH�WHQV�RU�KXQGUHGV�RI�WLPHV�VORZHU�WKDQ�WKH�HTXLYDOHQW�RQH�ZLWK�D�VLQJOH�LQSXW�ILOH�DQG
���PDS�WDVNV�
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7KH�VLWXDWLRQ�LV�DOOHYLDWHG�VRPHZKDW�E\�CombineFileInputFormat��ZKLFK�ZDV�GHVLJQHG
WR� ZRUN� ZHOO� ZLWK� VPDOO� ILOHV�� :KHUH� FileInputFormat� FUHDWHV� D� VSOLW� SHU� ILOH�
CombineFileInputFormat�SDFNV�PDQ\�ILOHV�LQWR�HDFK�VSOLW�VR�WKDW�HDFK�PDSSHU�KDV�PRUH
WR�SURFHVV��&UXFLDOO\��CombineFileInputFormat�WDNHV�QRGH�DQG�UDFN�ORFDOLW\�LQWR�DFFRXQW
ZKHQ�GHFLGLQJ�ZKLFK�EORFNV�WR�SODFH�LQ�WKH�VDPH�VSOLW��VR�LW�GRHV�QRW�FRPSURPLVH�WKH
VSHHG�DW�ZKLFK�LW�FDQ�SURFHVV�WKH�LQSXW�LQ�D�W\SLFDO�0DS5HGXFH�MRE�

2I�FRXUVH��LI�SRVVLEOH��LW�LV�VWLOO�D�JRRG�LGHD�WR�DYRLG�WKH�PDQ\�VPDOO�ILOHV�FDVH�EHFDXVH
0DS5HGXFH�ZRUNV�EHVW�ZKHQ�LW�FDQ�RSHUDWH�DW�WKH�WUDQVIHU�UDWH�RI�WKH�GLVNV�LQ�WKH�FOXVWHU�
DQG�SURFHVVLQJ�PDQ\�VPDOO�ILOHV�LQFUHDVHV�WKH�QXPEHU�RI�VHHNV�WKDW�DUH�QHHGHG�WR�UXQ
D�MRE��$OVR��VWRULQJ�ODUJH�QXPEHUV�RI�VPDOO�ILOHV�LQ�+')6�LV�ZDVWHIXO�RI�WKH�QDPHQRGH¦V
PHPRU\��2QH�WHFKQLTXH�IRU�DYRLGLQJ�WKH�PDQ\�VPDOO�ILOHV�FDVH�LV�WR�PHUJH�VPDOO�ILOHV
LQWR�ODUJHU�ILOHV�E\�XVLQJ�D�6HTXHQFH)LOH��ZLWK�WKLV�DSSURDFK��WKH�NH\V�FDQ�DFW�DV�ILOH�
QDPHV��RU�D�FRQVWDQW�VXFK�DV�NullWritable��LI�QRW�QHHGHG��DQG�WKH�YDOXHV�DV�ILOH�FRQWHQWV�
6HH�([DPSOH� ����� %XW� LI� \RX� DOUHDG\� KDYH� D� ODUJH� QXPEHU� RI� VPDOO� ILOHV� LQ�+')6��
CombineFileInputFormat�LV�ZRUWK�WU\LQJ�

CombineFileInputFormat�LVQ¦W�MXVW�JRRG�IRU�VPDOO�ILOHV��LW�FDQ�EULQJ�EHQ�
HILWV�ZKHQ�SURFHVVLQJ�ODUJH�ILOHV��WRR��(VVHQWLDOO\��CombineFileInputFor
mat�GHFRXSOHV�WKH�DPRXQW�RI�GDWD�WKDW�D�PDSSHU�FRQVXPHV�IURP�WKH
EORFN�VL]H�RI�WKH�ILOHV�LQ�+')6�

,I� \RXU� PDSSHUV� FDQ� SURFHVV� HDFK� EORFN� LQ� D� PDWWHU� RI� VHFRQGV�
\RX�FRXOG�XVH�CombineFileInputFormat�ZLWK�WKH�PD[LPXP�VSOLW�VL]H�VHW
WR� D� VPDOO� PXOWLSOH� RI� WKH� QXPEHU� RI� EORFNV� �E\� VHWWLQJ� WKH�
mapred.max.split.size�SURSHUW\�LQ�E\WHV��VR�WKDW�HDFK�PDSSHU�SURFHVVHV
PRUH�WKDQ�RQH�EORFN��,Q�UHWXUQ��WKH�RYHUDOO�SURFHVVLQJ�WLPH�IDOOV��VLQFH
SURSRUWLRQDOO\�IHZHU�PDSSHUV�UXQ��ZKLFK�UHGXFHV�WKH�RYHUKHDG�LQ�WDVN
ERRNNHHSLQJ�DQG�VWDUWXS�WLPH�DVVRFLDWHG�ZLWK�D�ODUJH�QXPEHU�RI�VKRUW�
OLYHG�PDSSHUV�

%HFDXVH�CombineFileInputFormat�LV�DQ�DEVWUDFW�FODVV�ZLWKRXW�DQ\�FRQFUHWH�FODVVHV��XQ�
OLNH�FileInputFormat���\RX�QHHG�WR�GR�D�ELW�PRUH�ZRUN�WR�XVH�LW���+RSHIXOO\��FRPPRQ
LPSOHPHQWDWLRQV�ZLOO�EH�DGGHG�WR� WKH� OLEUDU\�RYHU� WLPH���)RU�H[DPSOH�� WR�KDYH� WKH�
CombineFileInputFormat�HTXLYDOHQW�RI�TextInputFormat��\RX�ZRXOG�FUHDWH�D�FRQFUHWH
VXEFODVV�RI�CombineFileInputFormat�DQG�LPSOHPHQW�WKH�getRecordReader()�PHWKRG�
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Preventing splitting
6RPH�DSSOLFDWLRQV�GRQ¦W�ZDQW�ILOHV�WR�EH�VSOLW��DV�WKLV�DOORZV�D�VLQJOH�PDSSHU�WR�SURFHVV
HDFK�LQSXW�ILOH�LQ�LWV�HQWLUHW\��)RU�H[DPSOH��D�VLPSOH�ZD\�WR�FKHFN�LI�DOO�WKH�UHFRUGV�LQ�D
ILOH�DUH�VRUWHG�LV�WR�JR�WKURXJK�WKH�UHFRUGV�LQ�RUGHU��FKHFNLQJ�ZKHWKHU�HDFK�UHFRUG�LV
QRW�OHVV�WKDQ�WKH�SUHFHGLQJ�RQH��,PSOHPHQWHG�DV�D�PDS�WDVN��WKLV�DOJRULWKP�ZLOO�ZRUN
RQO\�LI�RQH�PDS�SURFHVVHV�WKH�ZKROH�ILOH��

7KHUH�DUH�D�FRXSOH�RI�ZD\V�WR�HQVXUH�WKDW�DQ�H[LVWLQJ�ILOH�LV�QRW�VSOLW��7KH�ILUVW��TXLFN
DQG�GLUW\��ZD\�LV�WR�LQFUHDVH�WKH�PLQLPXP�VSOLW�VL]H�WR�EH�ODUJHU�WKDQ�WKH�ODUJHVW�ILOH�LQ
\RXU�V\VWHP��6HWWLQJ�LW�WR�LWV�PD[LPXP�YDOXH��Long.MAX_VALUE��KDV�WKLV�HIIHFW��7KH�VHF�
RQG�LV�WR�VXEFODVV�WKH�FRQFUHWH�VXEFODVV�RI�FileInputFormat�WKDW�\RX�ZDQW�WR�XVH��WR
RYHUULGH�WKH�isSplitable()�PHWKRG��WR�UHWXUQ�false��)RU�H[DPSOH��KHUH¦V�D�QRQVSOLWWDEOH
TextInputFormat�

import org.apache.hadoop.fs.Path;
import org.apache.hadoop.mapreduce.JobContext;
import org.apache.hadoop.mapreduce.lib.input.TextInputFormat;

public class NonSplittableTextInputFormat extends TextInputFormat {
  @Override
  protected boolean isSplitable(JobContext context, Path file) {
    return false;
  }
}

File information in the mapper
$�PDSSHU�SURFHVVLQJ�D�ILOH�LQSXW�VSOLW�FDQ�ILQG�LQIRUPDWLRQ�DERXW�WKH�VSOLW�E\�FDOOLQJ
WKH�getInputSplit()�PHWKRG�RQ�WKH�Mapper¦V�Context�REMHFW��:KHQ�WKH�LQSXW�IRUPDW
GHULYHV�IURP�FileInputFormat��WKH�InputSplit�UHWXUQHG�E\�WKLV�PHWKRG�FDQ�EH�FDVW�WR�D�
FileSplit�WR�DFFHVV�WKH�ILOH�LQIRUPDWLRQ�OLVWHG�LQ�7DEOH�����

,Q�WKH�ROG�0DS5HGXFH�$3,��6WUHDPLQJ��DQG�3LSHV�� WKH�VDPH�ILOH�VSOLW� LQIRUPDWLRQ� LV
PDGH�DYDLODEOH�WKURXJK�SURSHUWLHV�WKDW�FDQ�EH�UHDG�IURP�WKH�PDSSHU¦V�FRQILJXUDWLRQ�
�,Q� WKH�ROG�0DS5HGXFH�$3,� WKLV� LV� DFKLHYHG�E\� LPSOHPHQWLQJ�configure()� LQ�\RXU�
Mapper�LPSOHPHQWDWLRQ�WR�JHW�DFFHVV�WR�WKH�JobConf�REMHFW��

,Q�DGGLWLRQ�WR�WKH�SURSHUWLHV�LQ�7DEOH������DOO�PDSSHUV�DQG�UHGXFHUV�KDYH�DFFHVV�WR�WKH
SURSHUWLHV�OLVWHG�LQ�£7KH�7DVN�([HFXWLRQ�(QYLURQPHQW¤�RQ�SDJH�����

7DEOH������)LOH�VSOLW�SURSHUWLHV

FileSplit method Property name Type Description

getPath() map.input.file Path/String The path of the input file being processed

�� 7KLV�LV�KRZ�WKH�PDSSHU�LQ�SortValidator.RecordStatsChecker�LV�LPSOHPHQWHG�

�� ,Q�WKH�PHWKRG�QDPH�isSplitable()��£VSOLWDEOH¤�KDV�D�VLQJOH�£W�¤�,W�LV�XVXDOO\�VSHOOHG�£VSOLWWDEOH�¤�ZKLFK
LV�WKH�VSHOOLQJ�,�KDYH�XVHG�LQ�WKLV�ERRN�
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FileSplit method Property name Type Description

getStart() map.input.start long The byte offset of the start of the split from the beginning
of the file

getLength() map.input.length long The length of the split in bytes

,Q�WKH�QH[W�VHFWLRQ��\RX�VKDOO�VHH�KRZ�WR�XVH�D�FileSplit�ZKHQ�ZH�QHHG�WR�DFFHVV�WKH
VSOLW¦V�ILOHQDPH�

Processing a whole file as a record
$�UHODWHG�UHTXLUHPHQW�WKDW�VRPHWLPHV�FURSV�XS�LV�IRU�PDSSHUV�WR�KDYH�DFFHVV�WR�WKH�IXOO
FRQWHQWV�RI�D�ILOH��1RW�VSOLWWLQJ�WKH�ILOH�JHWV�\RX�SDUW�RI�WKH�ZD\�WKHUH��EXW�\RX�DOVR�QHHG
WR�KDYH�D�RecordReader�WKDW�GHOLYHUV�WKH�ILOH�FRQWHQWV�DV�WKH�YDOXH�RI�WKH�UHFRUG��7KH
OLVWLQJ�IRU�WholeFileInputFormat�LQ�([DPSOH�����VKRZV�D�ZD\�RI�GRLQJ�WKLV�

([DPSOH������$Q�,QSXW)RUPDW�IRU�UHDGLQJ�D�ZKROH�ILOH�DV�D�UHFRUG

public class WholeFileInputFormat
    extends FileInputFormat<NullWritable, BytesWritable> {
  
  @Override
  protected boolean isSplitable(JobContext context, Path file) {
    return false;
  }

  @Override
  public RecordReader<NullWritable, BytesWritable> createRecordReader(
      InputSplit split, TaskAttemptContext context) throws IOException,
      InterruptedException {
    WholeFileRecordReader reader = new WholeFileRecordReader();
    reader.initialize(split, context);
    return reader;
  }
}

WholeFileInputFormat�GHILQHV�D�IRUPDW�ZKHUH�WKH�NH\V�DUH�QRW�XVHG��UHSUHVHQWHG�E\�
NullWritable��DQG�WKH�YDOXHV�DUH�WKH�ILOH�FRQWHQWV��UHSUHVHQWHG�E\�BytesWritable� LQ�
VWDQFHV��,W�GHILQHV�WZR�PHWKRGV��)LUVW��WKH�IRUPDW�LV�FDUHIXO�WR�VSHFLI\�WKDW�LQSXW�ILOHV
VKRXOG� QHYHU� EH� VSOLW�� E\� RYHUULGLQJ� isSplitable()� WR� UHWXUQ� false�� 6HFRQG�� ZH
LPSOHPHQW� createRecordReader()� WR� UHWXUQ� D� FXVWRP� LPSOHPHQWDWLRQ� RI� Record
Reader��ZKLFK�DSSHDUV�LQ�([DPSOH�����

([DPSOH������7KH�5HFRUG5HDGHU�XVHG�E\�:KROH)LOH,QSXW)RUPDW�IRU�UHDGLQJ�D�ZKROH�ILOH�DV�D�UHFRUG

class WholeFileRecordReader extends RecordReader<NullWritable, BytesWritable> {
  
  private FileSplit fileSplit;
  private Configuration conf;
  private BytesWritable value = new BytesWritable();
  private boolean processed = false;
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  @Override
  public void initialize(InputSplit split, TaskAttemptContext context)
      throws IOException, InterruptedException {
    this.fileSplit = (FileSplit) split;
    this.conf = context.getConfiguration();
  }
  
  @Override
  public boolean nextKeyValue() throws IOException, InterruptedException {
    if (!processed) {
      byte[] contents = new byte[(int) fileSplit.getLength()];
      Path file = fileSplit.getPath();
      FileSystem fs = file.getFileSystem(conf);
      FSDataInputStream in = null;
      try {
        in = fs.open(file);
        IOUtils.readFully(in, contents, 0, contents.length);
        value.set(contents, 0, contents.length);
      } finally {
        IOUtils.closeStream(in);
      }
      processed = true;
      return true;
    }
    return false;
  }
  
  @Override
  public NullWritable getCurrentKey() throws IOException, InterruptedException {
    return NullWritable.get();
  }

  @Override
  public BytesWritable getCurrentValue() throws IOException,
      InterruptedException {
    return value;
  }

  @Override
  public float getProgress() throws IOException {
    return processed ? 1.0f : 0.0f;
  }

  @Override
  public void close() throws IOException {
    // do nothing
  }
}

WholeFileRecordReader�LV�UHVSRQVLEOH�IRU�WDNLQJ�D�FileSplit�DQG�FRQYHUWLQJ�LW�LQWR�D
VLQJOH�UHFRUG��ZLWK�D�QXOO�NH\�DQG�D�YDOXH�FRQWDLQLQJ�WKH�E\WHV�RI�WKH�ILOH��%HFDXVH�WKHUH
LV�RQO\�D�VLQJOH�UHFRUG��WholeFileRecordReader�KDV�HLWKHU�SURFHVVHG�LW�RU�QRW��VR�LW�PDLQ�
WDLQV�D�%RROHDQ�FDOOHG�processed��,I�WKH�ILOH�KDV�QRW�EHHQ�SURFHVVHG�ZKHQ�WKH�nextKey
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Value()�PHWKRG�LV�FDOOHG��WKHQ�ZH�RSHQ�WKH�ILOH��FUHDWH�D�E\WH�DUUD\�ZKRVH�OHQJWK�LV�WKH
OHQJWK�RI�WKH�ILOH��DQG�XVH�WKH�+DGRRS�IOUtils�FODVV�WR�VOXUS�WKH�ILOH�LQWR�WKH�E\WH�DUUD\�
7KHQ�ZH�VHW�WKH�DUUD\�RQ�WKH�BytesWritable�LQVWDQFH�WKDW�ZDV�SDVVHG�LQWR�WKH�next()
PHWKRG��DQG�UHWXUQ�true�WR�VLJQDO�WKDW�D�UHFRUG�KDV�EHHQ�UHDG�

7KH�RWKHU�PHWKRGV�DUH�VWUDLJKWIRUZDUG�ERRNNHHSLQJ�PHWKRGV�IRU�DFFHVVLQJ�WKH�FXUUHQW
NH\�DQG�YDOXH�W\SHV��JHWWLQJ�WKH�SURJUHVV�RI�WKH�UHDGHU��DQG�D�close()�PHWKRG��ZKLFK
LV�LQYRNHG�E\�WKH�0DS5HGXFH�IUDPHZRUN�ZKHQ�WKH�UHDGHU�LV�GRQH�

7R�GHPRQVWUDWH�KRZ�WholeFileInputFormat�FDQ�EH�XVHG��FRQVLGHU�D�0DS5HGXFH�MRE�IRU
SDFNDJLQJ�VPDOO�ILOHV�LQWR�VHTXHQFH�ILOHV��ZKHUH�WKH�NH\�LV�WKH�RULJLQDO�ILOHQDPH�DQG�WKH
YDOXH�LV�WKH�FRQWHQW�RI�WKH�ILOH��7KH�OLVWLQJ�LV�LQ�([DPSOH�����

([DPSOH������$�0DS5HGXFH�SURJUDP�IRU�SDFNDJLQJ�D�FROOHFWLRQ�RI�VPDOO�ILOHV�DV�D�VLQJOH�6HTXHQFH)LOH

public class SmallFilesToSequenceFileConverter extends Configured
    implements Tool {
  
  static class SequenceFileMapper
      extends Mapper<NullWritable, BytesWritable, Text, BytesWritable> {
    
    private Text filenameKey;
    
    @Override
    protected void setup(Context context) throws IOException,
        InterruptedException {
      InputSplit split = context.getInputSplit();
      Path path = ((FileSplit) split).getPath();
      filenameKey = new Text(path.toString());
    }
    
    @Override
    protected void map(NullWritable key, BytesWritable value, Context context)
        throws IOException, InterruptedException {
      context.write(filenameKey, value);
    }
    
  }

  @Override
  public int run(String[] args) throws Exception {
    Job job = JobBuilder.parseInputAndOutput(this, getConf(), args);
    if (job == null) {
      return -1;
    }
    
    job.setInputFormatClass(WholeFileInputFormat.class);
    job.setOutputFormatClass(SequenceFileOutputFormat.class);
    
    job.setOutputKeyClass(Text.class);
    job.setOutputValueClass(BytesWritable.class);

    job.setMapperClass(SequenceFileMapper.class);
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    return job.waitForCompletion(true) ? 0 : 1;
  }
  
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(new SmallFilesToSequenceFileConverter(), args);
    System.exit(exitCode);
  }
}

%HFDXVH�WKH�LQSXW�IRUPDW�LV�D�WholeFileInputFormat��WKH�PDSSHU�RQO\�KDV�WR�ILQG�WKH
ILOHQDPH�IRU�WKH�LQSXW�ILOH�VSOLW��,W�GRHV�WKLV�E\�FDVWLQJ�WKH�InputSplit�IURP�WKH�FRQWH[W
WR�D�FileSplit��ZKLFK�KDV�D�PHWKRG�WR�UHWULHYH�WKH�ILOH�SDWK��7KH�SDWK�LV�VWRUHG�LQ�D�
Text�REMHFW�IRU�WKH�NH\��7KH�UHGXFHU�LV�WKH�LGHQWLW\��QRW�H[SOLFLWO\�VHW���DQG�WKH�RXWSXW
IRUPDW�LV�D�SequenceFileOutputFormat�

+HUH¦V�D�UXQ�RQ�D�IHZ�VPDOO�ILOHV��:H¦YH�FKRVHQ�WR�XVH�WZR�UHGXFHUV��VR�ZH�JHW�WZR
RXWSXW�VHTXHQFH�ILOHV�

% hadoop jar hadoop-examples.jar SmallFilesToSequenceFileConverter \
  -conf conf/hadoop-localhost.xml -D mapred.reduce.tasks=2 input/smallfiles output

7ZR�SDUW�ILOHV�DUH�FUHDWHG��HDFK�RI�ZKLFK�LV�D�VHTXHQFH�ILOH��:H�FDQ�LQVSHFW�WKHVH�ZLWK
WKH�-text�RSWLRQ�WR�WKH�ILOHV\VWHP�VKHOO�

% hadoop fs -conf conf/hadoop-localhost.xml -text output/part-r-00000
hdfs://localhost/user/tom/input/smallfiles/a    61 61 61 61 61 61 61 61 61 61
hdfs://localhost/user/tom/input/smallfiles/c    63 63 63 63 63 63 63 63 63 63
hdfs://localhost/user/tom/input/smallfiles/e    
% hadoop fs -conf conf/hadoop-localhost.xml -text output/part-r-00001
hdfs://localhost/user/tom/input/smallfiles/b    62 62 62 62 62 62 62 62 62 62
hdfs://localhost/user/tom/input/smallfiles/d    64 64 64 64 64 64 64 64 64 64
hdfs://localhost/user/tom/input/smallfiles/f    66 66 66 66 66 66 66 66 66 66

7KH�LQSXW�ILOHV�ZHUH�QDPHG�D��E��F��G��H��DQG�I��DQG�HDFK�FRQWDLQHG����FKDUDFWHUV�RI�WKH
FRUUHVSRQGLQJ�OHWWHU��VR��IRU�H[DPSOH��D�FRQWDLQHG����£D¤�FKDUDFWHUV���H[FHSW�H��ZKLFK
ZDV�HPSW\��:H�FDQ�VHH�WKLV�LQ�WKH�WH[WXDO�UHQGHULQJ�RI�WKH�VHTXHQFH�ILOHV��ZKLFK�SULQWV
WKH�ILOHQDPH�IROORZHG�E\�WKH�KH[�UHSUHVHQWDWLRQ�RI�WKH�ILOH�

7KHUH¦V�DW�OHDVW�RQH�ZD\�ZH�FRXOG�LPSURYH�WKLV�SURJUDP��$V�PHQWLRQHG�HDUOLHU��KDYLQJ
RQH�PDSSHU�SHU� ILOH� LV� LQHIILFLHQW�� VR� VXEFODVVLQJ�CombineFileInputFormat� LQVWHDG�RI
FileInputFormat�ZRXOG�EH�D�EHWWHU�DSSURDFK��$OVR��IRU�D�UHODWHG�WHFKQLTXH�RI�SDFNLQJ
ILOHV�LQWR�D�+DGRRS�$UFKLYH�UDWKHU�WKDQ�D�VHTXHQFH�ILOH��VHH�WKH�VHFWLRQ�£+DGRRS�$U�
FKLYHV¤�RQ�SDJH����

Text Input
+DGRRS�H[FHOV�DW�SURFHVVLQJ�XQVWUXFWXUHG�WH[W��,Q�WKLV�VHFWLRQ��ZH�GLVFXVV�WKH�GLIIHUHQW
InputFormatV�WKDW�+DGRRS�SURYLGHV�WR�SURFHVV�WH[W�
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TextInputFormat
TextInputFormat�LV�WKH�GHIDXOW�InputFormat��(DFK�UHFRUG�LV�D�OLQH�RI�LQSXW��7KH�NH\��D�
LongWritable��LV�WKH�E\WH�RIIVHW�ZLWKLQ�WKH�ILOH�RI�WKH�EHJLQQLQJ�RI�WKH�OLQH��7KH�YDOXH�LV
WKH�FRQWHQWV�RI�WKH�OLQH��H[FOXGLQJ�DQ\�OLQH�WHUPLQDWRUV��H�J���QHZOLQH�RU�FDUULDJH�UHWXUQ��
DQG�LV�SDFNDJHG�DV�D�Text�REMHFW��6R�D�ILOH�FRQWDLQLQJ�WKH�IROORZLQJ�WH[W�

On the top of the Crumpetty Tree
The Quangle Wangle sat,
But his face you could not see,
On account of his Beaver Hat.

LV�GLYLGHG�LQWR�RQH�VSOLW�RI�IRXU�UHFRUGV��7KH�UHFRUGV�DUH�LQWHUSUHWHG�DV�WKH�IROORZLQJ
NH\�YDOXH�SDLUV�

(0, On the top of the Crumpetty Tree)
(33, The Quangle Wangle sat,)
(57, But his face you could not see,)
(89, On account of his Beaver Hat.)

&OHDUO\��WKH�NH\V�DUH�QRW�OLQH�QXPEHUV��7KLV�ZRXOG�EH�LPSRVVLEOH�WR�LPSOHPHQW�LQ�JHQ�
HUDO��LQ�WKDW�D�ILOH�LV�EURNHQ�LQWR�VSOLWV�DW�E\WH��QRW�OLQH��ERXQGDULHV��6SOLWV�DUH�SURFHVVHG
LQGHSHQGHQWO\��/LQH�QXPEHUV�DUH�UHDOO\�D�VHTXHQWLDO�QRWLRQ��<RX�KDYH�WR�NHHS�D�FRXQW
RI�OLQHV�DV�\RX�FRQVXPH�WKHP��VR�NQRZLQJ�WKH�OLQH�QXPEHU�ZLWKLQ�D�VSOLW�ZRXOG�EH
SRVVLEOH��EXW�QRW�ZLWKLQ�WKH�ILOH�

+RZHYHU��WKH�RIIVHW�ZLWKLQ�WKH�ILOH�RI�HDFK�OLQH�LV�NQRZQ�E\�HDFK�VSOLW�LQGHSHQGHQWO\�RI
WKH�RWKHU�VSOLWV��VLQFH�HDFK�VSOLW�NQRZV�WKH�VL]H�RI�WKH�SUHFHGLQJ�VSOLWV�DQG�MXVW�DGGV�WKLV
RQWR�WKH�RIIVHWV�ZLWKLQ�WKH�VSOLW�WR�SURGXFH�D�JOREDO�ILOH�RIIVHW��7KH�RIIVHW� LV�XVXDOO\
VXIILFLHQW�IRU�DSSOLFDWLRQV�WKDW�QHHG�D�XQLTXH�LGHQWLILHU�IRU�HDFK�OLQH��&RPELQHG�ZLWK
WKH�ILOH¦V�QDPH��LW�LV�XQLTXH�ZLWKLQ�WKH�ILOHV\VWHP��2I�FRXUVH��LI�DOO�WKH�OLQHV�DUH�D�IL[HG
ZLGWK��FDOFXODWLQJ�WKH�OLQH�QXPEHU�LV�VLPSO\�D�PDWWHU�RI�GLYLGLQJ�WKH�RIIVHW�E\�WKH�ZLGWK�

The Relationship Between Input Splits and HDFS Blocks
7KH�ORJLFDO�UHFRUGV�WKDW�FileInputFormatV�GHILQH�XVXDOO\�GR�QRW�ILW�QHDWO\�LQWR�+')6
EORFNV��)RU�H[DPSOH��D�TextInputFormat¦V� ORJLFDO� UHFRUGV�DUH� OLQHV��ZKLFK�ZLOO� FURVV
+')6�ERXQGDULHV�PRUH�RIWHQ�WKDQ�QRW��7KLV�KDV�QR�EHDULQJ�RQ�WKH�IXQFWLRQLQJ�RI�\RXU
SURJUDP¢OLQHV�DUH�QRW�PLVVHG�RU�EURNHQ��IRU�H[DPSOH¢EXW�LW¦V�ZRUWK�NQRZLQJ�DERXW
EHFDXVH�LW�GRHV�PHDQ�WKDW�GDWD�ORFDO�PDSV��WKDW�LV��PDSV�WKDW�DUH�UXQQLQJ�RQ�WKH�VDPH
KRVW�DV�WKHLU�LQSXW�GDWD��ZLOO�SHUIRUP�VRPH�UHPRWH�UHDGV��7KH�VOLJKW�RYHUKHDG�WKLV�FDXVHV
LV�QRW�QRUPDOO\�VLJQLILFDQW�

)LJXUH�����VKRZV�DQ�H[DPSOH��$�VLQJOH�ILOH�LV�EURNHQ�LQWR�OLQHV��DQG�WKH�OLQH�ERXQGDULHV
GR�QRW�FRUUHVSRQG�ZLWK�WKH�+')6�EORFN�ERXQGDULHV��6SOLWV�KRQRU�ORJLFDO�UHFRUG�ERXQG�
DULHV��LQ�WKLV�FDVH�OLQHV��VR�ZH�VHH�WKDW�WKH�ILUVW�VSOLW�FRQWDLQV�OLQH����HYHQ�WKRXJK�LW�VSDQV
WKH�ILUVW�DQG�VHFRQG�EORFN��7KH�VHFRQG�VSOLW�VWDUWV�DW�OLQH���
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)LJXUH������/RJLFDO�UHFRUGV�DQG�+')6�EORFNV�IRU�7H[W,QSXW)RUPDW

KeyValueTextInputFormat
TextInputFormat¦V�NH\V��EHLQJ�VLPSO\�WKH�RIIVHW�ZLWKLQ�WKH�ILOH��DUH�QRW�QRUPDOO\�YHU\
XVHIXO��,W�LV�FRPPRQ�IRU�HDFK�OLQH�LQ�D�ILOH�WR�EH�D�NH\�YDOXH�SDLU��VHSDUDWHG�E\�D�GHOLPLWHU
VXFK�DV�D�WDE�FKDUDFWHU��)RU�H[DPSOH��WKLV� LV�WKH�RXWSXW�SURGXFHG�E\�TextOutputFor
mat��+DGRRS¦V�GHIDXOW�OutputFormat��7R�LQWHUSUHW�VXFK�ILOHV�FRUUHFWO\��KeyValueTextIn
putFormat�LV�DSSURSULDWH�

<RX� FDQ� VSHFLI\� WKH� VHSDUDWRU� YLD� WKH� mapreduce.input.keyvaluelinere
cordreader.key.value.separator�SURSHUW\��RU�key.value.separator.in.input.line� LQ
WKH�ROG�$3,���,W�LV�D�WDE�FKDUDFWHU�E\�GHIDXOW��&RQVLGHU�WKH�IROORZLQJ�LQSXW�ILOH��ZKHUH
ൺ�UHSUHVHQWV�D��KRUL]RQWDO��WDE�FKDUDFWHU�

line1→On the top of the Crumpetty Tree
line2→The Quangle Wangle sat,
line3→But his face you could not see,
line4→On account of his Beaver Hat.

/LNH�LQ�WKH�TextInputFormat�FDVH��WKH�LQSXW�LV�LQ�D�VLQJOH�VSOLW�FRPSULVLQJ�IRXU�UHFRUGV�
DOWKRXJK�WKLV�WLPH�WKH�NH\V�DUH�WKH�Text�VHTXHQFHV�EHIRUH�WKH�WDE�LQ�HDFK�OLQH�

(line1, On the top of the Crumpetty Tree)
(line2, The Quangle Wangle sat,)
(line3, But his face you could not see,)
(line4, On account of his Beaver Hat.)

NLineInputFormat
:LWK�TextInputFormat�DQG�KeyValueTextInputFormat��HDFK�PDSSHU�UHFHLYHV�D�YDULDEOH
QXPEHU�RI�OLQHV�RI�LQSXW��7KH�QXPEHU�GHSHQGV�RQ�WKH�VL]H�RI�WKH�VSOLW�DQG�WKH�OHQJWK
RI�WKH�OLQHV��,I�\RX�ZDQW�\RXU�PDSSHUV�WR�UHFHLYH�D�IL[HG�QXPEHU�RI�OLQHV�RI�LQSXW��WKHQ�
NLineInputFormat�LV�WKH�InputFormat�WR�XVH��/LNH�TextInputFormat��WKH�NH\V�DUH�WKH�E\WH
RIIVHWV�ZLWKLQ�WKH�ILOH�DQG�WKH�YDOXHV�DUH�WKH�OLQHV�WKHPVHOYHV�

1� UHIHUV� WR� WKH�QXPEHU�RI� OLQHV�RI� LQSXW� WKDW� HDFK�PDSSHU� UHFHLYHV��:LWK�1� VHW� WR
RQH� �WKH� GHIDXOW��� HDFK� PDSSHU� UHFHLYHV� H[DFWO\� RQH� OLQH� RI� LQSXW�� 7KH�
mapreduce.input.lineinputformat.linespermap� SURSHUW\� �WKH� mapred.line.input.for
mat.linespermap�SURSHUW\�LQ�WKH�ROG�$3,��FRQWUROV�WKH�YDOXH�RI�1��%\�ZD\�RI�H[DPSOH�
FRQVLGHU�WKHVH�IRXU�OLQHV�DJDLQ�
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On the top of the Crumpetty Tree
The Quangle Wangle sat,
But his face you could not see,
On account of his Beaver Hat.

,I��IRU�H[DPSOH��1�LV�WZR��WKHQ�HDFK�VSOLW�FRQWDLQV�WZR�OLQHV��2QH�PDSSHU�ZLOO�UHFHLYH
WKH�ILUVW�WZR�NH\�YDOXH�SDLUV�

(0, On the top of the Crumpetty Tree)
(33, The Quangle Wangle sat,)

$QG�DQRWKHU�PDSSHU�ZLOO�UHFHLYH�WKH�VHFRQG�WZR�NH\�YDOXH�SDLUV�

(57, But his face you could not see,)
(89, On account of his Beaver Hat.)

7KH�NH\V�DQG�YDOXHV�DUH�WKH�VDPH�DV�WKRVH�WKDW�TextInputFormat�SURGXFHV��7KH�GLIIHU�
HQFH�LV�LQ�WKH�ZD\�WKH�VSOLWV�DUH�FRQVWUXFWHG�

8VXDOO\��KDYLQJ�D�PDS�WDVN�IRU�D�VPDOO�QXPEHU�RI�OLQHV�RI�LQSXW�LV�LQHIILFLHQW��GXH�WR�WKH
RYHUKHDG�LQ�WDVN�VHWXS���EXW�WKHUH�DUH�DSSOLFDWLRQV�WKDW�WDNH�D�VPDOO�DPRXQW�RI�LQSXW
GDWD�DQG�UXQ�DQ�H[WHQVLYH��WKDW�LV��&38�LQWHQVLYH��FRPSXWDWLRQ�IRU�LW��WKHQ�HPLW�WKHLU
RXWSXW��6LPXODWLRQV�DUH�D�JRRG�H[DPSOH��%\�FUHDWLQJ�DQ�LQSXW�ILOH�WKDW�VSHFLILHV�LQSXW
SDUDPHWHUV��RQH�SHU�OLQH��\RX�FDQ�SHUIRUP�D�SDUDPHWHU�VZHHS��UXQ�D�VHW�RI�VLPXODWLRQV
LQ�SDUDOOHO�WR�ILQG�KRZ�D�PRGHO�YDULHV�DV�WKH�SDUDPHWHU�FKDQJHV�

,I�\RX�KDYH�ORQJ�UXQQLQJ�VLPXODWLRQV��\RX�PD\�IDOO�DIRXO�RI�WDVN�WLPH�
RXWV��:KHQ�D�WDVN�GRHVQ¦W�UHSRUW�SURJUHVV�IRU�PRUH�WKDQ����PLQXWHV�
WKH�WDVNWUDFNHU�DVVXPHV�LW�KDV�IDLOHG�DQG�DERUWV�WKH�SURFHVV��VHH�£7DVN
IDLOXUH¤�RQ�SDJH������

7KH�EHVW�ZD\�WR�JXDUG�DJDLQVW�WKLV�LV�WR�UHSRUW�SURJUHVV�SHULRGLFDOO\��E\
ZULWLQJ�D�VWDWXV�PHVVDJH�RU�LQFUHPHQWLQJ�D�FRXQWHU��IRU�H[DPSOH��6HH
£:KDW�&RQVWLWXWHV�3URJUHVV�LQ�0DS5HGXFH"¤�RQ�SDJH�����

$QRWKHU� H[DPSOH� LV� XVLQJ� +DGRRS� WR� ERRWVWUDS� GDWD� ORDGLQJ� IURP� PXOWLSOH� GDWD
VRXUFHV��VXFK�DV�GDWDEDVHV��<RX�FUHDWH�D�£VHHG¤�LQSXW�ILOH�WKDW�OLVWV�WKH�GDWD�VRXUFHV�
RQH�SHU�OLQH��7KHQ�HDFK�PDSSHU�LV�DOORFDWHG�D�VLQJOH�GDWD�VRXUFH��DQG�LW�ORDGV�WKH�GDWD
IURP�WKDW�VRXUFH�LQWR�+')6��7KH�MRE�GRHVQ¦W�QHHG�WKH�UHGXFH�SKDVH��VR�WKH�QXPEHU�RI
UHGXFHUV�VKRXOG�EH�VHW�WR�]HUR��E\�FDOOLQJ�setNumReduceTasks()�RQ�Job���)XUWKHUPRUH�
0DS5HGXFH�MREV�FDQ�EH�UXQ�WR�SURFHVV�WKH�GDWD�ORDGHG�LQWR�+')6��6HH�$SSHQGL[�&�IRU
DQ�H[DPSOH�

XML
0RVW�;0/�SDUVHUV�RSHUDWH�RQ�ZKROH�;0/�GRFXPHQWV��VR�LI�D�ODUJH�;0/�GRFXPHQW�LV
PDGH�XS�RI�PXOWLSOH�LQSXW�VSOLWV��LW�LV�D�FKDOOHQJH�WR�SDUVH�WKHVH�LQGLYLGXDOO\��2I�FRXUVH�
\RX�FDQ�SURFHVV�WKH�HQWLUH�;0/�GRFXPHQW�LQ�RQH�PDSSHU��LI�LW�LV�QRW�WRR�ODUJH��XVLQJ
WKH�WHFKQLTXH�LQ�£3URFHVVLQJ�D�ZKROH�ILOH�DV�D�UHFRUG¤�RQ�SDJH�����
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/DUJH�;0/�GRFXPHQWV�WKDW�DUH�FRPSRVHG�RI�D�VHULHV�RI�£UHFRUGV¤��;0/�GRFXPHQW
IUDJPHQWV��FDQ�EH�EURNHQ�LQWR�WKHVH�UHFRUGV�XVLQJ�VLPSOH�VWULQJ�RU�UHJXODU�H[SUHVVLRQ
PDWFKLQJ�WR�ILQG�WKH�VWDUW�DQG�HQG�WDJV�RI�UHFRUGV��7KLV�DOOHYLDWHV�WKH�SUREOHP�ZKHQ
WKH�GRFXPHQW�LV�VSOLW�E\�WKH�IUDPHZRUN�EHFDXVH�WKH�QH[W�VWDUW�WDJ�RI�D�UHFRUG�LV�HDV\�WR
ILQG�E\�VLPSO\�VFDQQLQJ�IURP�WKH�VWDUW�RI�WKH�VSOLW��MXVW�OLNH�TextInputFormat�ILQGV�QHZ�
OLQH�ERXQGDULHV�

+DGRRS�FRPHV�ZLWK�D�FODVV�IRU�WKLV�SXUSRVH�FDOOHG�StreamXmlRecordReader��ZKLFK�LV�LQ
WKH�org.apache.hadoop.streaming�SDFNDJH��DOWKRXJK�LW�FDQ�EH�XVHG�RXWVLGH�RI�6WUHDP�
LQJ���<RX�FDQ�XVH�LW�E\�VHWWLQJ�\RXU�LQSXW�IRUPDW�WR�StreamInputFormat�DQG�VHWWLQJ�WKH
stream.recordreader.class� SURSHUW\� WR� org.apache.hadoop.streaming.StreamXml
RecordReader��7KH�UHDGHU�LV�FRQILJXUHG�E\�VHWWLQJ�MRE�FRQILJXUDWLRQ�SURSHUWLHV�WR�WHOO�LW
WKH�SDWWHUQV�IRU�WKH�VWDUW�DQG�HQG�WDJV��VHH�WKH�FODVV�GRFXPHQWDWLRQ�IRU�GHWDLOV���

7R�WDNH�DQ�H[DPSOH��:LNLSHGLD�SURYLGHV�GXPSV�RI�LWV�FRQWHQW�LQ�;0/�IRUP��ZKLFK�DUH
DSSURSULDWH�IRU�SURFHVVLQJ�LQ�SDUDOOHO�ZLWK�0DS5HGXFH�XVLQJ�WKLV�DSSURDFK��7KH�GDWD
LV�FRQWDLQHG�LQ�RQH�ODUJH�;0/�ZUDSSHU�GRFXPHQW��ZKLFK�FRQWDLQV�D�VHULHV�RI�HOHPHQWV�
VXFK�DV�page�HOHPHQWV�WKDW�FRQWDLQ�D�SDJH¦V�FRQWHQW�DQG�DVVRFLDWHG�PHWDGDWD��8VLQJ�
StreamXmlRecordReader��WKH�page�HOHPHQWV�FDQ�EH�LQWHUSUHWHG�DV�UHFRUGV�IRU�SURFHVVLQJ
E\�D�PDSSHU�

Binary Input
+DGRRS�0DS5HGXFH� LV�QRW� UHVWULFWHG� WR�SURFHVVLQJ� WH[WXDO�GDWD�� ,W�KDV� VXSSRUW� IRU
ELQDU\�IRUPDWV��WRR�

SequenceFileInputFormat
+DGRRS¦V�VHTXHQFH�ILOH�IRUPDW�VWRUHV�VHTXHQFHV�RI�ELQDU\�NH\�YDOXH�SDLUV��6HTXHQFH
ILOHV�DUH�ZHOO�VXLWHG�DV�D�IRUPDW�IRU�0DS5HGXFH�GDWD�EHFDXVH�WKH\�DUH�VSOLWWDEOH��WKH\
KDYH�V\QF�SRLQWV�VR�WKDW�UHDGHUV�FDQ�V\QFKURQL]H�ZLWK�UHFRUG�ERXQGDULHV�IURP�DQ�DU�
ELWUDU\�SRLQW�LQ�WKH�ILOH��VXFK�DV�WKH�VWDUW�RI�D�VSOLW���WKH\�VXSSRUW�FRPSUHVVLRQ�DV�D�SDUW
RI�WKH�IRUPDW��DQG�WKH\�FDQ�VWRUH�DUELWUDU\�W\SHV�XVLQJ�D�YDULHW\�RI�VHULDOL]DWLRQ�IUDPH�
ZRUNV���7KHVH�WRSLFV�DUH�FRYHUHG�LQ�£6HTXHQFH)LOH¤�RQ�SDJH������

7R�XVH�GDWD�IURP�VHTXHQFH�ILOHV�DV�WKH�LQSXW�WR�0DS5HGXFH��\RX�XVH�SequenceFileIn
putFormat��7KH�NH\V�DQG�YDOXHV�DUH�GHWHUPLQHG�E\�WKH�VHTXHQFH�ILOH��DQG�\RX�QHHG�WR
PDNH�VXUH�WKDW�\RXU�PDS�LQSXW�W\SHV�FRUUHVSRQG��)RU�H[DPSOH��LI�\RXU�VHTXHQFH�ILOH
KDV�IntWritable�NH\V�DQG�Text�YDOXHV��OLNH�WKH�RQH�FUHDWHG�LQ�&KDSWHU����WKHQ�WKH�PDS
VLJQDWXUH�ZRXOG�EH�Mapper<IntWritable, Text, K, V>��ZKHUH�K�DQG�V�DUH�WKH�W\SHV�RI
WKH�PDS¦V�RXWSXW�NH\V�DQG�YDOXHV�

�� 6HH�0DKRXW¦V�XmlInputFormat� �DYDLODEOH� IURP�KWWS���PDKRXW�DSDFKH�RUJ��� IRU� DQ� LPSURYHG�;0/� LQSXW
IRUPDW�
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$OWKRXJK�LWV�QDPH�GRHVQ¦W�JLYH�LW�DZD\��SequenceFileInputFormat�FDQ
UHDG�0DS)LOHV�DV�ZHOO�DV�VHTXHQFH�ILOHV��,I�LW�ILQGV�D�GLUHFWRU\�ZKHUH�LW
ZDV�H[SHFWLQJ�D�VHTXHQFH�ILOH��SequenceFileInputFormat�DVVXPHV�WKDW�LW
LV� UHDGLQJ� D�0DS)LOH� DQG� XVHV� LWV� GDWDILOH�� 7KLV� LV� ZK\� WKHUH� LV� QR�
MapFileInputFormat�FODVV�

SequenceFileAsTextInputFormat
SequenceFileAsTextInputFormat�LV�D�YDULDQW�RI�SequenceFileInputFormat�WKDW�FRQYHUWV
WKH�VHTXHQFH�ILOH¦V�NH\V�DQG�YDOXHV�WR�Text�REMHFWV��7KH�FRQYHUVLRQ�LV�SHUIRUPHG�E\
FDOOLQJ�toString()�RQ�WKH�NH\V�DQG�YDOXHV��7KLV�IRUPDW�PDNHV�VHTXHQFH�ILOHV�VXLWDEOH
LQSXW�IRU�6WUHDPLQJ�

SequenceFileAsBinaryInputFormat
SequenceFileAsBinaryInputFormat�LV�D�YDULDQW�RI�SequenceFileInputFormat�WKDW�UHWULHYHV
WKH�VHTXHQFH�ILOH¦V�NH\V�DQG�YDOXHV�DV�RSDTXH�ELQDU\�REMHFWV��7KH\�DUH�HQFDSVXODWHG�DV�
BytesWritable�REMHFWV��DQG�WKH�DSSOLFDWLRQ�LV�IUHH�WR�LQWHUSUHW�WKH�XQGHUO\LQJ�E\WH�DUUD\
DV� LW� SOHDVHV�� &RPELQHG� ZLWK� D� SURFHVV� WKDW� FUHDWHV� VHTXHQFH� ILOHV� ZLWK� Sequence
File.Writer¦V�appendRaw()�PHWKRG�RU�SequenceFileAsBinaryOutputFormat��WKLV�SURYLGHV
D�ZD\�WR�XVH�DQ\�ELQDU\�GDWD�W\SHV�ZLWK�0DS5HGXFH��SDFNDJHG�DV�D�VHTXHQFH�ILOH��
DOWKRXJK�SOXJJLQJ�LQWR�+DGRRS¦V�VHULDOL]DWLRQ�PHFKDQLVP�LV�QRUPDOO\�D�FOHDQHU�DOWHU�
QDWLYH��VHH�£6HULDOL]DWLRQ�)UDPHZRUNV¤�RQ�SDJH������

Multiple Inputs
$OWKRXJK�WKH�LQSXW�WR�D�0DS5HGXFH�MRE�PD\�FRQVLVW�RI�PXOWLSOH�LQSXW�ILOHV��FRQVWUXFWHG
E\�D�FRPELQDWLRQ�RI�ILOH�JOREV��ILOWHUV��DQG�SODLQ�SDWKV���DOO�RI�WKH�LQSXW�LV�LQWHUSUHWHG
E\�D�VLQJOH�InputFormat�DQG�D�VLQJOH�Mapper��:KDW�RIWHQ�KDSSHQV��KRZHYHU��LV�WKDW�WKH
GDWD�IRUPDW�HYROYHV�RYHU�WLPH��VR�\RX�KDYH�WR�ZULWH�\RXU�PDSSHU�WR�FRSH�ZLWK�DOO�RI
\RXU�OHJDF\�IRUPDWV��2U�\RX�KDYH�GDWD�VRXUFHV�WKDW�SURYLGH�WKH�VDPH�W\SH�RI�GDWD�EXW
LQ�GLIIHUHQW�IRUPDWV��7KLV�DULVHV�LQ�WKH�FDVH�RI�SHUIRUPLQJ�MRLQV�RI�GLIIHUHQW�GDWDVHWV��VHH
£5HGXFH�6LGH�-RLQV¤�RQ�SDJH������)RU�LQVWDQFH��RQH�PLJKW�EH�WDE�VHSDUDWHG�SODLQ�WH[W�
DQG�WKH�RWKHU�D�ELQDU\�VHTXHQFH�ILOH��(YHQ�LI�WKH\�DUH�LQ�WKH�VDPH�IRUPDW��WKH\�PD\�KDYH
GLIIHUHQW�UHSUHVHQWDWLRQV�DQG��WKHUHIRUH��QHHG�WR�EH�SDUVHG�GLIIHUHQWO\�

7KHVH�FDVHV�DUH�KDQGOHG�HOHJDQWO\�E\�XVLQJ�WKH�MultipleInputs�FODVV��ZKLFK�DOORZV�\RX
WR�VSHFLI\�ZKLFK�InputFormat�DQG�Mapper�WR�XVH�RQ�D�SHU�SDWK�EDVLV��)RU�H[DPSOH��LI�ZH
KDG�ZHDWKHU�GDWD�IURP�WKH�8.�0HW�2IILFH��WKDW�ZH�ZDQWHG�WR�FRPELQH�ZLWK�WKH�1&'&
GDWD�IRU�RXU�PD[LPXP�WHPSHUDWXUH�DQDO\VLV��ZH�PLJKW�VHW�XS�WKH�LQSXW�DV�IROORZV�

�� 0HW�2IILFH�GDWD�LV�JHQHUDOO\�DYDLODEOH�RQO\�WR�WKH�UHVHDUFK�DQG�DFDGHPLF�FRPPXQLW\��+RZHYHU��WKHUH�LV�D
VPDOO� DPRXQW� RI� PRQWKO\� ZHDWKHU� VWDWLRQ� GDWD� DYDLODEOH� DW� KWWS���ZZZ�PHWRIILFH�JRY�XN�FOLPDWH�XN�
VWDWLRQGDWD��
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    MultipleInputs.addInputPath(job, ncdcInputPath,
        TextInputFormat.class, MaxTemperatureMapper.class);
    MultipleInputs.addInputPath(job, metOfficeInputPath,
        TextInputFormat.class, MetOfficeMaxTemperatureMapper.class);

7KLV�FRGH�UHSODFHV�WKH�XVXDO�FDOOV�WR�FileInputFormat.addInputPath()�DQG�job.setMap
perClass()��%RWK�WKH�0HW�2IILFH�DQG�1&'&�GDWD�LV�WH[W�EDVHG��VR�ZH�XVH�TextInput
Format�IRU�HDFK��%XW�WKH�OLQH�IRUPDW�RI�WKH�WZR�GDWD�VRXUFHV�LV�GLIIHUHQW��VR�ZH�XVH�WZR
GLIIHUHQW�PDSSHUV��7KH�MaxTemperatureMapper�UHDGV�1&'&�LQSXW�GDWD�DQG�H[WUDFWV�WKH
\HDU�DQG�WHPSHUDWXUH�ILHOGV��7KH�MetOfficeMaxTemperatureMapper�UHDGV�0HW�2IILFH�LQ�
SXW�GDWD�DQG�H[WUDFWV�WKH�\HDU�DQG�WHPSHUDWXUH�ILHOGV��7KH�LPSRUWDQW�WKLQJ�LV�WKDW�WKH
PDS�RXWSXWV�KDYH�WKH�VDPH�W\SHV��VLQFH�WKH�UHGXFHUV��ZKLFK�DUH�DOO�RI�WKH�VDPH�W\SH�
VHH�WKH�DJJUHJDWHG�PDS�RXWSXWV�DQG�DUH�QRW�DZDUH�RI�WKH�GLIIHUHQW�PDSSHUV�XVHG�WR
SURGXFH�WKHP�

7KH�MultipleInputs�FODVV�KDV�DQ�RYHUORDGHG�YHUVLRQ�RI�addInputPath()�WKDW�GRHVQ¦W�WDNH
D�PDSSHU�

public static void addInputPath(Job job, Path path,
                                Class<? extends InputFormat> inputFormatClass)

7KLV�LV�XVHIXO�ZKHQ�\RX�RQO\�KDYH�RQH�PDSSHU��VHW�XVLQJ�WKH�Job¦V�setMapperClass()
PHWKRG��EXW�PXOWLSOH�LQSXW�IRUPDWV�

Database Input (and Output)
DBInputFormat� LV�DQ� LQSXW� IRUPDW� IRU� UHDGLQJ�GDWD� IURP�D�UHODWLRQDO�GDWDEDVH��XVLQJ
-'%&��%HFDXVH�LW�GRHVQ¦W�KDYH�DQ\�VKDUGLQJ�FDSDELOLWLHV��\RX�QHHG�WR�EH�FDUHIXO�QRW�WR
RYHUZKHOP�WKH�GDWDEDVH�IURP�ZKLFK�\RX�DUH�UHDGLQJ�E\�UXQQLQJ�WRR�PDQ\�PDSSHUV�
)RU�WKLV�UHDVRQ��LW�LV�EHVW�XVHG�IRU�ORDGLQJ�UHODWLYHO\�VPDOO�GDWDVHWV��SHUKDSV�IRU�MRLQLQJ
ZLWK�ODUJHU�GDWDVHWV�IURP�+')6�XVLQJ�MultipleInputs��7KH�FRUUHVSRQGLQJ�RXWSXW�IRU�
PDW�LV�DBOutputFormat��ZKLFK�LV�XVHIXO�IRU�GXPSLQJ�MRE�RXWSXWV��RI�PRGHVW�VL]H��LQWR�D
GDWDEDVH��

)RU�DQ�DOWHUQDWLYH�ZD\�RI�PRYLQJ�GDWD�EHWZHHQ�UHODWLRQDO�GDWDEDVHV�DQG�+')6��FRQVLGHU
XVLQJ�6TRRS��ZKLFK�LV�GHVFULEHG�LQ�&KDSWHU����

+%DVH¦V�TableInputFormat�LV�GHVLJQHG�WR�DOORZ�D�0DS5HGXFH�SURJUDP�WR�RSHUDWH�RQ
GDWD�VWRUHG�LQ�DQ�+%DVH�WDEOH��TableOutputFormat�LV�IRU�ZULWLQJ�0DS5HGXFH�RXWSXWV
LQWR�DQ�+%DVH�WDEOH�

Output Formats
+DGRRS�KDV�RXWSXW�GDWD�IRUPDWV�WKDW�FRUUHVSRQG�WR�WKH�LQSXW�IRUPDWV�FRYHUHG�LQ�WKH
SUHYLRXV�VHFWLRQ��7KH�OutputFormat�FODVV�KLHUDUFK\�DSSHDUV�LQ�)LJXUH�����

�� ,QVWUXFWLRQV�IRU�KRZ�WR�XVH�WKHVH�IRUPDWV�DUH�SURYLGHG�LQ�£'DWDEDVH�$FFHVV�ZLWK�+DGRRS¤�E\�$DURQ
.LPEDOO�
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)LJXUH������2XWSXW)RUPDW�FODVV�KLHUDUFK\

Text Output
7KH�GHIDXOW�RXWSXW�IRUPDW��TextOutputFormat��ZULWHV�UHFRUGV�DV�OLQHV�RI�WH[W��,WV�NH\V
DQG�YDOXHV�PD\�EH�RI�DQ\�W\SH��VLQFH�TextOutputFormat�WXUQV�WKHP�WR�VWULQJV�E\�FDOOLQJ�
toString()�RQ�WKHP��(DFK�NH\�YDOXH�SDLU�LV�VHSDUDWHG�E\�D�WDE�FKDUDFWHU��DOWKRXJK�WKDW
PD\� EH� FKDQJHG� XVLQJ� WKH� mapreduce.output.textoutputformat.separator� SURSHUW\
�mapred.textoutputformat.separator� LQ�WKH�ROG�$3,���7KH�FRXQWHUSDUW�WR�TextOutput
Format�IRU�UHDGLQJ�LQ�WKLV�FDVH�LV�KeyValueTextInputFormat��VLQFH�LW�EUHDNV�OLQHV�LQWR�NH\�
YDOXH� SDLUV� EDVHG� RQ� D� FRQILJXUDEOH� VHSDUDWRU� �VHH� £.H\9DOXH7H[W,QSXW)RU�
PDW¤�RQ�SDJH������

<RX�FDQ�VXSSUHVV�WKH�NH\�RU�WKH�YDOXH��RU�ERWK��PDNLQJ�WKLV�RXWSXW�IRUPDW�HTXLYDOHQW
WR�NullOutputFormat��ZKLFK�HPLWV�QRWKLQJ��IURP�WKH�RXWSXW�XVLQJ�D�NullWritable�W\SH�
7KLV�DOVR�FDXVHV�QR�VHSDUDWRU�WR�EH�ZULWWHQ��ZKLFK�PDNHV�WKH�RXWSXW�VXLWDEOH�IRU�UHDGLQJ
LQ�XVLQJ�TextInputFormat�

Binary Output

SequenceFileOutputFormat
$V�WKH�QDPH�LQGLFDWHV��SequenceFileOutputFormat�ZULWHV�VHTXHQFH�ILOHV�IRU�LWV�RXWSXW�
7KLV�LV�D�JRRG�FKRLFH�RI�RXWSXW�LI�LW�IRUPV�WKH�LQSXW�WR�D�IXUWKHU�0DS5HGXFH�MRE��VLQFH
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LW� LV� FRPSDFW� DQG� LV� UHDGLO\� FRPSUHVVHG�� &RPSUHVVLRQ� LV� FRQWUROOHG� YLD� WKH� VWDWLF
PHWKRGV�RQ�SequenceFileOutputFormat��DV�GHVFULEHG�LQ�£8VLQJ�&RPSUHVVLRQ�LQ�0DS�
5HGXFH¤�RQ�SDJH�����)RU�DQ�H[DPSOH�RI�KRZ� WR�XVH�SequenceFileOutputFormat�� VHH
£6RUWLQJ¤�RQ�SDJH�����

SequenceFileAsBinaryOutputFormat
SequenceFileAsBinaryOutputFormat� LV� WKH� FRXQWHUSDUW� WR� SequenceFileAsBinaryInput
Format��DQG�LW�ZULWHV�NH\V�DQG�YDOXHV�LQ�UDZ�ELQDU\�IRUPDW�LQWR�D�6HTXHQFH)LOH�FRQWDLQHU�

MapFileOutputFormat
MapFileOutputFormat�ZULWHV�0DS)LOHV�DV�RXWSXW��7KH�NH\V�LQ�D�0DS)LOH�PXVW�EH�DGGHG
LQ�RUGHU��VR�\RX�QHHG�WR�HQVXUH�WKDW�\RXU�UHGXFHUV�HPLW�NH\V�LQ�VRUWHG�RUGHU�

7KH�UHGXFH�LQSXW�NH\V�DUH�JXDUDQWHHG�WR�EH�VRUWHG��EXW�WKH�RXWSXW�NH\V
DUH�XQGHU�WKH�FRQWURO�RI�WKH�UHGXFH�IXQFWLRQ��DQG�WKHUH�LV�QRWKLQJ�LQ�WKH
JHQHUDO�0DS5HGXFH�FRQWUDFW�WKDW�VWDWHV�WKDW�WKH�UHGXFH�RXWSXW�NH\V�KDYH
WR�EH�RUGHUHG�LQ�DQ\�ZD\��7KH�H[WUD�FRQVWUDLQW�RI�VRUWHG�UHGXFH�RXWSXW
NH\V�LV�MXVW�QHHGHG�IRU�MapFileOutputFormat�

Multiple Outputs
FileOutputFormat�DQG�LWV�VXEFODVVHV�JHQHUDWH�D�VHW�RI�ILOHV�LQ�WKH�RXWSXW�GLUHFWRU\��7KHUH
LV�RQH�ILOH�SHU�UHGXFHU��DQG�ILOHV�DUH�QDPHG�E\�WKH�SDUWLWLRQ�QXPEHU��SDUW�U��������SDUW�
U��������HWF��6RPHWLPHV�WKHUH�LV�D�QHHG�WR�KDYH�PRUH�FRQWURO�RYHU�WKH�QDPLQJ�RI�WKH
ILOHV�RU�WR�SURGXFH�PXOWLSOH�ILOHV�SHU�UHGXFHU��0DS5HGXFH�FRPHV�ZLWK�WKH�MultipleOut
puts�FODVV�WR�KHOS�\RX�GR�WKLV��

An example: Partitioning data
&RQVLGHU�WKH�SUREOHP�RI�SDUWLWLRQLQJ�WKH�ZHDWKHU�GDWDVHW�E\�ZHDWKHU�VWDWLRQ��:H�ZRXOG
OLNH�WR�UXQ�D�MRE�ZKRVH�RXWSXW�LV�RQH�ILOH�SHU�VWDWLRQ��ZLWK�HDFK�ILOH�FRQWDLQLQJ�DOO�WKH
UHFRUGV�IRU�WKDW�VWDWLRQ�

2QH�ZD\�RI�GRLQJ�WKLV�LV�WR�KDYH�D�UHGXFHU�IRU�HDFK�ZHDWKHU�VWDWLRQ��7R�DUUDQJH�WKLV�
ZH�QHHG�WR�GR�WZR�WKLQJV��)LUVW��ZULWH�D�SDUWLWLRQHU�WKDW�SXWV�UHFRUGV�IURP�WKH�VDPH
ZHDWKHU�VWDWLRQ�LQWR�WKH�VDPH�SDUWLWLRQ��6HFRQG��VHW�WKH�QXPEHU�RI�UHGXFHUV�RQ�WKH�MRE
WR�EH�WKH�QXPEHU�RI�ZHDWKHU�VWDWLRQV��7KH�SDUWLWLRQHU�ZRXOG�ORRN�OLNH�WKLV�

�� ,Q�WKH�ROG�0DS5HGXFH�$3,��WKHUH�DUH�WZR�FODVVHV�IRU�SURGXFLQJ�PXOWLSOH�RXWSXWV��MultipleOutputFormat
DQG�MultipleOutputs��,Q�D�QXWVKHOO��MultipleOutputs�LV�PRUH�IXOO\�IHDWXUHG��EXW�MultipleOutputFormat�KDV
PRUH� FRQWURO� RYHU� WKH� RXWSXW� GLUHFWRU\� VWUXFWXUH� DQG� ILOH� QDPLQJ�� MultipleOutputs� LQ� WKH� QHZ� $3,
FRPELQHV�WKH�EHVW�IHDWXUHV�RI�WKH�WZR�PXOWLSOH�RXWSXW�FODVVHV�LQ�WKH�ROG�$3,��7KH�FRGH�RQ�WKLV�ERRN¦V
ZHEVLWH�LQFOXGHV�ROG�$3,�HTXLYDOHQWV�RI�WKH�H[DPSOHV�LQ�WKLV�VHFWLRQ�XVLQJ�ERWK�MultipleOutputs�DQG�
MultipleOutputFormat�
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public class StationPartitioner extends Partitioner<LongWritable, Text> {
  
  private NcdcRecordParser parser = new NcdcRecordParser();
  
  @Override
  public int getPartition(LongWritable key, Text value, int numPartitions) {
    parser.parse(value);
    return getPartition(parser.getStationId());
  }

  private int getPartition(String stationId) {
    ...
  }

}

7KH�getPartition(String)�PHWKRG��ZKRVH� LPSOHPHQWDWLRQ� LV� QRW� VKRZQ�� WXUQV� WKH
VWDWLRQ�,'�LQWR�D�SDUWLWLRQ�LQGH[��7R�GR�WKLV��LW�QHHGV�D�OLVW�RI�DOO�WKH�VWDWLRQ�,'V�DQG
WKHQ�MXVW�UHWXUQV�WKH�LQGH[�RI�WKH�VWDWLRQ�,'�LQ�WKH�OLVW�

7KHUH�DUH�WZR�GUDZEDFNV�WR�WKLV�DSSURDFK��7KH�ILUVW�LV�WKDW�VLQFH�WKH�QXPEHU�RI�SDUWL�
WLRQV�QHHGV�WR�EH�NQRZQ�EHIRUH�WKH�MRE�LV�UXQ��VR�GRHV�WKH�QXPEHU�RI�ZHDWKHU�VWDWLRQV�
$OWKRXJK�WKH�1&'&�SURYLGHV�PHWDGDWD�DERXW�LWV�VWDWLRQV��WKHUH�LV�QR�JXDUDQWHH�WKDW
WKH�,'V�HQFRXQWHUHG�LQ�WKH�GDWD�PDWFK�WKRVH�LQ�WKH�PHWDGDWD��$�VWDWLRQ�WKDW�DSSHDUV�LQ
WKH�PHWDGDWD�EXW�QRW�LQ�WKH�GDWD�ZDVWHV�D�UHGXFHU�VORW��:RUVH��D�VWDWLRQ�WKDW�DSSHDUV
LQ�WKH�GDWD�EXW�QRW�LQ�WKH�PHWDGDWD�GRHVQ¦W�JHW�D�UHGXFHU�VORW��LW�KDV�WR�EH�WKURZQ�DZD\�
2QH�ZD\�RI�PLWLJDWLQJ�WKLV�SUREOHP�ZRXOG�EH�WR�ZULWH�D�MRE�WR�H[WUDFW�WKH�XQLTXH�VWDWLRQ
,'V��EXW�LW¦V�D�VKDPH�WKDW�ZH�QHHG�DQ�H[WUD�MRE�WR�GR�WKLV�

7KH�VHFRQG�GUDZEDFN�LV�PRUH�VXEWOH��,W�LV�JHQHUDOO\�D�EDG�LGHD�WR�DOORZ�WKH�QXPEHU�RI
SDUWLWLRQV�WR�EH�ULJLGO\�IL[HG�E\�WKH�DSSOLFDWLRQ��VLQFH�WKLV�FDQ�OHDG�WR�VPDOO�RU�XQHYHQ�
VL]HG�SDUWLWLRQV��+DYLQJ�PDQ\�UHGXFHUV�GRLQJ�D�VPDOO�DPRXQW�RI�ZRUN�LVQ¦W�DQ�HIILFLHQW
ZD\�RI�RUJDQL]LQJ�D�MRE��LW¦V�PXFK�EHWWHU�WR�JHW�UHGXFHUV�WR�GR�PRUH�ZRUN�DQG�KDYH
IHZHU�RI�WKHP��DV�WKH�RYHUKHDG�LQ�UXQQLQJ�D�WDVN�LV�WKHQ�UHGXFHG��8QHYHQ�VL]HG�SDUWL�
WLRQV� FDQ�EH�GLIILFXOW� WR� DYRLG�� WRR��'LIIHUHQW�ZHDWKHU� VWDWLRQV�ZLOO�KDYH�JDWKHUHG�D
ZLGHO\�YDU\LQJ�DPRXQW�RI�GDWD��IRU�H[DPSOH��FRPSDUH�D�VWDWLRQ�WKDW�RSHQHG�RQH�\HDU
DJR�WR�RQH�WKDW�KDV�EHHQ�JDWKHULQJ�GDWD� IRU�RQH�FHQWXU\�� ,I�D� IHZ�UHGXFH�WDVNV�WDNH
VLJQLILFDQWO\�ORQJHU�WKDQ�WKH�RWKHUV��WKH\�ZLOO�GRPLQDWH�WKH�MRE�H[HFXWLRQ�WLPH�DQG�FDXVH
LW�WR�EH�ORQJHU�WKDQ�LW�QHHGV�WR�EH�
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7KHUH�DUH�WZR�VSHFLDO�FDVHV�ZKHQ�LW�GRHV�PDNH�VHQVH�WR�DOORZ�WKH�DS�
SOLFDWLRQ�WR�VHW�WKH�QXPEHU�RI�SDUWLWLRQV��RU�HTXLYDOHQWO\��WKH�QXPEHU
RI�UHGXFHUV��

=HUR�UHGXFHUV
7KLV�LV�D�YDFXRXV�FDVH��WKHUH�DUH�QR�SDUWLWLRQV��DV�WKH�DSSOLFDWLRQ
QHHGV�WR�UXQ�RQO\�PDS�WDVNV�

2QH�UHGXFHU
,W�FDQ�EH�FRQYHQLHQW�WR�UXQ�VPDOO�MREV�WR�FRPELQH�WKH�RXWSXW�RI
SUHYLRXV�MREV�LQWR�D�VLQJOH�ILOH��7KLV�VKRXOG�EH�DWWHPSWHG�RQO\�ZKHQ
WKH�DPRXQW�RI�GDWD�LV�VPDOO�HQRXJK�WR�EH�SURFHVVHG�FRPIRUWDEO\
E\�RQH�UHGXFHU�

,W�LV�PXFK�EHWWHU�WR�OHW�WKH�FOXVWHU�GULYH�WKH�QXPEHU�RI�SDUWLWLRQV�IRU�D�MRE��WKH�LGHD�EHLQJ
WKDW�WKH�PRUH�FOXVWHU�UHGXFH�VORWV�DUH�DYDLODEOH��WKH�IDVWHU�WKH�MRE�FDQ�FRPSOHWH��7KLV�LV
ZK\�WKH�GHIDXOW�HashPartitioner�ZRUNV�VR�ZHOO��DV�LW�ZRUNV�ZLWK�DQ\�QXPEHU�RI�SDUWL�
WLRQV�DQG�HQVXUHV�HDFK�SDUWLWLRQ�KDV�D�JRRG�PL[�RI�NH\V��OHDGLQJ�WR�PRUH�HYHQ�VL]HG
SDUWLWLRQV�

,I�ZH�JR�EDFN�WR�XVLQJ�HashPartitioner��HDFK�SDUWLWLRQ�ZLOO�FRQWDLQ�PXOWLSOH�VWDWLRQV�
VR�WR�FUHDWH�D�ILOH�SHU�VWDWLRQ��ZH�QHHG�WR�DUUDQJH�IRU�HDFK�UHGXFHU�WR�ZULWH�PXOWLSOH�ILOHV�
ZKLFK�LV�ZKHUH�MultipleOutputs�FRPHV�LQ�

MultipleOutputs
MultipleOutputs�DOORZV�\RX�WR�ZULWH�GDWD�WR�ILOHV�ZKRVH�QDPHV�DUH�GHULYHG�IURP�WKH
RXWSXW�NH\V�DQG�YDOXHV��RU�LQ�IDFW�IURP�DQ�DUELWUDU\�VWULQJ��7KLV�DOORZV�HDFK�UHGXFHU��RU
PDSSHU�LQ�D�PDS�RQO\�MRE��WR�FUHDWH�PRUH�WKDQ�D�VLQJOH�ILOH��)LOHQDPHV�DUH�RI�WKH�IRUP
name�P�nnnnn�IRU�PDS�RXWSXWV�DQG�name�U�nnnnn�IRU�UHGXFH�RXWSXWV��ZKHUH�name�LV�DQ
DUELWUDU\�QDPH�WKDW�LV�VHW�E\�WKH�SURJUDP��DQG�nnnnn�LV�DQ�LQWHJHU�GHVLJQDWLQJ�WKH�SDUW
QXPEHU��VWDUWLQJ�IURP�]HUR��7KH�SDUW�QXPEHU�HQVXUHV�WKDW�RXWSXWV�ZULWWHQ�IURP�GLI�
IHUHQW�SDUWLWLRQV��PDSSHUV�RU�UHGXFHUV��GR�QRW�FROOLGH�LQ�WKH�FDVH�RI�WKH�VDPH�QDPH�

7KH�SURJUDP�LQ�([DPSOH�����VKRZV�KRZ�WR�XVH�MultipleOutputs�WR�SDUWLWLRQ�WKH�GDWDVHW
E\�VWDWLRQ�

([DPSOH������3DUWLWLRQLQJ�ZKROH�GDWDVHW�LQWR�ILOHV�QDPHG�E\�WKH�VWDWLRQ�,'�XVLQJ�0XOWLSOH2XWSXWV

public class PartitionByStationUsingMultipleOutputs extends Configured
  implements Tool {
  
  static class StationMapper
    extends Mapper<LongWritable, Text, Text, Text> {
  
    private NcdcRecordParser parser = new NcdcRecordParser();
    
    @Override
    protected void map(LongWritable key, Text value, Context context)
        throws IOException, InterruptedException {
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      parser.parse(value);
      context.write(new Text(parser.getStationId()), value);
    }
  }
  
  static class MultipleOutputsReducer
      extends Reducer<Text, Text, NullWritable, Text> {
    
    private MultipleOutputs<NullWritable, Text> multipleOutputs;

    @Override
    protected void setup(Context context)
        throws IOException, InterruptedException {
      multipleOutputs = new MultipleOutputs<NullWritable, Text>(context);
    }

    @Override
    protected void reduce(Text key, Iterable<Text> values, Context context)
        throws IOException, InterruptedException {
      for (Text value : values) {
        multipleOutputs.write(NullWritable.get(), value, key.toString());
      }
    }
    
    @Override
    protected void cleanup(Context context)
        throws IOException, InterruptedException {
      multipleOutputs.close();
    }
  }

  @Override
  public int run(String[] args) throws Exception {
    Job job = JobBuilder.parseInputAndOutput(this, getConf(), args);
    if (job == null) {
      return -1;
    }
    
    job.setMapperClass(StationMapper.class);
    job.setMapOutputKeyClass(Text.class);
    job.setReducerClass(MultipleOutputsReducer.class);
    job.setOutputKeyClass(NullWritable.class);

    return job.waitForCompletion(true) ? 0 : 1;
  }
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(new PartitionByStationUsingMultipleOutputs(),
        args);
    System.exit(exitCode);
  }
}
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,Q�WKH�UHGXFHU��ZKLFK�LV�ZKHUH�ZH�JHQHUDWH�WKH�RXWSXW��ZH�FRQVWUXFW�DQ�LQVWDQFH�RI�
MultipleOutputs�LQ�WKH�setup()�PHWKRG�DQG�DVVLJQ�LW�WR�DQ�LQVWDQFH�YDULDEOH��:H�WKHQ
XVH�WKH�MultipleOutputs�LQVWDQFH�LQ�WKH�reduce()�PHWKRG�WR�ZULWH�WR�WKH�RXWSXW��LQ�SODFH
RI�WKH�FRQWH[W��7KH�write()�PHWKRG�WDNHV�WKH�NH\�DQG�YDOXH��DV�ZHOO�DV�D�QDPH��:H�XVH
WKH�VWDWLRQ�LGHQWLILHU�IRU�WKH�QDPH��VR�WKH�RYHUDOO�HIIHFW�LV�WR�SURGXFH�RXWSXW�ILOHV�ZLWK
WKH�QDPLQJ�VFKHPH�station_identifier�U�nnnnn�

,Q�RQH�UXQ��WKH�ILUVW�IHZ�RXWSXW�ILOHV�ZHUH�QDPHG�DV�IROORZV�

output/010010-99999-r-00027
output/010050-99999-r-00013
output/010100-99999-r-00015
output/010280-99999-r-00014
output/010550-99999-r-00000
output/010980-99999-r-00011
output/011060-99999-r-00025
output/012030-99999-r-00029
output/012350-99999-r-00018
output/012620-99999-r-00004

7KH�EDVH�SDWK�VSHFLILHG�LQ�WKH�write()�PHWKRG�RI�MultipleOutputs�LV�LQWHUSUHWHG�UHODWLYH
WR�WKH�RXWSXW�GLUHFWRU\��DQG�EHFDXVH�LW�PD\�FRQWDLQ�ILOH�SDWK�VHSDUDWRU�FKDUDFWHUV��/��
LW¦V�SRVVLEOH� WR� FUHDWH� VXEGLUHFWRULHV�RI� DUELWUDU\�GHSWK��)RU� H[DPSOH�� WKH� IROORZLQJ
PRGLILFDWLRQ�SDUWLWLRQV�WKH�GDWD�E\�VWDWLRQ�DQG�\HDU�VR�WKDW�HDFK�\HDU¦V�GDWD�LV�FRQWDLQHG
LQ�D�GLUHFWRU\�QDPHG�E\�WKH�VWDWLRQ�,'��VXFK�DV�������������������SDUW�U��������

    @Override
    protected void reduce(Text key, Iterable<Text> values, Context context)
        throws IOException, InterruptedException {
      for (Text value : values) {
        parser.parse(value);
        String basePath = String.format("%s/%s/part",
            parser.getStationId(), parser.getYear());
        multipleOutputs.write(NullWritable.get(), value, basePath);
      }
    }

MultipleOutputs�GHOHJDWHV�WR�WKH�PDSSHU¦V�OutputFormat��ZKLFK�LQ�WKLV�H[DPSOH�LV�D�
TextOutputFormat��EXW�PRUH�FRPSOH[�VHWXSV�DUH�SRVVLEOH��)RU�H[DPSOH��\RX�FDQ�FUHDWH
QDPHG�RXWSXWV��HDFK�ZLWK�LWV�RZQ�OutputFormat�DQG�NH\�DQG�YDOXH�W\SHV��ZKLFK�PD\
GLIIHU�IURP�WKH�RXWSXW�W\SHV�RI�WKH�PDSSHU�RU�UHGXFHU���)XUWKHUPRUH��WKH�PDSSHU�RU
UHGXFHU��RU�ERWK��PD\�ZULWH�WR�PXOWLSOH�RXWSXW�ILOHV�IRU�HDFK�UHFRUG�SURFHVVHG��&RQVXOW
WKH�-DYD�GRFXPHQWDWLRQ�IRU�PRUH�LQIRUPDWLRQ�

Lazy Output
FileOutputFormat� VXEFODVVHV�ZLOO� FUHDWH� RXWSXW� �SDUW�U�nnnnn�� ILOHV�� HYHQ� LI� WKH\� DUH
HPSW\��6RPH�DSSOLFDWLRQV�SUHIHU�WKDW�HPSW\�ILOHV�QRW�EH�FUHDWHG��ZKLFK�LV�ZKHUH�Lazy
OutputFormat�KHOSV��,W�LV�D�ZUDSSHU�RXWSXW�IRUPDW�WKDW�HQVXUHV�WKDW�WKH�RXWSXW�ILOH�LV
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FUHDWHG�RQO\�ZKHQ�WKH�ILUVW�UHFRUG�LV�HPLWWHG�IRU�D�JLYHQ�SDUWLWLRQ��7R�XVH�LW��FDOO�LWV�
setOutputFormatClass()�PHWKRG�ZLWK�WKH�JobConf�DQG�WKH�XQGHUO\LQJ�RXWSXW�IRUPDW�

6WUHDPLQJ�DQG�3LSHV�VXSSRUW�D�-lazyOutput�RSWLRQ�WR�HQDEOH�LazyOutputFormat�

Database Output
7KH�RXWSXW�IRUPDWV�IRU�ZULWLQJ�WR�UHODWLRQDO�GDWDEDVHV�DQG�WR�+%DVH�DUH�PHQWLRQHG�LQ
£'DWDEDVH�,QSXW��DQG�2XWSXW�¤�RQ�SDJH�����
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CHAPTER 8

MapReduce Features

7KLV�FKDSWHU�ORRNV�DW�VRPH�RI�WKH�PRUH�DGYDQFHG�IHDWXUHV�RI�0DS5HGXFH��LQFOXGLQJ
FRXQWHUV�DQG�VRUWLQJ�DQG�MRLQLQJ�GDWDVHWV�

Counters
7KHUH�DUH�RIWHQ�WKLQJV�\RX�ZRXOG�OLNH�WR�NQRZ�DERXW�WKH�GDWD�\RX�DUH�DQDO\]LQJ�EXW
WKDW�DUH�SHULSKHUDO�WR�WKH�DQDO\VLV�\RX�DUH�SHUIRUPLQJ��)RU�H[DPSOH��LI�\RX�ZHUH�FRXQWLQJ
LQYDOLG�UHFRUGV�DQG�GLVFRYHUHG�WKDW�WKH�SURSRUWLRQ�RI�LQYDOLG�UHFRUGV�LQ�WKH�ZKROH�GD�
WDVHW�ZDV�YHU\�KLJK��\RX�PLJKW�EH�SURPSWHG�WR�FKHFN�ZK\�VR�PDQ\�UHFRUGV�ZHUH�EHLQJ
PDUNHG�DV�LQYDOLG¢SHUKDSV�WKHUH�LV�D�EXJ�LQ�WKH�SDUW�RI�WKH�SURJUDP�WKDW�GHWHFWV�LQYDOLG
UHFRUGV"�2U�LI�WKH�GDWD�ZHUH�RI�SRRU�TXDOLW\�DQG�JHQXLQHO\�GLG�KDYH�YHU\�PDQ\�LQYDOLG
UHFRUGV��DIWHU�GLVFRYHULQJ�WKLV��\RX�PLJKW�GHFLGH�WR�LQFUHDVH�WKH�VL]H�RI�WKH�GDWDVHW�VR
WKDW�WKH�QXPEHU�RI�JRRG�UHFRUGV�ZDV�ODUJH�HQRXJK�IRU�PHDQLQJIXO�DQDO\VLV�

&RXQWHUV�DUH�D�XVHIXO�FKDQQHO�IRU�JDWKHULQJ�VWDWLVWLFV�DERXW�WKH�MRE��IRU�TXDOLW\�FRQWURO
RU�IRU�DSSOLFDWLRQ�OHYHO�VWDWLVWLFV��7KH\�DUH�DOVR�XVHIXO�IRU�SUREOHP�GLDJQRVLV��,I�\RX�DUH
WHPSWHG�WR�SXW�D�ORJ�PHVVDJH�LQWR�\RXU�PDS�RU�UHGXFH�WDVN��LW�LV�RIWHQ�EHWWHU�WR�VHH
ZKHWKHU�\RX�FDQ�XVH�D�FRXQWHU�LQVWHDG�WR�UHFRUG�WKDW�D�SDUWLFXODU�FRQGLWLRQ�RFFXUUHG�
,Q�DGGLWLRQ�WR�FRXQWHU�YDOXHV�EHLQJ�PXFK�HDVLHU�WR�UHWULHYH�WKDQ�ORJ�RXWSXW�IRU�ODUJH
GLVWULEXWHG�MREV��\RX�JHW�D�UHFRUG�RI�WKH�QXPEHU�RI�WLPHV�WKDW�FRQGLWLRQ�RFFXUUHG��ZKLFK
LV�PRUH�ZRUN�WR�REWDLQ�IURP�D�VHW�RI�ORJILOHV�

Built-in Counters
+DGRRS�PDLQWDLQV�VRPH�EXLOW�LQ�FRXQWHUV�IRU�HYHU\�MRE��DQG�WKHVH�UHSRUW�YDULRXV�PHW�
ULFV��)RU�H[DPSOH��WKHUH�DUH�FRXQWHUV�IRU�WKH�QXPEHU�RI�E\WHV�DQG�UHFRUGV�SURFHVVHG�
ZKLFK�DOORZV�\RX�WR�FRQILUP�WKDW�WKH�H[SHFWHG�DPRXQW�RI�LQSXW�ZDV�FRQVXPHG�DQG�WKH
H[SHFWHG�DPRXQW�RI�RXWSXW�ZDV�SURGXFHG�

&RXQWHUV�DUH�GLYLGHG�LQWR�JURXSV��DQG�WKHUH�DUH�VHYHUDO�JURXSV�IRU�WKH�EXLOW�LQ�FRXQWHUV�
OLVWHG�LQ�7DEOH�����
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7DEOH������%XLOW�LQ�FRXQWHU�JURXSV

Group Name/Enum Reference

MapRe-
duce task
counters

org.apache.hadoop.mapred.Task$Counter (1.x)
org.apache.hadoop.mapreduce.TaskCounter (post-1.x)

Table 8-2

Filesystem
counters

FileSystemCounters (1.x)
org.apache.hadoop.mapreduce.FileSystemCounter (post 1.x)

Table 8-3

FileInput-
Format
counters

org.apache.hadoop.mapred.FileInputFormat$Counter (1.x)
org.apache.hadoop.mapreduce.lib.input.FileInputFormatCounter
(post-1.x)

Table 8-4

FileOutput-
Format
counters

org.apache.hadoop.mapred.FileOutputFormat$Counter (1.x)
org.apache.hadoop.mapreduce.lib.output.FileOutputFormatCounter
(post-1.x)

Table 8-5

Job coun-
ters

org.apache.hadoop.mapred.JobInProgress$Counter (1.x)
org.apache.hadoop.mapreduce.JobCounter (post-1.x)

Table 8-6

(DFK�JURXS�HLWKHU�FRQWDLQV�WDVN�FRXQWHUV��ZKLFK�DUH�XSGDWHG�DV�D�WDVN�SURJUHVVHV��RU
MRE�FRXQWHUV� �ZKLFK�DUH�XSGDWHG�DV�D� MRE�SURJUHVVHV���:H� ORRN�DW�ERWK�W\SHV� LQ� WKH
IROORZLQJ�VHFWLRQV�

Task counters
7DVN�FRXQWHUV�JDWKHU�LQIRUPDWLRQ�DERXW�WDVNV�RYHU�WKH�FRXUVH�RI�WKHLU�H[HFXWLRQ��DQG
WKH� UHVXOWV� DUH� DJJUHJDWHG� RYHU� DOO� WKH� WDVNV� LQ� D� MRE�� )RU� H[DPSOH�� WKH�
MAP_INPUT_RECORDS�FRXQWHU�FRXQWV�WKH�LQSXW�UHFRUGV�UHDG�E\�HDFK�PDS�WDVN�DQG�DJJUH�
JDWHV�RYHU�DOO�PDS�WDVNV�LQ�D�MRE��VR�WKDW�WKH�ILQDO�ILJXUH�LV�WKH�WRWDO�QXPEHU�RI�LQSXW
UHFRUGV�IRU�WKH�ZKROH�MRE�

7DVN�FRXQWHUV�DUH�PDLQWDLQHG�E\�HDFK�WDVN�DWWHPSW��DQG�SHULRGLFDOO\�VHQW�WR�WKH�WDVN�
WUDFNHU�DQG�WKHQ�WR�WKH�MREWUDFNHU�VR�WKH\�FDQ�EH�JOREDOO\�DJJUHJDWHG���7KLV�LV�GHVFULEHG
LQ�£3URJUHVV�DQG�VWDWXV�XSGDWHV¤�RQ�SDJH������1RWH�WKDW�WKH�LQIRUPDWLRQ�IORZ�LV�GLI�
IHUHQW�LQ�<$51��VHH�£<$51��0DS5HGXFH���¤�RQ�SDJH�������7DVN�FRXQWHUV�DUH�VHQW�LQ
IXOO�HYHU\�WLPH��UDWKHU�WKDQ�VHQGLQJ�WKH�FRXQWV�VLQFH�WKH�ODVW�WUDQVPLVVLRQ��VLQFH�WKLV
JXDUGV�DJDLQVW�HUURUV�GXH�WR�ORVW�PHVVDJHV��)XUWKHUPRUH��GXULQJ�D�MRE�UXQ��FRXQWHUV
PD\�JR�GRZQ�LI�D�WDVN�IDLOV�

&RXQWHU�YDOXHV�DUH�GHILQLWLYH�RQO\�RQFH�D�MRE�KDV�VXFFHVVIXOO\�FRPSOHWHG��+RZHYHU�
VRPH�FRXQWHUV�SURYLGH�XVHIXO�GLDJQRVWLF�LQIRUPDWLRQ�DV�D�WDVN�LV�SURJUHVVLQJ��DQG�LW�FDQ
EH�XVHIXO� WR�PRQLWRU� WKHP�ZLWK� WKH�ZHE�8,��)RU�H[DPSOH��PHYSICAL_MEMORY_BYTES��
VIRTUAL_MEMORY_BYTES��DQG�COMMITTED_HEAP_BYTES�SURYLGH�DQ�LQGLFDWLRQ�RI�KRZ�PHP�
RU\�XVDJH�YDULHV�RYHU�WKH�FRXUVH�RI�D�SDUWLFXODU�WDVN�DWWHPSW�

7KH�EXLOW�LQ�WDVN�FRXQWHUV�LQFOXGH�WKRVH�LQ�WKH�0DS5HGXFH�WDVN�FRXQWHUV�JURXS��7D�
EOH������DQG�WKRVH�LQ�WKH�ILOH�UHODWHG�FRXQWHUV�JURXSV��7DEOH������7DEOH������DQG�7D�
EOH������
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7DEOH������%XLOW�LQ�0DS5HGXFH�WDVN�FRXQWHUV

Counter Description

Map input records
(MAP_INPUT_RECORDS)

The number of input records consumed by all the maps in the job. Incremented
every time a record is read from a RecordReader and passed to the map’s 
map() method by the framework.

Map skipped records
(MAP_SKIPPED_RECORDS)

The number of input records skipped by all the maps in the job. See “Skipping
Bad Records” on page 220.

Map input bytes
(MAP_INPUT_BYTES)

The number of bytes of uncompressed input consumed by all the maps in the
job. Incremented every time a record is read from a RecordReader and passed
to the map’s map() method by the framework.

Split raw bytes
(SPLIT_RAW_BYTES)

The number of bytes of input-split objects read by maps. These objects represent
the split metadata (that is, the offset and length within a file) rather than the
split data itself, so the total size should be small.

Map output records
(MAP_OUTPUT_RECORDS)

The number of map output records produced by all the maps in the job.
Incremented every time the collect() method is called on a map’s
OutputCollector.

Map output bytes
(MAP_OUTPUT_BYTES)

The number of bytes of uncompressed output produced by all the maps in the
job. Incremented every time the collect() method is called on a map’s 
OutputCollector.

Map output materialized bytes
(MAP_OUTPUT_MATERIALIZED_BYTES)

The number of bytes of map output actually written to disk. If map output
compression is enabled, this is reflected in the counter value.

Combine input records
(COMBINE_INPUT_RECORDS)

The number of input records consumed by all the combiners (if any) in the job.
Incremented every time a value is read from the combiner’s iterator over values.
Note that this count is the number of values consumed by the combiner, not
the number of distinct key groups (which would not be a useful metric, since
there is not necessarily one group per key for a combiner; see “Combiner Func-
tions” on page 33, and also “Shuffle and Sort” on page 208).

Combine output records
(COMBINE_OUTPUT_RECORDS)

The number of output records produced by all the combiners (if any) in the job.
Incremented every time the collect() method is called on a combiner’s 
OutputCollector.

Reduce input groups
(REDUCE_INPUT_GROUPS)

The number of distinct key groups consumed by all the reducers in the job.
Incremented every time the reducer’s reduce() method is called by the
framework.

Reduce input records
(REDUCE_INPUT_RECORDS)

The number of input records consumed by all the reducers in the job. Incremented
every time a value is read from the reducer’s iterator over values. If reducers
consume all of their inputs, this count should be the same as the count for map
output records.

Reduce output records
(REDUCE_OUTPUT_RECORDS)

The number of reduce output records produced by all the maps in the job.
Incremented every time the collect() method is called on a reducer’s
OutputCollector.

Reduce skipped groups
(REDUCE_SKIPPED_GROUPS)

The number of distinct key groups skipped by all the reducers in the job. See
“Skipping Bad Records” on page 220.

Reduce skipped records The number of input records skipped by all the reducers in the job.
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Counter Description
(REDUCE_SKIPPED_RECORDS)

Reduce shuffle bytes
(REDUCE_SHUFFLE_BYTES)

The number of bytes of map output copied by the shuffle to reducers.

Spilled records
(SPILLED_RECORDS)

The number of records spilled to disk in all map and reduce tasks in the job.

CPU milliseconds
(CPU_MILLISECONDS)

The cumulative CPU time for a task in milliseconds, as reported by /proc/cpuinfo.

Physical memory bytes
(PHYSICAL_MEMORY_BYTES)

The physical memory being used by a task in bytes, as reported by /proc/meminfo.

Virtual memory bytes
(VIRTUAL_MEMORY_BYTES)

The virtual memory being used by a task in bytes, as reported by /proc/meminfo.

Committed heap bytes
(COMMITTED_HEAP_BYTES)

The total amount of memory available in the JVM in bytes, as reported by
Runtime.getRuntime().totalMemory().

GC time milliseconds
(GC_TIME_MILLIS)

The elapsed time for garbage collection in tasks in milliseconds, as reported by 
GarbageCollectorMXBean.getCollectionTime(). (Not available
in 1.x.)

Shuffled maps
(SHUFFLED_MAPS)

The number of map output files transferred to reducers by the shuffle (See
“Shuffle and Sort” on page 208.) (Not available in 1.x.)

Failed shuffle
(FAILED_SHUFFLE)

The number of map output copy failures during the shuffle. (Not available in 1.x.)

Merged map outputs
(MERGED_MAP_OUTPUTS)

The number of map outputs that have been merged on the reduce side of the
shuffle. (Not available in 1.x.)

7DEOH������%XLOW�LQ�ILOHV\VWHP�WDVN�FRXQWHUV

Counter Description

Filesystem bytes read
(BYTES_READ)

The number of bytes read by each filesystem by map and reduce tasks. There is a counter for each
filesystem, and Filesystem, which may be Local, HDFS, S3, KFS, etc.

Filesystem bytes written
(BYTES_WRITTEN)

The number of bytes written by each filesystem by map and reduce tasks.

7DEOH������%XLOW�LQ�)LOH,QSXW)RUPDW�WDVN�FRXQWHUV

Counter Description

Bytes read
(BYTES_READ)

The number of bytes read by map tasks via the FileInputFormat.

7DEOH������%XLOW�LQ�)LOH2XWSXW)RUPDW�WDVN�FRXQWHUV

Counter Description

Bytes written
(BYTES_WRITTEN)

The number of bytes written by map tasks (for map-only jobs) or reduce tasks via the FileOutputFormat.
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Job counters
-RE�FRXQWHUV��7DEOH������DUH�PDLQWDLQHG�E\�WKH�MREWUDFNHU��RU�DSSOLFDWLRQ�PDVWHU�LQ
<$51���VR�WKH\�GRQ¦W�QHHG�WR�EH�VHQW�DFURVV�WKH�QHWZRUN��XQOLNH�DOO�RWKHU�FRXQWHUV�
LQFOXGLQJ�XVHU�GHILQHG�RQHV��7KH\�PHDVXUH�MRE�OHYHO�VWDWLVWLFV��QRW�YDOXHV�WKDW�FKDQJH
ZKLOH�D�WDVN�LV�UXQQLQJ��)RU�H[DPSOH��TOTAL_LAUNCHED_MAPS�FRXQWV�WKH�QXPEHU�RI�PDS
WDVNV�WKDW�ZHUH�ODXQFKHG�RYHU�WKH�FRXUVH�RI�D�MRE��LQFOXGLQJ�WDVNV�WKDW�IDLOHG��

7DEOH������%XLOW�LQ�MRE�FRXQWHUV

Counter Description

Launched map tasks
(TOTAL_LAUNCHED_MAPS)

The number of map tasks that were launched. Includes tasks that were
started speculatively.

Launched reduce tasks
(TOTAL_LAUNCHED_REDUCES)

The number of reduce tasks that were launched. Includes tasks that
were started speculatively.

Launched uber tasks
(TOTAL_LAUNCHED_UBERTASKS)

The number of uber tasks (see “YARN (MapReduce 2)” on page 196)
that were launched. (Only in YARN-based MapReduce.)

Maps in uber tasks
(NUM_UBER_SUBMAPS)

The number of maps in uber tasks. (Only in YARN-based MapReduce.)

Reduces in uber tasks
(NUM_UBER_SUBREDUCES)

The number of reduces in uber tasks. (Only in YARN-based MapRe-
duce.)

Failed map tasks
(NUM_FAILED_MAPS)

The number of map tasks that failed. See “Task failure” on page 202
for potential causes.

Failed reduce tasks
(NUM_FAILED_REDUCES)

The number of reduce tasks that failed.

Failed uber tasks
(NUM_FAILED_UBERTASKS)

The number of uber tasks that failed. (Only in YARN-based MapRe-
duce.)

Data-local map tasks
(DATA_LOCAL_MAPS)

The number of map tasks that ran on the same node as their input data.

Rack-local map tasks
(RACK_LOCAL_MAPS)

The number of map tasks that ran on a node in the same rack as their
input data, but that are not data-local.

Other local map tasks
(OTHER_LOCAL_MAPS)

The number of map tasks that ran on a node in a different rack to their
input data. Inter-rack bandwidth is scarce, and Hadoop tries to place
map tasks close to their input data, so this count should be low. See
Figure 2-2.

Total time in map tasks
(SLOTS_MILLIS_MAPS)

The total time taken running map tasks in milliseconds. Includes tasks
that were started speculatively.

Total time in reduce tasks
(SLOTS_MILLIS_REDUCES)

The total time taken running reduce tasks in milliseconds. Includes
tasks that were started speculatively.

Total time in map tasks waiting after reserving slots
(FALLOW_SLOTS_MILLIS_MAPS)

The total time in milliseconds spent waiting after reserving slots for
map tasks. Slot reservation is a Capacity Scheduler feature for high-
memory jobs; see “Task memory limits” on page 318. Not used by
YARN-based MapReduce.
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Counter Description

Total time in reduce tasks waiting after reserving slots
(FALLOW_SLOTS_MILLIS_REDUCES)

The total time in milliseconds spent waiting after reserving slots for
reduce tasks. Slot reservation is a Capacity Scheduler feature for high-
memory jobs; see “Task memory limits” on page 318. Not used by
YARN-based MapReduce.

User-Defined Java Counters
0DS5HGXFH�DOORZV�XVHU�FRGH�WR�GHILQH�D�VHW�RI�FRXQWHUV��ZKLFK�DUH�WKHQ�LQFUHPHQWHG
DV�GHVLUHG�LQ�WKH�PDSSHU�RU�UHGXFHU��&RXQWHUV�DUH�GHILQHG�E\�D�-DYD�HQXP��ZKLFK�VHUYHV
WR�JURXS�UHODWHG�FRXQWHUV��$�MRE�PD\�GHILQH�DQ�DUELWUDU\�QXPEHU�RI�HQXPV��HDFK�ZLWK
DQ�DUELWUDU\�QXPEHU�RI�ILHOGV��7KH�QDPH�RI�WKH�HQXP�LV�WKH�JURXS�QDPH��DQG�WKH�HQXP¦V
ILHOGV�DUH�WKH�FRXQWHU�QDPHV��&RXQWHUV�DUH�JOREDO��WKH�0DS5HGXFH�IUDPHZRUN�DJJUH�
JDWHV�WKHP�DFURVV�DOO�PDSV�DQG�UHGXFHV�WR�SURGXFH�D�JUDQG�WRWDO�DW�WKH�HQG�RI�WKH�MRE�

:H�FUHDWHG�VRPH�FRXQWHUV�LQ�&KDSWHU���IRU�FRXQWLQJ�PDOIRUPHG�UHFRUGV�LQ�WKH�ZHDWKHU
GDWDVHW��7KH�SURJUDP�LQ�([DPSOH�����H[WHQGV�WKDW�H[DPSOH�WR�FRXQW�WKH�QXPEHU�RI
PLVVLQJ�UHFRUGV�DQG�WKH�GLVWULEXWLRQ�RI�WHPSHUDWXUH�TXDOLW\�FRGHV�

([DPSOH������$SSOLFDWLRQ� WR� UXQ� WKH�PD[LPXP� WHPSHUDWXUH� MRE�� LQFOXGLQJ� FRXQWLQJ�PLVVLQJ�DQG
PDOIRUPHG�ILHOGV�DQG�TXDOLW\�FRGHV

public class MaxTemperatureWithCounters extends Configured implements Tool {
  
  enum Temperature {
    MISSING,
    MALFORMED
  }
  
  static class MaxTemperatureMapperWithCounters
    extends Mapper<LongWritable, Text, Text, IntWritable> {
    
    private NcdcRecordParser parser = new NcdcRecordParser();
  
    @Override
    protected void map(LongWritable key, Text value, Context context)
        throws IOException, InterruptedException {
      
      parser.parse(value);
      if (parser.isValidTemperature()) {
        int airTemperature = parser.getAirTemperature();
        context.write(new Text(parser.getYear()),
            new IntWritable(airTemperature));
      } else if (parser.isMalformedTemperature()) {
        System.err.println("Ignoring possibly corrupt input: " + value);
        context.getCounter(Temperature.MALFORMED).increment(1);
      } else if (parser.isMissingTemperature()) {
        context.getCounter(Temperature.MISSING).increment(1);
      }
      
      // dynamic counter
      context.getCounter("TemperatureQuality", parser.getQuality()).increment(1);
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    }
  }
  
  @Override
  public int run(String[] args) throws Exception {
    Job job = JobBuilder.parseInputAndOutput(this, getConf(), args);
    if (job == null) {
      return -1;
    }
    
    job.setOutputKeyClass(Text.class);
    job.setOutputValueClass(IntWritable.class);

    job.setMapperClass(MaxTemperatureMapperWithCounters.class);
    job.setCombinerClass(MaxTemperatureReducer.class);
    job.setReducerClass(MaxTemperatureReducer.class);

    return job.waitForCompletion(true) ? 0 : 1;
  }
  
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(new MaxTemperatureWithCounters(), args);
    System.exit(exitCode);
  }
}

7KH�EHVW�ZD\�WR�VHH�ZKDW�WKLV�SURJUDP�GRHV�LV�WR�UXQ�LW�RYHU�WKH�FRPSOHWH�GDWDVHW�

% hadoop jar hadoop-examples.jar MaxTemperatureWithCounters \
  input/ncdc/all output-counters

:KHQ�WKH�MRE�KDV�VXFFHVVIXOO\�FRPSOHWHG��LW�SULQWV�RXW�WKH�FRXQWHUV�DW�WKH�HQG��WKLV�LV
GRQH�E\�WKH�MRE�FOLHQW���+HUH�DUH�WKH�RQHV�ZH�DUH�LQWHUHVWHG�LQ�

12/02/04 19:46:38 INFO mapred.JobClient:   TemperatureQuality
12/02/04 19:46:38 INFO mapred.JobClient:     2=1246032
12/02/04 19:46:38 INFO mapred.JobClient:     1=973422173
12/02/04 19:46:38 INFO mapred.JobClient:     0=1
12/02/04 19:46:38 INFO mapred.JobClient:     6=40066
12/02/04 19:46:38 INFO mapred.JobClient:     5=158291879
12/02/04 19:46:38 INFO mapred.JobClient:     4=10764500
12/02/04 19:46:38 INFO mapred.JobClient:     9=66136858
12/02/04 19:46:38 INFO mapred.JobClient:   Air Temperature Records
12/02/04 19:46:38 INFO mapred.JobClient:     Malformed=3
12/02/04 19:46:38 INFO mapred.JobClient:     Missing=66136856

Dynamic counters
7KH�FRGH�PDNHV�XVH�RI�D�G\QDPLF�FRXQWHU¢RQH�WKDW� LVQ¦W�GHILQHG�E\�D�-DYD�HQXP�
%HFDXVH�D�-DYD�HQXP¦V�ILHOGV�DUH�GHILQHG�DW�FRPSLOH�WLPH��\RX�FDQ¦W�FUHDWH�QHZ�FRXQWHUV
RQ�WKH�IO\�XVLQJ�HQXPV��+HUH�ZH�ZDQW�WR�FRXQW�WKH�GLVWULEXWLRQ�RI�WHPSHUDWXUH�TXDOLW\
FRGHV�� DQG� WKRXJK� WKH� IRUPDW� VSHFLILFDWLRQ�GHILQHV� WKH�YDOXHV� WKDW� WKH� WHPSHUDWXUH
TXDOLW\�FRGH�FDQ�WDNH��LW�LV�PRUH�FRQYHQLHQW�WR�XVH�D�G\QDPLF�FRXQWHU�WR�HPLW�WKH�YDOXHV
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WKDW�LW�DFWXDOO\�WDNHV��7KH�PHWKRG�ZH�XVH�RQ�WKH�Reporter�REMHFW�WDNHV�D�JURXS�DQG
FRXQWHU�QDPH�XVLQJ�String�QDPHV�

public void incrCounter(String group, String counter, long amount)

7KH�WZR�ZD\V�RI�FUHDWLQJ�DQG�DFFHVVLQJ�FRXQWHUV¢XVLQJ�HQXPV�DQG�XVLQJ�VWULQJV¢
DUH�DFWXDOO\�HTXLYDOHQW�EHFDXVH�+DGRRS�WXUQV�HQXPV�LQWR�VWULQJV�WR�VHQG�FRXQWHUV�RYHU
53&��(QXPV�DUH�VOLJKWO\�HDVLHU�WR�ZRUN�ZLWK��SURYLGH�W\SH�VDIHW\��DQG�DUH�VXLWDEOH�IRU
PRVW�MREV��)RU�WKH�RGG�RFFDVLRQ�ZKHQ�\RX�QHHG�WR�FUHDWH�FRXQWHUV�G\QDPLFDOO\��\RX
FDQ�XVH�WKH�String�LQWHUIDFH�

Readable counter names
%\�GHIDXOW��D�FRXQWHU¦V�QDPH�LV�WKH�HQXP¦V�IXOO\�TXDOLILHG�-DYD�FODVVQDPH��7KHVH�QDPHV
DUH�QRW�YHU\�UHDGDEOH�ZKHQ�WKH\�DSSHDU�RQ�WKH�ZHE�8,�RU�LQ�WKH�FRQVROH��VR�+DGRRS
SURYLGHV�D�ZD\�WR�FKDQJH�WKH�GLVSOD\�QDPHV�XVLQJ�UHVRXUFH�EXQGOHV��:H¦YH�GRQH�WKLV
KHUH��VR�ZH�VHH�£$LU�7HPSHUDWXUH�5HFRUGV¤�LQVWHDG�RI�£7HPSHUDWXUH�0,66,1*�¤�)RU
G\QDPLF�FRXQWHUV��WKH�JURXS�DQG�FRXQWHU�QDPHV�DUH�XVHG�IRU�WKH�GLVSOD\�QDPHV��VR
QRUPDOO\�WKLV�LV�QRW�DQ�LVVXH�

7KH�UHFLSH�WR�SURYLGH�UHDGDEOH�QDPHV�LV�DV�IROORZV��&UHDWH�D�SURSHUWLHV�ILOH�QDPHG�DIWHU
WKH�HQXP��XVLQJ�DQ�XQGHUVFRUH�DV�D�VHSDUDWRU�IRU�QHVWHG�FODVVHV��7KH�SURSHUWLHV�ILOH
VKRXOG�EH�LQ�WKH�VDPH�GLUHFWRU\�DV�WKH�WRS�OHYHO�FODVV�FRQWDLQLQJ�WKH�HQXP��7KH�ILOH�LV
QDPHG��0D[7HPSHUDWXUH:LWK&RXQWHUVB7HPSHUDWXUH�SURSHUWLHV�IRU�WKH�FRXQWHUV�LQ�([�
DPSOH�����

7KH�SURSHUWLHV�ILOH�VKRXOG�FRQWDLQ�D�VLQJOH�SURSHUW\�QDPHG�CounterGroupName��ZKRVH
YDOXH�LV�WKH�GLVSOD\�QDPH�IRU�WKH�ZKROH�JURXS��7KHQ�HDFK�ILHOG�LQ�WKH�HQXP�VKRXOG�KDYH
D�FRUUHVSRQGLQJ�SURSHUW\�GHILQHG�IRU�LW��ZKRVH�QDPH�LV�WKH�QDPH�RI�WKH�ILHOG�VXIIL[HG
ZLWK�.name�DQG�ZKRVH�YDOXH�LV�WKH�GLVSOD\�QDPH�IRU�WKH�FRXQWHU��+HUH�DUH�WKH�FRQWHQWV
RI�0D[7HPSHUDWXUH:LWK&RXQWHUVB7HPSHUDWXUH�SURSHUWLHV�

CounterGroupName=Air Temperature Records
MISSING.name=Missing
MALFORMED.name=Malformed

+DGRRS�XVHV�WKH�VWDQGDUG�-DYD�ORFDOL]DWLRQ�PHFKDQLVPV�WR�ORDG�WKH�FRUUHFW�SURSHUWLHV
IRU�WKH�ORFDOH�\RX�DUH�UXQQLQJ�LQ��6R��IRU�H[DPSOH��\RX�FDQ�FUHDWH�D�&KLQHVH�YHUVLRQ�RI
WKH� SURSHUWLHV� LQ� D� ILOH� QDPHG� 0D[7HPSHUDWXUH:LWK&RXQWHUVB7HPSHUD�
WXUHB]KB&1�SURSHUWLHV��DQG�WKH\�ZLOO�EH�XVHG�ZKHQ�UXQQLQJ�LQ�WKH�zh_CN�ORFDOH��5HIHU
WR�WKH�GRFXPHQWDWLRQ�IRU�java.util.PropertyResourceBundle�IRU�PRUH�LQIRUPDWLRQ�

Retrieving counters
,Q�DGGLWLRQ�WR�EHLQJ�DYDLODEOH�YLD�WKH�ZHE�8,�DQG�WKH�FRPPDQG�OLQH��XVLQJ�hadoop job
-counter���\RX�FDQ�UHWULHYH�FRXQWHU�YDOXHV�XVLQJ�WKH�-DYD�$3,��<RX�FDQ�GR�WKLV�ZKLOH
WKH�MRE�LV�UXQQLQJ��DOWKRXJK�LW�LV�PRUH�XVXDO�WR�JHW�FRXQWHUV�DW�WKH�HQG�RI�D�MRE�UXQ�
ZKHQ�WKH\�DUH�VWDEOH��([DPSOH�����VKRZV�D�SURJUDP�WKDW�FDOFXODWHV�WKH�SURSRUWLRQ�RI
UHFRUGV�WKDW�KDYH�PLVVLQJ�WHPSHUDWXUH�ILHOGV�
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([DPSOH������$SSOLFDWLRQ�WR�FDOFXODWH�WKH�SURSRUWLRQ�RI�UHFRUGV�ZLWK�PLVVLQJ�WHPSHUDWXUH�ILHOGV

import org.apache.hadoop.conf.Configured;
import org.apache.hadoop.mapred.*;
import org.apache.hadoop.util.*;

public class MissingTemperatureFields extends Configured implements Tool {

  @Override
  public int run(String[] args) throws Exception {
    if (args.length != 1) {
      JobBuilder.printUsage(this, "<job ID>");
      return -1;
    }
    String jobID = args[0];
    JobClient jobClient = new JobClient(new JobConf(getConf()));
    RunningJob job = jobClient.getJob(JobID.forName(jobID));
    if (job == null) {
      System.err.printf("No job with ID %s found.\n", jobID);
      return -1;
    }
    if (!job.isComplete()) {
      System.err.printf("Job %s is not complete.\n", jobID);
      return -1;
    }
    
    Counters counters = job.getCounters();
    long missing = counters.getCounter(
        MaxTemperatureWithCounters.Temperature.MISSING);
    
    long total = counters.getCounter(Task.Counter.MAP_INPUT_RECORDS);

    System.out.printf("Records with missing temperature fields: %.2f%%\n",
        100.0 * missing / total);
    return 0;
  }
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(new MissingTemperatureFields(), args);
    System.exit(exitCode);
  }
}

)LUVW�ZH�UHWULHYH�D�RunningJob�REMHFW�IURP�D�JobClient�E\�FDOOLQJ�WKH�getJob()�PHWKRG
ZLWK�WKH�MRE�,'��:H�FKHFN�ZKHWKHU�WKHUH�LV�DFWXDOO\�D�MRE�ZLWK�WKH�JLYHQ�,'��7KHUH�PD\
QRW�EH��HLWKHU�EHFDXVH�WKH�,'�ZDV�LQFRUUHFWO\�VSHFLILHG�RU�EHFDXVH�WKH�MREWUDFNHU�QR
ORQJHU�KDV�D�UHIHUHQFH�WR�WKH�MRE��RQO\�WKH�ODVW�����MREV�DUH�NHSW�LQ�PHPRU\��FRQWUROOHG
E\� mapred.jobtracker.completeuserjobs.maximum�� DQG� DOO� DUH� FOHDUHG� RXW� LI� WKH� MRE�
WUDFNHU�LV�UHVWDUWHG��

$IWHU�FRQILUPLQJ�WKDW�WKH�MRE�KDV�FRPSOHWHG��ZH�FDOO�WKH�RunningJob¦V�getCounters()
PHWKRG��ZKLFK�UHWXUQV�D�Counters�REMHFW��HQFDSVXODWLQJ�DOO�WKH�FRXQWHUV�IRU�D�MRE��7KH�
Counters�FODVV�SURYLGHV�YDULRXV�PHWKRGV�IRU�ILQGLQJ�WKH�QDPHV�DQG�YDOXHV�RI�FRXQWHUV�
:H�XVH�WKH�getCounter()�PHWKRG��ZKLFK�WDNHV�DQ�HQXP�WR�ILQG�WKH�QXPEHU�RI�UHFRUGV
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WKDW�KDG�D�PLVVLQJ�WHPSHUDWXUH�ILHOG�DQG�DOVR�WKH�WRWDO�QXPEHU�RI�UHFRUGV�SURFHVVHG
�IURP�D�EXLOW�LQ�FRXQWHU��

)LQDOO\��ZH�SULQW�WKH�SURSRUWLRQ�RI�UHFRUGV�WKDW�KDG�D�PLVVLQJ�WHPSHUDWXUH�ILHOG��+HUH¦V
ZKDW�ZH�JHW�IRU�WKH�ZKROH�ZHDWKHU�GDWDVHW�

% hadoop jar hadoop-examples.jar MissingTemperatureFields job_201202040938_0012
Records with missing temperature fields: 5.47%

:H�XVHG�WKH�ROG�$3,�LQ�WKLV�H[DPSOH�EHFDXVH�WKH�QHZ�HTXLY�
DOHQW�IRU�UHWULHYLQJ�FRXQWHUV�DIWHU�D� MRE�KDV�ILQLVKHG�LV�QRW�DYDLODEOH� LQ�+DGRRS���[�
�1RWH�WKDW�LW�LV�SRVVLEOH�WR�UHWULHYH�WKH�FRXQWHUV�IURP�D�MRE�WKDW�UDQ�XVLQJ�WKH�QHZ�$3,
ZLWK�UHWULHYDO�FRGH�WKDW�XVHV�WKH�ROG�$3,���7KH�PDLQ�GLIIHUHQFH�LV�WKH�XVH�RI�D�Cluster
REMHFW�WR�UHWULHYH�D�Job��UDWKHU�WKDQ�D�RunningJob���DQG�WKHQ�FDOOLQJ�LWV�getCounters()
PHWKRG�

    Cluster cluster = new Cluster(getConf());
    Job job = cluster.getJob(JobID.forName(jobID));
    Counters counters = job.getCounters();
    long missing = counters.findCounter(
        MaxTemperatureWithCounters.Temperature.MISSING).getValue();
    long total = counters.findCounter(TaskCounter.MAP_INPUT_RECORDS).getValue();

$QRWKHU�GLIIHUHQFH�LV�WKH�XVH�RI�WKH�org.apache.hadoop.mapreduce.TaskCounter�HQXP
LQ�WKH�QHZ�$3,��UDWKHU�WKDQ�org.apache.hadoop.mapred.Task.Counter�IURP�WKH�ROG�$3,�

User-Defined Streaming Counters
$�6WUHDPLQJ�0DS5HGXFH�SURJUDP�FDQ�LQFUHPHQW�FRXQWHUV�E\�VHQGLQJ�D�VSHFLDOO\�IRU�
PDWWHG�OLQH�WR�WKH�VWDQGDUG�HUURU�VWUHDP��ZKLFK�LV�FR�RSWHG�DV�D�FRQWURO�FKDQQHO�LQ�WKLV
FDVH��7KH�OLQH�PXVW�KDYH�WKH�IROORZLQJ�IRUPDW�

reporter:counter:group,counter,amount

7KLV�VQLSSHW�LQ�3\WKRQ�VKRZV�KRZ�WR�LQFUHPHQW�WKH�£0LVVLQJ¤�FRXQWHU�LQ�WKH�£7HP�
SHUDWXUH¤�JURXS�E\�RQH�

sys.stderr.write("reporter:counter:Temperature,Missing,1\n")

,Q�D�VLPLODU�ZD\��D�VWDWXV�PHVVDJH�PD\�EH�VHQW�ZLWK�D�OLQH�IRUPDWWHG�OLNH�WKLV�

reporter:status:message

Sorting
7KH�DELOLW\�WR�VRUW�GDWD�LV�DW�WKH�KHDUW�RI�0DS5HGXFH��(YHQ�LI�\RXU�DSSOLFDWLRQ�LVQ¦W
FRQFHUQHG�ZLWK�VRUWLQJ�SHU�VH��LW�PD\�EH�DEOH�WR�XVH�WKH�VRUWLQJ�VWDJH�WKDW�0DS5HGXFH
SURYLGHV� WR�RUJDQL]H� LWV�GDWD�� ,Q� WKLV� VHFWLRQ��ZH� H[DPLQH�GLIIHUHQW�ZD\V�RI� VRUWLQJ
GDWDVHWV�DQG�KRZ�\RX�FDQ�FRQWURO�WKH�VRUW�RUGHU�LQ�0DS5HGXFH��6RUWLQJ�$YUR�GDWD�LV
FRYHUHG�VHSDUDWHO\�LQ�£6RUWLQJ�8VLQJ�$YUR�0DS5HGXFH¤�RQ�SDJH�����

Using the new MapReduce API.

268 | Chapter 8:ಗMapReduce Features



Preparation
:H�DUH� JRLQJ� WR� VRUW� WKH�ZHDWKHU� GDWDVHW� E\� WHPSHUDWXUH�� 6WRULQJ� WHPSHUDWXUHV� DV
Text� REMHFWV� GRHVQ¦W�ZRUN� IRU� VRUWLQJ� SXUSRVHV�� EHFDXVH� VLJQHG� LQWHJHUV� GRQ¦W� VRUW
OH[LFRJUDSKLFDOO\���,QVWHDG��ZH�DUH�JRLQJ�WR�VWRUH�WKH�GDWD�XVLQJ�VHTXHQFH�ILOHV�ZKRVH�
IntWritable�NH\V�UHSUHVHQW�WKH�WHPSHUDWXUH��DQG�VRUW�FRUUHFWO\��DQG�ZKRVH�Text�YDOXHV
DUH�WKH�OLQHV�RI�GDWD�

7KH�0DS5HGXFH� MRE� LQ�([DPSOH����� LV�D�PDS�RQO\� MRE�WKDW�DOVR�ILOWHUV� WKH� LQSXW�WR
UHPRYH�UHFRUGV�WKDW�GRQ¦W�KDYH�D�YDOLG�WHPSHUDWXUH�UHDGLQJ��(DFK�PDS�FUHDWHV�D�VLQJOH
EORFN�FRPSUHVVHG�VHTXHQFH�ILOH�DV�RXWSXW��,W�LV�LQYRNHG�ZLWK�WKH�IROORZLQJ�FRPPDQG�

% hadoop jar hadoop-examples.jar SortDataPreprocessor input/ncdc/all \
  input/ncdc/all-seq

([DPSOH������$�0DS5HGXFH�SURJUDP�IRU�WUDQVIRUPLQJ�WKH�ZHDWKHU�GDWD�LQWR�6HTXHQFH)LOH�IRUPDW

public class SortDataPreprocessor extends Configured implements Tool {
  
  static class CleanerMapper
    extends Mapper<LongWritable, Text, IntWritable, Text> {
  
    private NcdcRecordParser parser = new NcdcRecordParser();
    
    @Override
    protected void map(LongWritable key, Text value, Context context)
        throws IOException, InterruptedException {
      
      parser.parse(value);
      if (parser.isValidTemperature()) {
        context.write(new IntWritable(parser.getAirTemperature()), value);
      }
    }
  }
  
  @Override
  public int run(String[] args) throws Exception {
    Job job = JobBuilder.parseInputAndOutput(this, getConf(), args);
    if (job == null) {
      return -1;
    }

    job.setMapperClass(CleanerMapper.class);
    job.setOutputKeyClass(IntWritable.class);
    job.setOutputValueClass(Text.class);
    job.setNumReduceTasks(0);
    job.setOutputFormatClass(SequenceFileOutputFormat.class);
    SequenceFileOutputFormat.setCompressOutput(job, true);
    SequenceFileOutputFormat.setOutputCompressorClass(job, GzipCodec.class);

�� 2QH�FRPPRQO\�XVHG�ZRUNDURXQG�IRU�WKLV�SUREOHP¢SDUWLFXODUO\�LQ�WH[W�EDVHG�6WUHDPLQJ�DSSOLFDWLRQV¢
LV�WR�DGG�DQ�RIIVHW�WR�HOLPLQDWH�DOO�QHJDWLYH�QXPEHUV�DQG�WR�OHIW�SDG�ZLWK�]HURV�VR�DOO�QXPEHUV�DUH�WKH�VDPH
QXPEHU�RI�FKDUDFWHUV��+RZHYHU��VHH�£6WUHDPLQJ¤�RQ�SDJH�����IRU�DQRWKHU�DSSURDFK�
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    SequenceFileOutputFormat.setOutputCompressionType(job,
        CompressionType.BLOCK);

    return job.waitForCompletion(true) ? 0 : 1;
  }
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(new SortDataPreprocessor(), args);
    System.exit(exitCode);
  }
}

Partial Sort
,Q�£7KH�'HIDXOW�0DS5HGXFH�-RE¤�RQ�SDJH������ZH�VDZ�WKDW��E\�GHIDXOW��0DS5HGXFH
ZLOO�VRUW�LQSXW�UHFRUGV�E\�WKHLU�NH\V��([DPSOH�����LV�D�YDULDWLRQ�IRU�VRUWLQJ�VHTXHQFH
ILOHV�ZLWK�IntWritable�NH\V�

([DPSOH������$�0DS5HGXFH�SURJUDP� IRU� VRUWLQJ�D�6HTXHQFH)LOH�ZLWK� ,QW:ULWDEOH�NH\V�XVLQJ� WKH
GHIDXOW�+DVK3DUWLWLRQHU

public class SortByTemperatureUsingHashPartitioner extends Configured
  implements Tool {
  
  @Override
  public int run(String[] args) throws Exception {
    Job job = JobBuilder.parseInputAndOutput(this, getConf(), args);
    if (job == null) {
      return -1;
    }
    
    job.setInputFormatClass(SequenceFileInputFormat.class);
    job.setOutputKeyClass(IntWritable.class);
    job.setOutputFormatClass(SequenceFileOutputFormat.class);
    SequenceFileOutputFormat.setCompressOutput(job, true);
    SequenceFileOutputFormat.setOutputCompressorClass(job, GzipCodec.class);
    SequenceFileOutputFormat.setOutputCompressionType(job,
        CompressionType.BLOCK);
    
    return job.waitForCompletion(true) ? 0 : 1;
  }
  
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(new SortByTemperatureUsingHashPartitioner(),
        args);
    System.exit(exitCode);
  }
}
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Controlling Sort Order
7KH�VRUW�RUGHU�IRU�NH\V�LV�FRQWUROOHG�E\�D�RawComparator��ZKLFK�LV�IRXQG�DV�IROORZV�

�� ,I�WKH�SURSHUW\�mapred.output.key.comparator.class�LV�VHW��HLWKHU�H[SOLFLWO\�RU�E\
FDOOLQJ�setSortComparatorClass()�RQ�Job��WKHQ�DQ�LQVWDQFH�RI�WKDW�FODVV�LV�XVHG���,Q
WKH�ROG�$3,��WKH�HTXLYDOHQW�PHWKRG�LV�setOutputKeyComparatorClass()�RQ�JobConf��

�� 2WKHUZLVH�� NH\V�PXVW� EH� D� VXEFODVV� RI� WritableComparable�� DQG� WKH� UHJLVWHUHG
FRPSDUDWRU�IRU�WKH�NH\�FODVV�LV�XVHG�

�� ,I�WKHUH�LV�QR�UHJLVWHUHG�FRPSDUDWRU��WKHQ�D�RawComparator�LV�XVHG�WKDW�GHVHULDOL]HV
WKH�E\WH�VWUHDPV�EHLQJ�FRPSDUHG�LQWR�REMHFWV�DQG�GHOHJDWHV�WR�WKH�WritableCompar
able¦V�compareTo()�PHWKRG�

7KHVH�UXOHV�UHLQIRUFH�ZK\�LW¦V�LPSRUWDQW�WR�UHJLVWHU�RSWLPL]HG�YHUVLRQV�RI�RawCompara
torV�IRU�\RXU�RZQ�FXVWRP�Writable�FODVVHV��ZKLFK�LV�FRYHUHG�LQ�£,PSOHPHQWLQJ�D�5DZ�
&RPSDUDWRU�IRU�VSHHG¤�RQ�SDJH�������DQG�DOVR�VKRZ�WKDW�LW¦V�VWUDLJKWIRUZDUG�WR�RYHUULGH
WKH� VRUW� RUGHU� E\� VHWWLQJ� \RXU� RZQ� FRPSDUDWRU� �ZH� GR� WKLV� LQ� £6HFRQGDU\
6RUW¤�RQ�SDJH������

6XSSRVH�ZH�UXQ�WKLV�SURJUDP�XVLQJ����UHGXFHUV��

% hadoop jar hadoop-examples.jar SortByTemperatureUsingHashPartitioner \
  -D mapred.reduce.tasks=30 input/ncdc/all-seq output-hashsort

7KLV�FRPPDQG�SURGXFHV����RXWSXW�ILOHV��HDFK�RI�ZKLFK�LV�VRUWHG��+RZHYHU��WKHUH�LV�QR
HDV\�ZD\�WR�FRPELQH�WKH�ILOHV��E\�FRQFDWHQDWLRQ��IRU�H[DPSOH��LQ�WKH�FDVH�RI�SODLQ�WH[W
ILOHV��WR�SURGXFH�D�JOREDOO\�VRUWHG�ILOH��)RU�PDQ\�DSSOLFDWLRQV��WKLV�GRHVQ¦W�PDWWHU��)RU
H[DPSOH��KDYLQJ�D�SDUWLDOO\�VRUWHG�VHW�RI�ILOHV�LV�ILQH�ZKHQ�\RX�ZDQW�WR�GR�ORRNXSV�

An application: Partitioned MapFile lookups
7R�SHUIRUP�ORRNXSV�E\�NH\��IRU�LQVWDQFH��KDYLQJ�PXOWLSOH�ILOHV�ZRUNV�ZHOO��,I�ZH�FKDQJH
WKH�RXWSXW�IRUPDW�WR�EH�D�MapFileOutputFormat��DV�VKRZQ�LQ�([DPSOH������WKH�RXWSXW
LV����PDS�ILOHV��DJDLQVW�ZKLFK�ZH�FDQ�SHUIRUP�ORRNXSV��

([DPSOH������$�0DS5HGXFH�SURJUDP�IRU�VRUWLQJ�D�6HTXHQFH)LOH�DQG�SURGXFLQJ�0DS)LOHV�DV�RXWSXW

public class SortByTemperatureToMapFile extends Configured implements Tool {
  
  @Override
  public int run(String[] args) throws Exception {
    Job job = JobBuilder.parseInputAndOutput(this, getConf(), args);
    if (job == null) {

�� 6HH�£6RUWLQJ�DQG�PHUJLQJ�6HTXHQFH)LOHV¤�RQ�SDJH�����IRU�KRZ�WR�GR�WKH�VDPH�WKLQJ�XVLQJ�WKH�VRUW�SURJUDP
H[DPSOH�WKDW�FRPHV�ZLWK�+DGRRS�

�� 7KH�QHZ�$3,�YHUVLRQ�RI�MapFileOutputFormat�LV�QRW�DYDLODEOH�LQ�WKH�+DGRRS���[�UHOHDVH�VHULHV�DW�WKH�WLPH
RI�WKLV�ZULWLQJ��(TXLYDOHQW�ROG�$3,�FRGH�IRU�WKH�H[DPSOHV�LQ�WKLV�VHFWLRQ�FDQ�EH�IRXQG�RQ�WKLV�ERRN¦V
ZHEVLWH�
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      return -1;
    }
    
    job.setInputFormatClass(SequenceFileInputFormat.class);
    job.setOutputKeyClass(IntWritable.class);
    job.setOutputFormatClass(MapFileOutputFormat.class);
    SequenceFileOutputFormat.setCompressOutput(job, true);
    SequenceFileOutputFormat.setOutputCompressorClass(job, GzipCodec.class);
    SequenceFileOutputFormat.setOutputCompressionType(job,
        CompressionType.BLOCK);

    return job.waitForCompletion(true) ? 0 : 1;
  }
  
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(new SortByTemperatureToMapFile(), args);
    System.exit(exitCode);
  }
}

MapFileOutputFormat� SURYLGHV� D� SDLU� RI� FRQYHQLHQFH� VWDWLF�PHWKRGV� IRU� SHUIRUPLQJ
ORRNXSV�DJDLQVW�0DS5HGXFH�RXWSXW��WKHLU�XVH�LV�VKRZQ�LQ�([DPSOH�����

([DPSOH������5HWULHYH�WKH�ILUVW�HQWU\�ZLWK�D�JLYHQ�NH\�IURP�D�FROOHFWLRQ�RI�0DS)LOHV

public class LookupRecordByTemperature extends Configured implements Tool {
  
  @Override
  public int run(String[] args) throws Exception {
    if (args.length != 2) {
      JobBuilder.printUsage(this, "<path> <key>");
      return -1;
    }
    Path path = new Path(args[0]);
    IntWritable key = new IntWritable(Integer.parseInt(args[1]));
    
    Reader[] readers = MapFileOutputFormat.getReaders(path, getConf());
    Partitioner<IntWritable, Text> partitioner =
      new HashPartitioner<IntWritable, Text>();
    Text val = new Text();
    Writable entry =
      MapFileOutputFormat.getEntry(readers, partitioner, key, val);
    if (entry == null) {
      System.err.println("Key not found: " + key);
      return -1;
    }
    NcdcRecordParser parser = new NcdcRecordParser();
    parser.parse(val.toString());
    System.out.printf("%s\t%s\n", parser.getStationId(), parser.getYear());
    return 0;
  }
  
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(new LookupRecordByTemperature(), args);
    System.exit(exitCode);
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  }
}

7KH�getReaders()�PHWKRG�RSHQV�D�MapFile.Reader�IRU�HDFK�RI�WKH�RXWSXW�ILOHV�FUHDWHG
E\�WKH�0DS5HGXFH�MRE��7KH�getEntry()�PHWKRG�WKHQ�XVHV�WKH�SDUWLWLRQHU�WR�FKRRVH�WKH
UHDGHU�IRU�WKH�NH\�DQG�ILQGV�WKH�YDOXH�IRU�WKDW�NH\�E\�FDOOLQJ�Reader¦V�get()�PHWKRG��,I�
getEntry()�UHWXUQV�null��LW�PHDQV�QR�PDWFKLQJ�NH\�ZDV�IRXQG��2WKHUZLVH��LW�UHWXUQV
WKH�YDOXH��ZKLFK�ZH�WUDQVODWH�LQWR�D�VWDWLRQ�,'�DQG�\HDU�

7R�VHH�WKLV�LQ�DFWLRQ��OHW¦V�ILQG�WKH�ILUVW�HQWU\�IRU�D�WHPSHUDWXUH�RI�¡���&��UHPHPEHU
WKDW�WHPSHUDWXUHV�DUH�VWRUHG�DV�LQWHJHUV�UHSUHVHQWLQJ�WHQWKV�RI�D�GHJUHH��ZKLFK�LV�ZK\
ZH�DVN�IRU�D�WHPSHUDWXUH�RI�–100��

% hadoop jar hadoop-examples.jar LookupRecordByTemperature output-hashmapsort -100
357460-99999    1956

:H�FDQ�DOVR�XVH�WKH�UHDGHUV�GLUHFWO\�WR�JHW�DOO�WKH�UHFRUGV�IRU�D�JLYHQ�NH\��7KH�DUUD\�RI
UHDGHUV�WKDW�LV�UHWXUQHG�LV�RUGHUHG�E\�SDUWLWLRQ��VR�WKDW�WKH�UHDGHU�IRU�D�JLYHQ�NH\�PD\
EH�IRXQG�XVLQJ�WKH�VDPH�SDUWLWLRQHU�WKDW�ZDV�XVHG�LQ�WKH�0DS5HGXFH�MRE�

    Reader reader = readers[partitioner.getPartition(key, val, readers.length)];

2QFH�ZH�KDYH�WKH�UHDGHU��ZH�JHW�WKH�ILUVW�NH\�XVLQJ�MapFile¦V�get()�PHWKRG��WKHQ�UH�
SHDWHGO\�FDOO�next()�WR�UHWULHYH�WKH�QH[W�NH\�DQG�YDOXH�XQWLO�WKH�NH\�FKDQJHV��$�SURJUDP
WR�GR�WKLV�LV�VKRZQ�LQ�([DPSOH�����

([DPSOH������5HWULHYH�DOO�HQWULHV�ZLWK�D�JLYHQ�NH\�IURP�D�FROOHFWLRQ�RI�0DS)LOHV

public class LookupRecordsByTemperature extends Configured implements Tool {

  @Override
  public int run(String[] args) throws Exception {
    if (args.length != 2) {
      JobBuilder.printUsage(this, "<path> <key>");
      return -1;
    }
    Path path = new Path(args[0]);
    IntWritable key = new IntWritable(Integer.parseInt(args[1]));
    
    Reader[] readers = MapFileOutputFormat.getReaders(path, getConf());
    Partitioner<IntWritable, Text> partitioner =
      new HashPartitioner<IntWritable, Text>();
    Text val = new Text();
    
    Reader reader = readers[partitioner.getPartition(key, val, readers.length)];
    Writable entry = reader.get(key, val);
    if (entry == null) {
      System.err.println("Key not found: " + key);
      return -1;
    }
    NcdcRecordParser parser = new NcdcRecordParser();
    IntWritable nextKey = new IntWritable();
    do {
      parser.parse(val.toString());
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      System.out.printf("%s\t%s\n", parser.getStationId(), parser.getYear());
    } while(reader.next(nextKey, val) && key.equals(nextKey));
    return 0;
  }
  
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(new LookupRecordsByTemperature(), args);
    System.exit(exitCode);
  }
}

$QG�KHUH�LV�D�VDPSOH�UXQ�WR�UHWULHYH�DOO�UHDGLQJV�RI�¡���&�DQG�FRXQW�WKHP�

% hadoop jar hadoop-examples.jar LookupRecordsByTemperature output-hashmapsort -100 \
  2> /dev/null | wc -l
1489272

Total Sort
+RZ�FDQ�\RX�SURGXFH�D�JOREDOO\�VRUWHG�ILOH�XVLQJ�+DGRRS"�7KH�QDLYH�DQVZHU�LV�WR�XVH
D�VLQJOH�SDUWLWLRQ���%XW�WKLV�LV�LQFUHGLEO\�LQHIILFLHQW�IRU�ODUJH�ILOHV�EHFDXVH�RQH�PDFKLQH
KDV�WR�SURFHVV�DOO�RI�WKH�RXWSXW��VR�\RX�DUH�WKURZLQJ�DZD\�WKH�EHQHILWV�RI�WKH�SDUDOOHO
DUFKLWHFWXUH�WKDW�0DS5HGXFH�SURYLGHV�

,QVWHDG��LW�LV�SRVVLEOH�WR�SURGXFH�D�VHW�RI�VRUWHG�ILOHV�WKDW��LI�FRQFDWHQDWHG��ZRXOG�IRUP
D�JOREDOO\�VRUWHG�ILOH��7KH�VHFUHW�WR�GRLQJ�WKLV�LV�WR�XVH�D�SDUWLWLRQHU�WKDW�UHVSHFWV�WKH
WRWDO�RUGHU�RI�WKH�RXWSXW��)RU�H[DPSOH��LI�ZH�KDG�IRXU�SDUWLWLRQV��ZH�FRXOG�SXW�NH\V�IRU
WHPSHUDWXUHV�OHVV�WKDQ�¡���&�LQ�WKH�ILUVW�SDUWLWLRQ��WKRVH�EHWZHHQ�¡���&�DQG���&�LQ�WKH
VHFRQG��WKRVH�EHWZHHQ���&�DQG����&�LQ�WKH�WKLUG��DQG�WKRVH�RYHU����&�LQ�WKH�IRXUWK�

$OWKRXJK�WKLV�DSSURDFK�ZRUNV��\RX�KDYH�WR�FKRRVH�\RXU�SDUWLWLRQ�VL]HV�FDUHIXOO\� WR
HQVXUH�WKDW�WKH\�DUH�IDLUO\�HYHQ��VR�MRE�WLPHV�DUHQ¦W�GRPLQDWHG�E\�D�VLQJOH�UHGXFHU��)RU
WKH�SDUWLWLRQLQJ�VFKHPH�MXVW�GHVFULEHG��WKH�UHODWLYH�VL]HV�RI�WKH�SDUWLWLRQV�DUH�DV�IROORZV�

Temperature range < –10°C [–10°C, 0°C) [0°C, 10°C) >= 10°C

Proportion of records 11% 13% 17% 59%

7KHVH�SDUWLWLRQV�DUH�QRW�YHU\�HYHQ��7R�FRQVWUXFW�PRUH�HYHQ�SDUWLWLRQV��ZH�QHHG�WR�KDYH
D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�WHPSHUDWXUH�GLVWULEXWLRQ�IRU�WKH�ZKROH�GDWDVHW��,W¦V�IDLUO\
HDV\�WR�ZULWH�D�0DS5HGXFH�MRE�WR�FRXQW�WKH�QXPEHU�RI�UHFRUGV�WKDW�IDOO�LQWR�D�FROOHFWLRQ
RI�WHPSHUDWXUH�EXFNHWV��)RU�H[DPSOH��)LJXUH�����VKRZV�WKH�GLVWULEXWLRQ�IRU�EXFNHWV�RI
VL]H���&��ZKHUH�HDFK�SRLQW�RQ�WKH�SORW�FRUUHVSRQGV�WR�RQH�EXFNHW�

�� $� EHWWHU� DQVZHU� LV� WR� XVH� 3LJ� �£6RUWLQJ� 'DWD¤� RQ� SDJH� ����� RU� +LYH� �£6RUWLQJ� DQG
$JJUHJDWLQJ¤�RQ�SDJH�������ERWK�RI�ZKLFK�FDQ�VRUW�ZLWK�D�VLQJOH�FRPPDQG�
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)LJXUH������7HPSHUDWXUH�GLVWULEXWLRQ�IRU�WKH�ZHDWKHU�GDWDVHW

$OWKRXJK�ZH�FRXOG�XVH�WKLV�LQIRUPDWLRQ�WR�FRQVWUXFW�D�YHU\�HYHQ�VHW�RI�SDUWLWLRQV��WKH
IDFW�WKDW�ZH�QHHGHG�WR�UXQ�D�MRE�WKDW�XVHG�WKH�HQWLUH�GDWDVHW�WR�FRQVWUXFW�WKHP�LV�QRW
LGHDO��,W¦V�SRVVLEOH�WR�JHW�D�IDLUO\�HYHQ�VHW�RI�SDUWLWLRQV�E\�VDPSOLQJ�WKH�NH\�VSDFH��7KH
LGHD�EHKLQG�VDPSOLQJ�LV�WKDW�\RX�ORRN�DW�D�VPDOO�VXEVHW�RI�WKH�NH\V�WR�DSSUR[LPDWH�WKH
NH\�GLVWULEXWLRQ��ZKLFK�LV�WKHQ�XVHG�WR�FRQVWUXFW�SDUWLWLRQV��/XFNLO\��ZH�GRQ¦W�KDYH�WR
ZULWH�WKH�FRGH�WR�GR�WKLV�RXUVHOYHV��DV�+DGRRS�FRPHV�ZLWK�D�VHOHFWLRQ�RI�VDPSOHUV�

7KH� InputSampler� FODVV� GHILQHV� D� QHVWHG� Sampler� LQWHUIDFH� ZKRVH� LPSOHPHQWDWLRQV
UHWXUQ�D�VDPSOH�RI�NH\V�JLYHQ�DQ�InputFormat�DQG�Job�

public interface Sampler<K, V> {
  K[] getSample(InputFormat<K, V> inf, Job job)
      throws IOException, InterruptedException;
}

7KLV� LQWHUIDFH� XVXDOO\� LV� QRW� FDOOHG� GLUHFWO\� E\� FOLHQWV�� ,QVWHDG�� WKH� writePartition
File()�VWDWLF�PHWKRG�RQ�InputSampler�LV�XVHG��ZKLFK�FUHDWHV�D�VHTXHQFH�ILOH�WR�VWRUH�WKH
NH\V�WKDW�GHILQH�WKH�SDUWLWLRQV�

public static <K, V> void writePartitionFile(Job job, Sampler<K, V> sampler) 
      throws IOException, ClassNotFoundException, InterruptedException

7KH�VHTXHQFH�ILOH�LV�XVHG�E\�TotalOrderPartitioner�WR�FUHDWH�SDUWLWLRQV�IRU�WKH�VRUW�MRE�
([DPSOH�����SXWV�LW�DOO�WRJHWKHU�

Sorting | 275



([DPSOH������$�0DS5HGXFH�SURJUDP� IRU� VRUWLQJ�D�6HTXHQFH)LOH�ZLWK� ,QW:ULWDEOH�NH\V�XVLQJ� WKH
7RWDO2UGHU3DUWLWLRQHU�WR�JOREDOO\�VRUW�WKH�GDWD

public class SortByTemperatureUsingTotalOrderPartitioner extends Configured
  implements Tool {
  
  @Override
  public int run(String[] args) throws Exception {
    Job job = JobBuilder.parseInputAndOutput(this, getConf(), args);
    if (job == null) {
      return -1;
    }
    
    job.setInputFormatClass(SequenceFileInputFormat.class);
    job.setOutputKeyClass(IntWritable.class);
    job.setOutputFormatClass(SequenceFileOutputFormat.class);
    SequenceFileOutputFormat.setCompressOutput(job, true);
    SequenceFileOutputFormat.setOutputCompressorClass(job, GzipCodec.class);
    SequenceFileOutputFormat.setOutputCompressionType(job,
        CompressionType.BLOCK);

    job.setPartitionerClass(TotalOrderPartitioner.class);

    InputSampler.Sampler<IntWritable, Text> sampler =
      new InputSampler.RandomSampler<IntWritable, Text>(0.1, 10000, 10);
    
    InputSampler.writePartitionFile(job, sampler);

    // Add to DistributedCache
    Configuration conf = job.getConfiguration();
    String partitionFile =TotalOrderPartitioner.getPartitionFile(conf);
    URI partitionUri = new URI(partitionFile + "#" +
        TotalOrderPartitioner.DEFAULT_PATH);
    DistributedCache.addCacheFile(partitionUri, conf);
    DistributedCache.createSymlink(conf);

    return job.waitForCompletion(true) ? 0 : 1;
  }
  
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(
        new SortByTemperatureUsingTotalOrderPartitioner(), args);
    System.exit(exitCode);
  }
}

:H�XVH�D�RandomSampler��ZKLFK�FKRRVHV�NH\V�ZLWK�D�XQLIRUP�SUREDELOLW\¢KHUH������
7KHUH�DUH�DOVR�SDUDPHWHUV�IRU�WKH�PD[LPXP�QXPEHU�RI�VDPSOHV�WR�WDNH�DQG�WKH�PD[L�
PXP�QXPEHU�RI�VSOLWV�WR�VDPSOH��KHUH���������DQG�����UHVSHFWLYHO\��WKHVH�VHWWLQJV�DUH
WKH�GHIDXOWV�ZKHQ�InputSampler�LV�UXQ�DV�DQ�DSSOLFDWLRQ���DQG�WKH�VDPSOHU�VWRSV�ZKHQ
WKH�ILUVW�RI�WKHVH�OLPLWV�LV�PHW��6DPSOHUV�UXQ�RQ�WKH�FOLHQW��PDNLQJ�LW�LPSRUWDQW�WR�OLPLW
WKH�QXPEHU�RI�VSOLWV�WKDW�DUH�GRZQORDGHG�VR�WKH�VDPSOHU�UXQV�TXLFNO\��,Q�SUDFWLFH��WKH
WLPH�WDNHQ�WR�UXQ�WKH�VDPSOHU�LV�D�VPDOO�IUDFWLRQ�RI�WKH�RYHUDOO�MRE�WLPH�

276 | Chapter 8:ಗMapReduce Features



7KH�InputSampler�ZULWHV�D�SDUWLWLRQ�ILOH�WKDW�ZH�QHHG�WR�VKDUH�ZLWK�WKH�WDVNV�UXQQLQJ
RQ� WKH� FOXVWHU� E\� DGGLQJ� LW� WR� WKH� GLVWULEXWHG� FDFKH� �VHH� £'LVWULEXWHG
&DFKH¤�RQ�SDJH������

2Q�RQH�UXQ��WKH�VDPSOHU�FKRVH�¡����&�������&��DQG������&�DV�SDUWLWLRQ�ERXQGDULHV��IRU
IRXU�SDUWLWLRQV���ZKLFK�WUDQVODWHV�LQWR�PRUH�HYHQ�SDUWLWLRQ�VL]HV�WKDQ�WKH�HDUOLHU�FKRLFH�

Temperature range < –5.6°C [–5.6°C, 13.9°C) [13.9°C, 22.0°C) >= 22.0°C

Proportion of records 29% 24% 23% 24%

<RXU�LQSXW�GDWD�GHWHUPLQHV�WKH�EHVW�VDPSOHU�WR�XVH��)RU�H[DPSOH��SplitSampler��ZKLFK
VDPSOHV�RQO\�WKH�ILUVW�Q�UHFRUGV�LQ�D�VSOLW��LV�QRW�VR�JRRG�IRU�VRUWHG�GDWD���EHFDXVH�LW
GRHVQ¦W�VHOHFW�NH\V�IURP�WKURXJKRXW�WKH�VSOLW�

2Q�WKH�RWKHU�KDQG��IntervalSampler�FKRRVHV�NH\V�DW�UHJXODU�LQWHUYDOV�WKURXJK�WKH�VSOLW
DQG�PDNHV�D�EHWWHU�FKRLFH�IRU�VRUWHG�GDWD��RandomSampler� LV�D�JRRG�JHQHUDO�SXUSRVH
VDPSOHU��,I�QRQH�RI�WKHVH�VXLWV�\RXU�DSSOLFDWLRQ��DQG�UHPHPEHU�WKDW�WKH�SRLQW�RI�VDP�
SOLQJ�LV�WR�SURGXFH�SDUWLWLRQV�WKDW�DUH�DSSUR[LPDWHO\�HTXDO�LQ�VL]H���\RX�FDQ�ZULWH�\RXU
RZQ�LPSOHPHQWDWLRQ�RI�WKH�Sampler�LQWHUIDFH�

2QH�RI�WKH�QLFH�SURSHUWLHV�RI�InputSampler�DQG�TotalOrderPartitioner�LV�WKDW�\RX�DUH
IUHH�WR�FKRRVH�WKH�QXPEHU�RI�SDUWLWLRQV��7KLV�FKRLFH�LV�QRUPDOO\�GULYHQ�E\�WKH�QXPEHU
RI�UHGXFHU�VORWV�LQ�\RXU�FOXVWHU��FKRRVH�D�QXPEHU�VOLJKWO\�IHZHU�WKDQ�WKH�WRWDO��WR�DOORZ
IRU� IDLOXUHV��� +RZHYHU�� TotalOrderPartitioner� ZLOO� ZRUN� RQO\� LI� WKH� SDUWLWLRQ
ERXQGDULHV�DUH�GLVWLQFW��2QH�SUREOHP�ZLWK�FKRRVLQJ�D�KLJK�QXPEHU�LV�WKDW�\RX�PD\�JHW
FROOLVLRQV�LI�\RX�KDYH�D�VPDOO�NH\�VSDFH�

+HUH¦V�KRZ�ZH�UXQ�LW�

% hadoop jar hadoop-examples.jar SortByTemperatureUsingTotalOrderPartitioner \
  -D mapred.reduce.tasks=30 input/ncdc/all-seq output-totalsort

7KH�SURJUDP�SURGXFHV����RXWSXW�SDUWLWLRQV��HDFK�RI�ZKLFK�LV�LQWHUQDOO\�VRUWHG��LQ�DG�
GLWLRQ��IRU�WKHVH�SDUWLWLRQV��DOO�WKH�NH\V�LQ�SDUWLWLRQ�L�DUH�OHVV�WKDQ�WKH�NH\V�LQ�SDUWLWLRQ
L�����

Secondary Sort
7KH�0DS5HGXFH�IUDPHZRUN�VRUWV�WKH�UHFRUGV�E\�NH\�EHIRUH�WKH\�UHDFK�WKH�UHGXFHUV�
)RU�DQ\�SDUWLFXODU�NH\��KRZHYHU��WKH�YDOXHV�DUH�QRW�VRUWHG��7KH�RUGHU�LQ�ZKLFK�WKH�YDOXHV
DSSHDU�LV�QRW�HYHQ�VWDEOH�IURP�RQH�UXQ�WR�WKH�QH[W��EHFDXVH�WKH\�FRPH�IURP�GLIIHUHQW
PDS�WDVNV��ZKLFK�PD\�ILQLVK�DW�GLIIHUHQW�WLPHV�IURP�UXQ�WR�UXQ��*HQHUDOO\�VSHDNLQJ�
PRVW�0DS5HGXFH�SURJUDPV�DUH�ZULWWHQ�VR�DV�QRW�WR�GHSHQG�RQ�WKH�RUGHU�LQ�ZKLFK�WKH

�� ,Q�VRPH�DSSOLFDWLRQV��LW¦V�FRPPRQ�IRU�VRPH�RI�WKH�LQSXW�WR�DOUHDG\�EH�VRUWHG��RU�DW�OHDVW�SDUWLDOO\�VRUWHG�
)RU�H[DPSOH��WKH�ZHDWKHU�GDWDVHW�LV�RUGHUHG�E\�WLPH��ZKLFK�PD\�LQWURGXFH�FHUWDLQ�ELDVHV��PDNLQJ�WKH�
RandomSampler�D�VDIHU�FKRLFH�
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YDOXHV�DSSHDU�WR�WKH�UHGXFH�IXQFWLRQ��+RZHYHU��LW�LV�SRVVLEOH�WR�LPSRVH�DQ�RUGHU�RQ�WKH
YDOXHV�E\�VRUWLQJ�DQG�JURXSLQJ�WKH�NH\V�LQ�D�SDUWLFXODU�ZD\�

7R�LOOXVWUDWH�WKH�LGHD��FRQVLGHU�WKH�0DS5HGXFH�SURJUDP�IRU�FDOFXODWLQJ�WKH�PD[LPXP
WHPSHUDWXUH�IRU�HDFK�\HDU��,I�ZH�DUUDQJHG�IRU�WKH�YDOXHV��WHPSHUDWXUHV��WR�EH�VRUWHG�LQ
GHVFHQGLQJ�RUGHU��ZH�ZRXOGQ¦W�KDYH�WR�LWHUDWH�WKURXJK�WKHP�WR�ILQG�WKH�PD[LPXP�
LQVWHDG��ZH�FRXOG�WDNH�WKH�ILUVW�IRU�HDFK�\HDU�DQG�LJQRUH�WKH�UHVW���7KLV�DSSURDFK�LVQ¦W
WKH�PRVW�HIILFLHQW�ZD\�WR�VROYH�WKLV�SDUWLFXODU�SUREOHP��EXW�LW�LOOXVWUDWHV�KRZ�VHFRQGDU\
VRUW�ZRUNV�LQ�JHQHUDO��

7R� DFKLHYH� WKLV�� ZH� FKDQJH� RXU� NH\V� WR� EH� FRPSRVLWH�� D� FRPELQDWLRQ� RI� \HDU� DQG
WHPSHUDWXUH��:H�ZDQW�WKH�VRUW�RUGHU�IRU�NH\V�WR�EH�E\�\HDU��DVFHQGLQJ��DQG�WKHQ�E\
WHPSHUDWXUH��GHVFHQGLQJ��

1900 35°C
1900 34°C
1900 34°C
...
1901 36°C
1901 35°C

,I�DOO�ZH�GLG�ZDV�FKDQJH�WKH�NH\��WKLV�ZRXOGQ¦W�KHOS��EHFDXVH�WKHQ�UHFRUGV�IRU�WKH�VDPH
\HDU�ZRXOG�KDYH�GLIIHUHQW�NH\V�DQG�WKHUHIRUH�ZRXOG�QRW��LQ�JHQHUDO��JR�WR�WKH�VDPH
UHGXFHU��)RU�H[DPSOH������������&��DQG�����������&��FRXOG�JR�WR�GLIIHUHQW�UHGXFHUV�
%\�VHWWLQJ�D�SDUWLWLRQHU�WR�SDUWLWLRQ�E\�WKH�\HDU�SDUW�RI�WKH�NH\��ZH�FDQ�JXDUDQWHH�WKDW
UHFRUGV�IRU�WKH�VDPH�\HDU�JR�WR�WKH�VDPH�UHGXFHU��7KLV�VWLOO�LVQ¦W�HQRXJK�WR�DFKLHYH�RXU
JRDO��KRZHYHU��$�SDUWLWLRQHU�HQVXUHV�RQO\�WKDW�RQH�UHGXFHU�UHFHLYHV�DOO�WKH�UHFRUGV�IRU
D�\HDU��LW�GRHVQ¦W�FKDQJH�WKH�IDFW�WKDW�WKH�UHGXFHU�JURXSV�E\�NH\�ZLWKLQ�WKH�SDUWLWLRQ�

7KH�ILQDO�SLHFH�RI�WKH�SX]]OH�LV�WKH�VHWWLQJ�WR�FRQWURO�WKH�JURXSLQJ��,I�ZH�JURXS�YDOXHV
LQ�WKH�UHGXFHU�E\�WKH�\HDU�SDUW�RI�WKH�NH\��ZH�ZLOO�VHH�DOO�WKH�UHFRUGV�IRU�WKH�VDPH�\HDU
LQ�RQH�UHGXFH�JURXS��$QG�EHFDXVH�WKH\�DUH�VRUWHG�E\�WHPSHUDWXUH�LQ�GHVFHQGLQJ�RUGHU�
WKH�ILUVW�LV�WKH�PD[LPXP�WHPSHUDWXUH�
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7R�VXPPDUL]H��WKHUH�LV�D�UHFLSH�KHUH�WR�JHW�WKH�HIIHFW�RI�VRUWLQJ�E\�YDOXH�

� 0DNH�WKH�NH\�D�FRPSRVLWH�RI�WKH�QDWXUDO�NH\�DQG�WKH�QDWXUDO�YDOXH�

� 7KH�VRUW�FRPSDUDWRU�VKRXOG�RUGHU�E\�WKH�FRPSRVLWH�NH\��WKDW�LV��WKH�QDWXUDO�NH\
DQG�QDWXUDO�YDOXH�

� 7KH�SDUWLWLRQHU�DQG�JURXSLQJ�FRPSDUDWRU�IRU�WKH�FRPSRVLWH�NH\�VKRXOG�FRQVLGHU
RQO\�WKH�QDWXUDO�NH\�IRU�SDUWLWLRQLQJ�DQG�JURXSLQJ�

Java code
3XWWLQJ�WKLV�DOO�WRJHWKHU�UHVXOWV�LQ�WKH�FRGH�LQ�([DPSOH������7KLV�SURJUDP�XVHV�WKH�SODLQ�
WH[W�LQSXW�DJDLQ�

([DPSOH������$SSOLFDWLRQ�WR�ILQG�WKH�PD[LPXP�WHPSHUDWXUH�E\�VRUWLQJ�WHPSHUDWXUHV�LQ�WKH�NH\

public class MaxTemperatureUsingSecondarySort
  extends Configured implements Tool {
  
  static class MaxTemperatureMapper
    extends Mapper<LongWritable, Text, IntPair, NullWritable> {
  
    private NcdcRecordParser parser = new NcdcRecordParser();
    
    @Override
    protected void map(LongWritable key, Text value,
        Context context) throws IOException, InterruptedException {
      
      parser.parse(value);
      if (parser.isValidTemperature()) {
        context.write(new IntPair(parser.getYearInt(),
            parser.getAirTemperature()), NullWritable.get());
      }
    }
  }
  
  static class MaxTemperatureReducer
    extends Reducer<IntPair, NullWritable, IntPair, NullWritable> {
  
    @Override
    protected void reduce(IntPair key, Iterable<NullWritable> values,
        Context context) throws IOException, InterruptedException {
      
      context.write(key, NullWritable.get());
    }
  }
  
  public static class FirstPartitioner
    extends Partitioner<IntPair, NullWritable> {

    @Override
    public int getPartition(IntPair key, NullWritable value, int numPartitions) {
      // multiply by 127 to perform some mixing
      return Math.abs(key.getFirst() * 127) % numPartitions;
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    }
  }
  
  public static class KeyComparator extends WritableComparator {
    protected KeyComparator() {
      super(IntPair.class, true);
    }
    @Override
    public int compare(WritableComparable w1, WritableComparable w2) {
      IntPair ip1 = (IntPair) w1;
      IntPair ip2 = (IntPair) w2;
      int cmp = IntPair.compare(ip1.getFirst(), ip2.getFirst());
      if (cmp != 0) {
        return cmp;
      }
      return -IntPair.compare(ip1.getSecond(), ip2.getSecond()); //reverse
    }
  }
  
  public static class GroupComparator extends WritableComparator {
    protected GroupComparator() {
      super(IntPair.class, true);
    }
    @Override
    public int compare(WritableComparable w1, WritableComparable w2) {
      IntPair ip1 = (IntPair) w1;
      IntPair ip2 = (IntPair) w2;
      return IntPair.compare(ip1.getFirst(), ip2.getFirst());
    }
  }

  @Override
  public int run(String[] args) throws Exception {
    Job job = JobBuilder.parseInputAndOutput(this, getConf(), args);
    if (job == null) {
      return -1;
    }
    
    job.setMapperClass(MaxTemperatureMapper.class);
    job.setPartitionerClass(FirstPartitioner.class);
    job.setSortComparatorClass(KeyComparator.class);
    job.setGroupingComparatorClass(GroupComparator.class);
    job.setReducerClass(MaxTemperatureReducer.class);
    job.setOutputKeyClass(IntPair.class);
    job.setOutputValueClass(NullWritable.class);
    
    return job.waitForCompletion(true) ? 0 : 1;
  }
  
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(new MaxTemperatureUsingSecondarySort(), args);
    System.exit(exitCode);
  }
}
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,Q�WKH�PDSSHU��ZH�FUHDWH�D�NH\�UHSUHVHQWLQJ�WKH�\HDU�DQG�WHPSHUDWXUH��XVLQJ�DQ�IntPair
Writable�LPSOHPHQWDWLRQ���IntPair�LV�OLNH�WKH�TextPair�FODVV�ZH�GHYHORSHG�LQ�£,PSOH�
PHQWLQJ�D�&XVWRP�:ULWDEOH¤�RQ�SDJH�������:H�GRQ¦W�QHHG�WR�FDUU\�DQ\�LQIRUPDWLRQ�LQ
WKH�YDOXH��EHFDXVH�ZH�FDQ�JHW�WKH�ILUVW��PD[LPXP��WHPSHUDWXUH�LQ�WKH�UHGXFHU�IURP�WKH
NH\��VR�ZH�XVH�D�NullWritable��7KH�UHGXFHU�HPLWV�WKH�ILUVW�NH\��ZKLFK�GXH�WR�WKH�VHF�
RQGDU\�VRUWLQJ��LV�DQ�IntPair� IRU�WKH�\HDU�DQG�LWV�PD[LPXP�WHPSHUDWXUH��IntPair¦V�
toString()�PHWKRG�FUHDWHV�D�WDE�VHSDUDWHG�VWULQJ��VR�WKH�RXWSXW�LV�D�VHW�RI�WDE�VHSDUDWHG
\HDU�WHPSHUDWXUH�SDLUV�

0DQ\�DSSOLFDWLRQV�QHHG�WR�DFFHVV�DOO�WKH�VRUWHG�YDOXHV��QRW�MXVW�WKH�ILUVW
YDOXH�DV�ZH�KDYH�SURYLGHG�KHUH��7R�GR�WKLV��\RX�QHHG�WR�SRSXODWH�WKH
YDOXH�ILHOGV�VLQFH�LQ�WKH�UHGXFHU�\RX�FDQ�UHWULHYH�RQO\�WKH�ILUVW�NH\��7KLV
QHFHVVLWDWHV�VRPH�XQDYRLGDEOH�GXSOLFDWLRQ�RI�LQIRUPDWLRQ�EHWZHHQ�NH\
DQG�YDOXH�

:H�VHW�WKH�SDUWLWLRQHU�WR�SDUWLWLRQ�E\�WKH�ILUVW�ILHOG�RI�WKH�NH\��WKH�\HDU��XVLQJ�D�FXVWRP
SDUWLWLRQHU�FDOOHG�FirstPartitioner��7R�VRUW�NH\V�E\�\HDU��DVFHQGLQJ��DQG�WHPSHUDWXUH
�GHVFHQGLQJ���ZH�XVH�D�FXVWRP�VRUW�FRPSDUDWRU��XVLQJ�setSortComparatorClass()��WKDW
H[WUDFWV�WKH�ILHOGV�DQG�SHUIRUPV�WKH�DSSURSULDWH�FRPSDULVRQV��6LPLODUO\��WR�JURXS�NH\V
E\�\HDU��ZH�VHW�D�FXVWRP�FRPSDUDWRU��XVLQJ�setGroupingComparatorClass()��WR�H[WUDFW
WKH�ILUVW�ILHOG�RI�WKH�NH\�IRU�FRPSDULVRQ��

5XQQLQJ�WKLV�SURJUDP�JLYHV�WKH�PD[LPXP�WHPSHUDWXUHV�IRU�HDFK�\HDU�

% hadoop jar hadoop-examples.jar MaxTemperatureUsingSecondarySort input/ncdc/all \
> output-secondarysort
% hadoop fs -cat output-secondarysort/part-* | sort | head
1901    317
1902    244
1903    289
1904    256
1905    283
1906    294
1907    283
1908    289
1909    278
1910    294

Streaming
7R�GR�D�VHFRQGDU\�VRUW�LQ�6WUHDPLQJ��ZH�FDQ�WDNH�DGYDQWDJH�RI�D�FRXSOH�RI�OLEUDU\�FODVVHV
WKDW�+DGRRS�SURYLGHV��+HUH¦V�WKH�GULYHU�WKDW�ZH�FDQ�XVH�WR�GR�D�VHFRQGDU\�VRUW�

hadoop jar $HADOOP_INSTALL/contrib/streaming/hadoop-*-streaming.jar \
  -D stream.num.map.output.key.fields=2 \
  -D mapred.text.key.partitioner.options=-k1,1 \

�� )RU� VLPSOLFLW\�� WKHVH� FXVWRP� FRPSDUDWRUV� DV� VKRZQ� DUH� QRW� RSWLPL]HG�� VHH� £,PSOHPHQWLQJ� D
5DZ&RPSDUDWRU�IRU�VSHHG¤�RQ�SDJH�����IRU�WKH�VWHSV�ZH�ZRXOG�QHHG�WR�WDNH�WR�PDNH�WKHP�IDVWHU�
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  -D mapred.output.key.comparator.class=\
org.apache.hadoop.mapred.lib.KeyFieldBasedComparator \
  -D mapred.text.key.comparator.options="-k1n -k2nr" \
  -input input/ncdc/all \
  -output output_secondarysort_streaming \
  -mapper ch08/src/main/python/secondary_sort_map.py \
  -partitioner org.apache.hadoop.mapred.lib.KeyFieldBasedPartitioner \
  -reducer ch08/src/main/python/secondary_sort_reduce.py \
  -file ch08/src/main/python/secondary_sort_map.py \
  -file ch08/src/main/python/secondary_sort_reduce.py

2XU�PDS�IXQFWLRQ��([DPSOH�������HPLWV�UHFRUGV�ZLWK�\HDU�DQG�WHPSHUDWXUH�ILHOGV��:H
ZDQW� WR� WUHDW� WKH� FRPELQDWLRQ� RI� ERWK� RI� WKHVH� ILHOGV� DV� WKH� NH\�� VR� ZH� VHW�
stream.num.map.output.key.fields�WR����7KLV�PHDQV�WKDW�YDOXHV�ZLOO�EH�HPSW\��MXVW�OLNH
LQ�WKH�-DYD�FDVH�

([DPSOH�������0DS�IXQFWLRQ�IRU�VHFRQGDU\�VRUW�LQ�3\WKRQ

#!/usr/bin/env python

import re
import sys

for line in sys.stdin:
  val = line.strip()
  (year, temp, q) = (val[15:19], int(val[87:92]), val[92:93])
  if temp == 9999:
    sys.stderr.write("reporter:counter:Temperature,Missing,1\n")
  elif re.match("[01459]", q):
    print "%s\t%s" % (year, temp)

+RZHYHU��ZH�GRQ¦W�ZDQW�WR�SDUWLWLRQ�E\�WKH�HQWLUH�NH\��VR�ZH�XVH�WKH�KeyFieldBased
Partitioner�SDUWLWLRQHU��ZKLFK�DOORZV�XV�WR�SDUWLWLRQ�E\�D�SDUW�RI�WKH�NH\��7KH�VSHFLIL�
FDWLRQ� mapred.text.key.partitioner.options� FRQILJXUHV� WKH� SDUWLWLRQHU�� 7KH� YDOXH
-k1,1� LQVWUXFWV�WKH�SDUWLWLRQHU�WR�XVH�RQO\�WKH�ILUVW� ILHOG�RI� WKH�NH\��ZKHUH�ILHOGV�DUH
DVVXPHG�WR�EH�VHSDUDWHG�E\�D�VWULQJ�GHILQHG�E\�WKH�map.output.key.field.separator
SURSHUW\��D�WDE�FKDUDFWHU�E\�GHIDXOW��

1H[W��ZH�ZDQW�D�FRPSDUDWRU�WKDW�VRUWV�WKH�\HDU�ILHOG�LQ�DVFHQGLQJ�RUGHU�DQG�WKH�WHP�
SHUDWXUH�ILHOG�LQ�GHVFHQGLQJ�RUGHU��VR�WKDW�WKH�UHGXFH�IXQFWLRQ�FDQ�VLPSO\�UHWXUQ�WKH
ILUVW�UHFRUG�LQ�HDFK�JURXS��+DGRRS�SURYLGHV�KeyFieldBasedComparator��ZKLFK�LV�LGHDO
IRU�WKLV�SXUSRVH��7KH�FRPSDULVRQ�RUGHU�LV�GHILQHG�E\�D�VSHFLILFDWLRQ�WKDW�LV�OLNH�WKH�RQH
XVHG�IRU�*18�VRUW��,W�LV�VHW�XVLQJ�WKH�mapred.text.key.comparator.options�SURSHUW\�
7KH�YDOXH�-k1n -k2nr�XVHG�LQ�WKLV�H[DPSOH�PHDQV�£VRUW�E\�WKH�ILUVW�ILHOG�LQ�QXPHULFDO
RUGHU��WKHQ�E\�WKH�VHFRQG�ILHOG�LQ�UHYHUVH�QXPHULFDO�RUGHU�¤�/LNH�LWV�SDUWLWLRQHU�FRXVLQ��
KeyFieldBasedPartitioner�� LW� XVHV� WKH� VHSDUDWRU� GHILQHG� E\� WKH� map.output.
key.field.separator�WR�VSOLW�D�NH\�LQWR�ILHOGV�

,Q�WKH�-DYD�YHUVLRQ��ZH�KDG�WR�VHW�WKH�JURXSLQJ�FRPSDUDWRU��KRZHYHU��LQ�6WUHDPLQJ�
JURXSV�DUH�QRW�GHPDUFDWHG�LQ�DQ\�ZD\��VR�LQ�WKH�UHGXFH�IXQFWLRQ�ZH�KDYH�WR�GHWHFW�WKH
JURXS�ERXQGDULHV�RXUVHOYHV�E\�ORRNLQJ�IRU�ZKHQ�WKH�\HDU�FKDQJHV��([DPSOH�������
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([DPSOH�������5HGXFHU�IXQFWLRQ�IRU�VHFRQGDU\�VRUW�LQ�3\WKRQ

#!/usr/bin/env python

import sys

last_group = None
for line in sys.stdin:
  val = line.strip()
  (year, temp) = val.split("\t")
  group = year
  if last_group != group:
    print val
    last_group = group

:KHQ�ZH�UXQ�WKH�6WUHDPLQJ�SURJUDP��ZH�JHW�WKH�VDPH�RXWSXW�DV�WKH�-DYD�YHUVLRQ�

)LQDOO\��QRWH�WKDW�KeyFieldBasedPartitioner�DQG�KeyFieldBasedComparator�DUH�QRW�FRQ�
ILQHG�WR�XVH�LQ�6WUHDPLQJ�SURJUDPV��WKH\�DUH�DSSOLFDEOH�WR�-DYD�0DS5HGXFH�SURJUDPV�
WRR�

Joins
0DS5HGXFH�FDQ�SHUIRUP�MRLQV�EHWZHHQ�ODUJH�GDWDVHWV��EXW�ZULWLQJ�WKH�FRGH�WR�GR�MRLQV
IURP�VFUDWFK�LV�IDLUO\�LQYROYHG��5DWKHU�WKDQ�ZULWLQJ�0DS5HGXFH�SURJUDPV��\RX�PLJKW
FRQVLGHU�XVLQJ�D�KLJKHU�OHYHO�IUDPHZRUN�VXFK�DV�3LJ��+LYH��RU�&DVFDGLQJ��LQ�ZKLFK�MRLQ
RSHUDWLRQV�DUH�D�FRUH�SDUW�RI�WKH�LPSOHPHQWDWLRQ�

/HW¦V�EULHIO\�FRQVLGHU�WKH�SUREOHP�ZH�DUH�WU\LQJ�WR�VROYH��:H�KDYH�WZR�GDWDVHWV¢IRU
H[DPSOH��WKH�ZHDWKHU�VWDWLRQV�GDWDEDVH�DQG�WKH�ZHDWKHU�UHFRUGV¢DQG�ZH�ZDQW�WR�UHF�
RQFLOH�WKH�WZR��/HW¦V�VD\�ZH�ZDQW�WR�VHH�HDFK�VWDWLRQ¦V�KLVWRU\��ZLWK�WKH�VWDWLRQ¦V�PHW�
DGDWD�LQOLQHG�LQ�HDFK�RXWSXW�URZ��7KLV�LV�LOOXVWUDWHG�LQ�)LJXUH�����

+RZ�ZH�LPSOHPHQW�WKH�MRLQ�GHSHQGV�RQ�KRZ�ODUJH�WKH�GDWDVHWV�DUH�DQG�KRZ�WKH\�DUH
SDUWLWLRQHG�� ,I�RQH�GDWDVHW� LV� ODUJH� �WKH�ZHDWKHU� UHFRUGV��EXW� WKH�RWKHU�RQH� LV� VPDOO
HQRXJK�WR�EH�GLVWULEXWHG�WR�HDFK�QRGH�LQ�WKH�FOXVWHU��DV�WKH�VWDWLRQ�PHWDGDWD�LV���WKH
MRLQ�FDQ�EH�HIIHFWHG�E\�D�0DS5HGXFH�MRE�WKDW�EULQJV�WKH�UHFRUGV�IRU�HDFK�VWDWLRQ�WRJHWKHU
�D�SDUWLDO�VRUW�RQ�VWDWLRQ�,'�� IRU�H[DPSOH���7KH�PDSSHU�RU�UHGXFHU�XVHV�WKH�VPDOOHU
GDWDVHW�WR�ORRN�XS�WKH�VWDWLRQ�PHWDGDWD�IRU�D�VWDWLRQ�,'��VR�LW�FDQ�EH�ZULWWHQ�RXW�ZLWK
HDFK� UHFRUG�� 6HH� £6LGH�'DWD�'LVWULEXWLRQ¤�RQ�SDJH����� IRU� D�GLVFXVVLRQ�RI� WKLV� DS�
SURDFK��ZKHUH�ZH�IRFXV�RQ�WKH�PHFKDQLFV�RI�GLVWULEXWLQJ�WKH�GDWD�WR�WDVNWUDFNHUV�

,I� WKH� MRLQ� LV�SHUIRUPHG�E\� WKH�PDSSHU�� LW� LV� FDOOHG� D�PDS�VLGH� MRLQ��ZKHUHDV� LI� LW� LV
SHUIRUPHG�E\�WKH�UHGXFHU�LW�LV�FDOOHG�D�UHGXFH�VLGH�MRLQ�

,I�ERWK�GDWDVHWV�DUH�WRR�ODUJH�IRU�HLWKHU�WR�EH�FRSLHG�WR�HDFK�QRGH�LQ�WKH�FOXVWHU��ZH�FDQ
VWLOO�MRLQ�WKHP�XVLQJ�0DS5HGXFH�ZLWK�D�PDS�VLGH�RU�UHGXFH�VLGH�MRLQ��GHSHQGLQJ�RQ
KRZ�WKH�GDWD�LV�VWUXFWXUHG��2QH�FRPPRQ�H[DPSOH�RI�WKLV�FDVH�LV�D�XVHU�GDWDEDVH�DQG�D
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ORJ�RI�VRPH�XVHU�DFWLYLW\��VXFK�DV�DFFHVV�ORJV���)RU�D�SRSXODU�VHUYLFH��LW�LV�QRW�IHDVLEOH
WR�GLVWULEXWH�WKH�XVHU�GDWDEDVH��RU�WKH�ORJV��WR�DOO�WKH�0DS5HGXFH�QRGHV�

Map-Side Joins
$�PDS�VLGH�MRLQ�EHWZHHQ�ODUJH�LQSXWV�ZRUNV�E\�SHUIRUPLQJ�WKH�MRLQ�EHIRUH�WKH�GDWD
UHDFKHV�WKH�PDS�IXQFWLRQ��)RU�WKLV�WR�ZRUN��WKRXJK��WKH�LQSXWV�WR�HDFK�PDS�PXVW�EH
SDUWLWLRQHG�DQG�VRUWHG�LQ�D�SDUWLFXODU�ZD\��(DFK�LQSXW�GDWDVHW�PXVW�EH�GLYLGHG�LQWR�WKH
VDPH�QXPEHU�RI�SDUWLWLRQV��DQG�LW�PXVW�EH�VRUWHG�E\�WKH�VDPH�NH\��WKH�MRLQ�NH\��LQ�HDFK
VRXUFH��$OO�WKH�UHFRUGV�IRU�D�SDUWLFXODU�NH\�PXVW�UHVLGH�LQ�WKH�VDPH�SDUWLWLRQ��7KLV�PD\
VRXQG�OLNH�D�VWULFW�UHTXLUHPHQW��DQG�LW�LV���EXW�LW�DFWXDOO\�ILWV�WKH�GHVFULSWLRQ�RI�WKH�RXWSXW
RI�D�0DS5HGXFH�MRE�

)LJXUH������,QQHU�MRLQ�RI�WZR�GDWDVHWV
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$�PDS�VLGH�MRLQ�FDQ�EH�XVHG�WR�MRLQ�WKH�RXWSXWV�RI�VHYHUDO�MREV�WKDW�KDG�WKH�VDPH�QXPEHU
RI�UHGXFHUV��WKH�VDPH�NH\V��DQG�RXWSXW�ILOHV�WKDW�DUH�QRW�VSOLWWDEOH��E\�EHLQJ�VPDOOHU
WKDQ�DQ�+')6�EORFN�RU�E\�YLUWXH�RI�EHLQJ�J]LS�FRPSUHVVHG��IRU�H[DPSOH���,Q�WKH�FRQWH[W
RI�WKH�ZHDWKHU�H[DPSOH��LI�ZH�UDQ�D�SDUWLDO�VRUW�RQ�WKH�VWDWLRQV�ILOH�E\�VWDWLRQ�,'��DQG
DQRWKHU��LGHQWLFDO�VRUW�RQ�WKH�UHFRUGV��DJDLQ�E\�VWDWLRQ�,'�DQG�ZLWK�WKH�VDPH�QXPEHU
RI�UHGXFHUV��WKHQ�WKH�WZR�RXWSXWV�ZRXOG�VDWLVI\�WKH�FRQGLWLRQV�IRU�UXQQLQJ�D�PDS�VLGH
MRLQ�

8VH�D�CompositeInputFormat� IURP�WKH�org.apache.hadoop.mapreduce.join�SDFNDJH�WR
UXQ�D�PDS�VLGH�MRLQ��7KH�LQSXW�VRXUFHV�DQG�MRLQ�W\SH��LQQHU�RU�RXWHU��IRU�CompositeIn
putFormat�DUH�FRQILJXUHG�WKURXJK�D�MRLQ�H[SUHVVLRQ�WKDW�LV�ZULWWHQ�DFFRUGLQJ�WR�D�VLPSOH
JUDPPDU��7KH�SDFNDJH�GRFXPHQWDWLRQ�KDV�GHWDLOV�DQG�H[DPSOHV�

7KH� org.apache.hadoop.examples.Join� H[DPSOH� LV� D� JHQHUDO�SXUSRVH� FRPPDQG�OLQH
SURJUDP�IRU�UXQQLQJ�D�PDS�VLGH�MRLQ��VLQFH�LW�DOORZV�\RX�WR�UXQ�D�0DS5HGXFH�MRE�IRU
DQ\�VSHFLILHG�PDSSHU�DQG�UHGXFHU�RYHU�PXOWLSOH�LQSXWV�WKDW�DUH�MRLQHG�ZLWK�D�JLYHQ�MRLQ
RSHUDWLRQ�

Reduce-Side Joins
$�UHGXFH�VLGH�MRLQ�LV�PRUH�JHQHUDO�WKDQ�D�PDS�VLGH�MRLQ��LQ�WKDW�WKH�LQSXW�GDWDVHWV�GRQ¦W
KDYH�WR�EH�VWUXFWXUHG�LQ�DQ\�SDUWLFXODU�ZD\��EXW�LW�LV�OHVV�HIILFLHQW�EHFDXVH�ERWK�GDWDVHWV
KDYH�WR�JR�WKURXJK�WKH�0DS5HGXFH�VKXIIOH��7KH�EDVLF�LGHD�LV�WKDW�WKH�PDSSHU�WDJV�HDFK
UHFRUG�ZLWK�LWV�VRXUFH�DQG�XVHV�WKH�MRLQ�NH\�DV�WKH�PDS�RXWSXW�NH\��VR�WKDW�WKH�UHFRUGV
ZLWK�WKH�VDPH�NH\�DUH�EURXJKW�WRJHWKHU�LQ�WKH�UHGXFHU��:H�XVH�VHYHUDO�LQJUHGLHQWV�WR
PDNH�WKLV�ZRUN�LQ�SUDFWLFH�

0XOWLSOH�LQSXWV
7KH�LQSXW�VRXUFHV�IRU�WKH�GDWDVHWV�JHQHUDOO\�KDYH�GLIIHUHQW�IRUPDWV��VR�LW�LV�YHU\
FRQYHQLHQW�WR�XVH�WKH�MultipleInputs�FODVV��VHH�£0XOWLSOH�,QSXWV¤�RQ�SDJH������WR
VHSDUDWH�WKH�ORJLF�IRU�SDUVLQJ�DQG�WDJJLQJ�HDFK�VRXUFH�

6HFRQGDU\�VRUW
$V�GHVFULEHG��WKH�UHGXFHU�ZLOO�VHH�WKH�UHFRUGV�IURP�ERWK�VRXUFHV�WKDW�KDYH�WKH�VDPH
NH\��EXW�WKH\�DUH�QRW�JXDUDQWHHG�WR�EH�LQ�DQ\�SDUWLFXODU�RUGHU��+RZHYHU��WR�SHUIRUP
WKH�MRLQ��LW�LV�LPSRUWDQW�WR�KDYH�WKH�GDWD�IURP�RQH�VRXUFH�EHIRUH�DQRWKHU��)RU�WKH
ZHDWKHU�GDWD�MRLQ��WKH�VWDWLRQ�UHFRUG�PXVW�EH�WKH�ILUVW�RI�WKH�YDOXHV�VHHQ�IRU�HDFK
NH\��VR�WKH�UHGXFHU�FDQ�ILOO�LQ�WKH�ZHDWKHU�UHFRUGV�ZLWK�WKH�VWDWLRQ�QDPH�DQG�HPLW
WKHP�VWUDLJKWDZD\��2I�FRXUVH��LW�ZRXOG�EH�SRVVLEOH�WR�UHFHLYH�WKH�UHFRUGV�LQ�DQ\
RUGHU� LI�ZH�EXIIHUHG� WKHP� LQ�PHPRU\�� EXW� WKLV� VKRXOG�EH� DYRLGHG�EHFDXVH� WKH
QXPEHU�RI�UHFRUGV�LQ�DQ\�JURXS�PD\�EH�YHU\�ODUJH�DQG�H[FHHG�WKH�DPRXQW�RI�PHP�
RU\�DYDLODEOH�WR�WKH�UHGXFHU��

�� 7KH�data_join� SDFNDJH� LQ� WKH�FRQWULE� GLUHFWRU\� LPSOHPHQWV� UHGXFH�VLGH� MRLQV�E\�EXIIHULQJ� UHFRUGV� LQ
PHPRU\��VR�LW�VXIIHUV�IURP�WKLV�OLPLWDWLRQ�
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:H�VDZ�LQ�£6HFRQGDU\�6RUW¤�RQ�SDJH�����KRZ�WR�LPSRVH�DQ�RUGHU�RQ�WKH�YDOXHV
IRU�HDFK�NH\�WKDW�WKH�UHGXFHUV�VHH��VR�ZH�XVH�WKLV�WHFKQLTXH�KHUH�

7R�WDJ�HDFK�UHFRUG��ZH�XVH�TextPair�IURP�&KDSWHU���IRU�WKH�NH\V��WR�VWRUH�WKH�VWDWLRQ
,'��DQG�WKH�WDJ��7KH�RQO\�UHTXLUHPHQW�IRU�WKH�WDJ�YDOXHV�LV�WKDW�WKH\�VRUW�LQ�VXFK�D�ZD\
WKDW� WKH� VWDWLRQ� UHFRUGV� FRPH�EHIRUH� WKH�ZHDWKHU� UHFRUGV��7KLV� FDQ�EH�DFKLHYHG�E\
WDJJLQJ�VWDWLRQ�UHFRUGV�DV�0�DQG�ZHDWKHU�UHFRUGV�DV�1��7KH�PDSSHU�FODVVHV�WR�GR�WKLV�DUH
VKRZQ�LQ�([DPSOHV������DQG������

([DPSOH�������0DSSHU�IRU�WDJJLQJ�VWDWLRQ�UHFRUGV�IRU�D�UHGXFH�VLGH�MRLQ

public class JoinStationMapper
    extends Mapper<LongWritable, Text, TextPair, Text> {
  private NcdcStationMetadataParser parser = new NcdcStationMetadataParser();

  @Override
  protected void map(LongWritable key, Text value, Context context)
      throws IOException, InterruptedException {
    if (parser.parse(value)) {
      context.write(new TextPair(parser.getStationId(), "0"),
          new Text(parser.getStationName()));
    }
  }
}

([DPSOH�������0DSSHU�IRU�WDJJLQJ�ZHDWKHU�UHFRUGV�IRU�D�UHGXFH�VLGH�MRLQ

public class JoinRecordMapper
    extends Mapper<LongWritable, Text, TextPair, Text> {
  private NcdcRecordParser parser = new NcdcRecordParser();
  
  @Override
  protected void map(LongWritable key, Text value, Context context)
      throws IOException, InterruptedException {
    parser.parse(value);
    context.write(new TextPair(parser.getStationId(), "1"), value);
  }

}

7KH�UHGXFHU�NQRZV�WKDW�LW�ZLOO�UHFHLYH�WKH�VWDWLRQ�UHFRUG�ILUVW��VR�LW�H[WUDFWV�LWV�QDPH
IURP�WKH�YDOXH�DQG�ZULWHV�LW�RXW�DV�D�SDUW�RI�HYHU\�RXWSXW�UHFRUG��([DPSOH�������

([DPSOH�������5HGXFHU�IRU�MRLQLQJ�WDJJHG�VWDWLRQ�UHFRUGV�ZLWK�WDJJHG�ZHDWKHU�UHFRUGV

public class JoinReducer extends Reducer<TextPair, Text, Text, Text> {

  @Override
  protected void reduce(TextPair key, Iterable<Text> values, Context context)
      throws IOException, InterruptedException {
    Iterator<Text> iter = values.iterator();
    Text stationName = new Text(iter.next());
    while (iter.hasNext()) {
      Text record = iter.next();
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      Text outValue = new Text(stationName.toString() + "\t" + record.toString());
      context.write(key.getFirst(), outValue);
    }
  }
}

7KH�FRGH�DVVXPHV�WKDW�HYHU\�VWDWLRQ�,'�LQ�WKH�ZHDWKHU�UHFRUGV�KDV�H[DFWO\�RQH�PDWFKLQJ
UHFRUG�LQ�WKH�VWDWLRQ�GDWDVHW��,I�WKLV�ZHUH�QRW�WKH�FDVH��ZH�ZRXOG�QHHG�WR�JHQHUDOL]H�WKH
FRGH�WR�SXW�WKH�WDJ�LQWR�WKH�YDOXH�REMHFWV��E\�XVLQJ�DQRWKHU�TextPair��7KH�reduce()
PHWKRG�ZRXOG�WKHQ�EH�DEOH�WR�WHOO�ZKLFK�HQWULHV�ZHUH�VWDWLRQ�QDPHV�DQG�GHWHFW��DQG
KDQGOH��PLVVLQJ�RU�GXSOLFDWH�HQWULHV�EHIRUH�SURFHVVLQJ�WKH�ZHDWKHU�UHFRUGV�

%HFDXVH�REMHFWV�LQ�WKH�UHGXFHU¦V�YDOXHV�LWHUDWRU�DUH�UHXVHG��IRU�HIILFLHQF\
SXUSRVHV���LW�LV�YLWDO�WKDW�WKH�FRGH�PDNHV�D�FRS\�RI�WKH�ILUVW�Text�REMHFW
IURP�WKH�values�LWHUDWRU�

Text stationName = new Text(iter.next());

,I�WKH�FRS\�LV�QRW�PDGH��WKH�stationName�UHIHUHQFH�ZLOO�UHIHU�WR�WKH�YDOXH
MXVW�UHDG�ZKHQ�LW�LV�WXUQHG�LQWR�D�VWULQJ��ZKLFK�LV�D�EXJ�

7\LQJ�WKH�MRE�WRJHWKHU�LV�WKH�GULYHU�FODVV��VKRZQ�LQ�([DPSOH�������7KH�HVVHQWLDO�SRLQW
LV�WKDW�ZH�SDUWLWLRQ�DQG�JURXS�RQ�WKH�ILUVW�SDUW�RI�WKH�NH\��WKH�VWDWLRQ�,'��ZKLFK�ZH�GR
ZLWK�D�FXVWRP�Partitioner��KeyPartitioner��DQG�D�FXVWRP�JURXS�FRPSDUDWRU��First
Comparator��IURP�TextPair��

([DPSOH�������$SSOLFDWLRQ�WR�MRLQ�ZHDWKHU�UHFRUGV�ZLWK�VWDWLRQ�QDPHV

public class JoinRecordWithStationName extends Configured implements Tool {
  
  public static class KeyPartitioner extends Partitioner<TextPair, Text> {
    @Override
    public int getPartition(TextPair key, Text value, int numPartitions) {
      return (key.getFirst().hashCode() & Integer.MAX_VALUE) % numPartitions;
    }
  }
  
  @Override
  public int run(String[] args) throws Exception {
    if (args.length != 3) {
      JobBuilder.printUsage(this, "<ncdc input> <station input> <output>");
      return -1;
    }
    
    Job job = new Job(getConf(), "Join weather records with station names");
    job.setJarByClass(getClass());
    
    Path ncdcInputPath = new Path(args[0]);
    Path stationInputPath = new Path(args[1]);
    Path outputPath = new Path(args[2]);
    
    MultipleInputs.addInputPath(job, ncdcInputPath,
        TextInputFormat.class, JoinRecordMapper.class);
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    MultipleInputs.addInputPath(job, stationInputPath,
        TextInputFormat.class, JoinStationMapper.class);
    FileOutputFormat.setOutputPath(job, outputPath);
    
    job.setPartitionerClass(KeyPartitioner.class);
    job.setGroupingComparatorClass(TextPair.FirstComparator.class);
    
    job.setMapOutputKeyClass(TextPair.class);
    
    job.setReducerClass(JoinReducer.class);

    job.setOutputKeyClass(Text.class);
    
    return job.waitForCompletion(true) ? 0 : 1;
  }
  
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(new JoinRecordWithStationName(), args);
    System.exit(exitCode);
  }
}

5XQQLQJ�WKH�SURJUDP�RQ�WKH�VDPSOH�GDWD�\LHOGV�WKH�IROORZLQJ�RXWSXW�

011990-99999    SIHCCAJAVRI                     0067011990999991950051507004+68750...
011990-99999    SIHCCAJAVRI                     0043011990999991950051512004+68750...
011990-99999    SIHCCAJAVRI                     0043011990999991950051518004+68750...
012650-99999    TYNSET-HANSMOEN                 0043012650999991949032412004+62300...
012650-99999    TYNSET-HANSMOEN                 0043012650999991949032418004+62300...

Side Data Distribution
6LGH�GDWD�FDQ�EH�GHILQHG�DV�H[WUD�UHDG�RQO\�GDWD�QHHGHG�E\�D�MRE�WR�SURFHVV�WKH�PDLQ
GDWDVHW��7KH�FKDOOHQJH�LV�WR�PDNH�VLGH�GDWD�DYDLODEOH�WR�DOO� WKH�PDS�RU�UHGXFH�WDVNV
�ZKLFK�DUH�VSUHDG�DFURVV�WKH�FOXVWHU��LQ�D�FRQYHQLHQW�DQG�HIILFLHQW�IDVKLRQ�

Using the Job Configuration
<RX�FDQ�VHW�DUELWUDU\�NH\�YDOXH�SDLUV�LQ�WKH�MRE�FRQILJXUDWLRQ�XVLQJ�WKH�YDULRXV�VHWWHU
PHWKRGV�RQ�Configuration��RU�JobConf�LQ�WKH�ROG�0DS5HGXFH�$3,���7KLV�LV�YHU\�XVHIXO
ZKHQ�\RX�QHHG�WR�SDVV�D�VPDOO�SLHFH�RI�PHWDGDWD�WR�\RXU�WDVNV�

,Q� WKH� WDVN�\RX�FDQ�UHWULHYH� WKH�GDWD� IURP�WKH�FRQILJXUDWLRQ�UHWXUQHG�E\�Context¦V�
getConfiguration()�PHWKRG���,Q�WKH�ROG�$3,��LW¦V�D�OLWWOH�PRUH�LQYROYHG��RYHUULGH�WKH�
configure()�PHWKRG�LQ�WKH�Mapper�RU�Reducer�DQG�XVH�D�JHWWHU�PHWKRG�RQ�WKH�JobConf
REMHFW�SDVVHG�LQ�WR�UHWULHYH�WKH�GDWD��,W¦V�YHU\�FRPPRQ�WR�VWRUH�WKH�GDWD�LQ�DQ�LQVWDQFH
ILHOG�VR�LW�FDQ�EH�XVHG�LQ�WKH�map()�RU�reduce()�PHWKRG��

8VXDOO\�D�SULPLWLYH�W\SH�LV�VXIILFLHQW�WR�HQFRGH�\RXU�PHWDGDWD��EXW�IRU�DUELWUDU\�REMHFWV
\RX�FDQ�HLWKHU�KDQGOH�WKH�VHULDOL]DWLRQ�\RXUVHOI��LI�\RX�KDYH�DQ�H[LVWLQJ�PHFKDQLVP�IRU
WXUQLQJ� REMHFWV� WR� VWULQJV� DQG� EDFN�� RU� XVH� +DGRRS¦V� Stringifier� FODVV�� 7KH�
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DefaultStringifier� XVHV�+DGRRS¦V� VHULDOL]DWLRQ� IUDPHZRUN� WR� VHULDOL]H� REMHFWV� �VHH
£6HULDOL]DWLRQ¤�RQ�SDJH�����

<RX� VKRXOGQ¦W� XVH� WKLV� PHFKDQLVP� IRU� WUDQVIHUULQJ� PRUH� WKDQ� D� IHZ� NLORE\WHV� RI
GDWD�EHFDXVH�LW�FDQ�SXW�SUHVVXUH�RQ�WKH�PHPRU\�XVDJH�LQ�WKH�+DGRRS�GDHPRQV��SDU�
WLFXODUO\�LQ�D�V\VWHP�UXQQLQJ�KXQGUHGV�RI�MREV��7KH�MRE�FRQILJXUDWLRQ�LV�UHDG�E\�WKH
MREWUDFNHU��WKH�WDVNWUDFNHU��DQG�WKH�FKLOG�-90��DQG�HDFK�WLPH�WKH�FRQILJXUDWLRQ�LV�UHDG�
DOO�RI�LWV�HQWULHV�DUH�UHDG�LQWR�PHPRU\��HYHQ�LI�WKH\�DUH�QRW�XVHG��8VHU�SURSHUWLHV�DUH�QRW
XVHG�E\�WKH�MREWUDFNHU�RU�WKH�WDVNWUDFNHU��VR�WKH\�MXVW�ZDVWH�WLPH�DQG�PHPRU\�

Distributed Cache
5DWKHU�WKDQ�VHULDOL]LQJ�VLGH�GDWD�LQ�WKH�MRE�FRQILJXUDWLRQ��LW�LV�SUHIHUDEOH�WR�GLVWULEXWH
GDWDVHWV� XVLQJ�+DGRRS¦V� GLVWULEXWHG� FDFKH�PHFKDQLVP�� 7KLV� SURYLGHV� D� VHUYLFH� IRU
FRS\LQJ�ILOHV�DQG�DUFKLYHV�WR�WKH�WDVN�QRGHV�LQ�WLPH�IRU�WKH�WDVNV�WR�XVH�WKHP�ZKHQ�WKH\
UXQ��7R�VDYH�QHWZRUN�EDQGZLGWK��ILOHV�DUH�QRUPDOO\�FRSLHG�WR�DQ\�SDUWLFXODU�QRGH�RQFH
SHU�MRE�

Usage
)RU�WRROV�WKDW�XVH�GenericOptionsParser��WKLV�LQFOXGHV�PDQ\�RI�WKH�SURJUDPV�LQ�WKLV
ERRN��VHH�£*HQHULF2SWLRQV3DUVHU��7RRO��DQG�7RRO5XQQHU¤�RQ�SDJH�������\RX�FDQ�VSHF�
LI\�WKH�ILOHV�WR�EH�GLVWULEXWHG�DV�D�FRPPD�VHSDUDWHG�OLVW�RI�85,V�DV�WKH�DUJXPHQW�WR�WKH�-
files�RSWLRQ��)LOHV�FDQ�EH�RQ�WKH�ORFDO�ILOHV\VWHP��RQ�+')6��RU�RQ�DQRWKHU�+DGRRS�
UHDGDEOH�ILOHV\VWHP��VXFK�DV�6����,I�QR�VFKHPH�LV�VXSSOLHG��WKHQ�WKH�ILOHV�DUH�DVVXPHG�WR
EH�ORFDO���7KLV�LV�WUXH�HYHQ�ZKHQ�WKH�GHIDXOW�ILOHV\VWHP�LV�QRW�WKH�ORFDO�ILOHV\VWHP��

<RX�FDQ�DOVR�FRS\�DUFKLYH�ILOHV��-$5�ILOHV��=,3�ILOHV��WDU�ILOHV��DQG�J]LSSHG�WDU�ILOHV��WR
\RXU�WDVNV�XVLQJ�WKH�-archives�RSWLRQ��WKHVH�DUH�XQDUFKLYHG�RQ�WKH�WDVN�QRGH��7KH�
-libjars�RSWLRQ�ZLOO�DGG�-$5�ILOHV�WR�WKH�FODVVSDWK�RI�WKH�PDSSHU�DQG�UHGXFHU�WDVNV�
7KLV�LV�XVHIXO�LI�\RX�KDYHQ¦W�EXQGOHG�OLEUDU\�-$5�ILOHV�LQ�\RXU�MRE�-$5�ILOH�

6WUHDPLQJ�GRHVQ¦W�XVH�WKH�GLVWULEXWHG�FDFKH�IRU�FRS\LQJ�WKH�VWUHDPLQJ
VFULSWV� DFURVV� WKH� FOXVWHU�� <RX� VSHFLI\� D� ILOH� WR� EH� FRSLHG� XVLQJ� WKH
-file�RSWLRQ��QRWH�WKH�VLQJXODU���ZKLFK�VKRXOG�EH�UHSHDWHG�IRU�HDFK�ILOH
WR�EH�FRSLHG��)XUWKHUPRUH��ILOHV�VSHFLILHG�XVLQJ�WKH�-file�RSWLRQ�PXVW
EH�ILOH�SDWKV�RQO\��QRW�85,V��VR�WKH\�PXVW�EH�DFFHVVLEOH�IURP�WKH�ORFDO
ILOHV\VWHP�RI�WKH�FOLHQW�ODXQFKLQJ�WKH�6WUHDPLQJ�MRE�

6WUHDPLQJ�DOVR�DFFHSWV�WKH�-files�DQG�-archives�RSWLRQV�IRU�FRS\LQJ
ILOHV�LQWR�WKH�GLVWULEXWHG�FDFKH�IRU�XVH�E\�\RXU�6WUHDPLQJ�VFULSWV�

/HW¦V�VHH�KRZ�WR�XVH�WKH�GLVWULEXWHG�FDFKH�WR�VKDUH�D�PHWDGDWD�ILOH�IRU�VWDWLRQ�QDPHV�
7KH�FRPPDQG�ZH�ZLOO�UXQ�LV�

% hadoop jar hadoop-examples.jar MaxTemperatureByStationNameUsingDistributedCacheFile \
  -files input/ncdc/metadata/stations-fixed-width.txt input/ncdc/all output
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7KLV�FRPPDQG�ZLOO�FRS\�WKH�ORFDO�ILOH�VWDWLRQV�IL[HG�ZLGWK�W[W��QR�VFKHPH�LV�VXSSOLHG�
VR�WKH�SDWK�LV�DXWRPDWLFDOO\�LQWHUSUHWHG�DV�D�ORFDO�ILOH��WR�WKH�WDVN�QRGHV��VR�ZH�FDQ�XVH
LW�WR�ORRN�XS�VWDWLRQ�QDPHV��7KH�OLVWLQJ�IRU�MaxTemperatureByStationNameUsingDistri
butedCacheFile�DSSHDUV�LQ�([DPSOH������

([DPSOH�������$SSOLFDWLRQ�WR�ILQG�WKH�PD[LPXP�WHPSHUDWXUH�E\�VWDWLRQ��VKRZLQJ�VWDWLRQ�QDPHV�IURP
D�ORRNXS�WDEOH�SDVVHG�DV�D�GLVWULEXWHG�FDFKH�ILOH

public class MaxTemperatureByStationNameUsingDistributedCacheFile
  extends Configured implements Tool {
  
  static class StationTemperatureMapper
    extends Mapper<LongWritable, Text, Text, IntWritable> {

    private NcdcRecordParser parser = new NcdcRecordParser();
    
    @Override
    protected void map(LongWritable key, Text value, Context context)
        throws IOException, InterruptedException {
      
      parser.parse(value);
      if (parser.isValidTemperature()) {
        context.write(new Text(parser.getStationId()),
            new IntWritable(parser.getAirTemperature()));
      }
    }
  }
  
  static class MaxTemperatureReducerWithStationLookup
    extends Reducer<Text, IntWritable, Text, IntWritable> {
    
    private NcdcStationMetadata metadata;
    
    @Override
    protected void setup(Context context)
        throws IOException, InterruptedException {
      metadata = new NcdcStationMetadata();
      metadata.initialize(new File("stations-fixed-width.txt"));
    }

    @Override
    protected void reduce(Text key, Iterable<IntWritable> values,
        Context context) throws IOException, InterruptedException {
      
      String stationName = metadata.getStationName(key.toString());
      
      int maxValue = Integer.MIN_VALUE;
      for (IntWritable value : values) {
        maxValue = Math.max(maxValue, value.get());
      }
      context.write(new Text(stationName), new IntWritable(maxValue));
    }
  }
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  @Override
  public int run(String[] args) throws Exception {
    Job job = JobBuilder.parseInputAndOutput(this, getConf(), args);
    if (job == null) {
      return -1;
    }
    
    job.setOutputKeyClass(Text.class);
    job.setOutputValueClass(IntWritable.class);

    job.setMapperClass(StationTemperatureMapper.class);
    job.setCombinerClass(MaxTemperatureReducer.class);
    job.setReducerClass(MaxTemperatureReducerWithStationLookup.class);
    
    return job.waitForCompletion(true) ? 0 : 1;
  }
  
  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(
        new MaxTemperatureByStationNameUsingDistributedCacheFile(), args);
    System.exit(exitCode);
  }
}

7KH� SURJUDP� ILQGV� WKH�PD[LPXP� WHPSHUDWXUH� E\� ZHDWKHU� VWDWLRQ�� VR� WKH�PDSSHU
�StationTemperatureMapper�� VLPSO\� HPLWV� �VWDWLRQ� ,'�� WHPSHUDWXUH�� SDLUV�� )RU� WKH
FRPELQHU�� ZH� UHXVH� MaxTemperatureReducer� �IURP� &KDSWHUV� �� DQG� ��� WR� SLFN� WKH
PD[LPXP�WHPSHUDWXUH�IRU�DQ\�JLYHQ�JURXS�RI�PDS�RXWSXWV�RQ�WKH�PDS�VLGH��7KH�UH�
GXFHU��MaxTemperatureReducerWithStationLookup��LV�GLIIHUHQW�IURP�WKH�FRPELQHU��VLQFH
LQ�DGGLWLRQ�WR�ILQGLQJ�WKH�PD[LPXP�WHPSHUDWXUH��LW�XVHV�WKH�FDFKH�ILOH�WR�ORRN�XS�WKH
VWDWLRQ�QDPH�

:H�XVH�WKH�UHGXFHU¦V�setup()�PHWKRG�WR�UHWULHYH�WKH�FDFKH�ILOH�XVLQJ�LWV�RULJLQDO�QDPH�
UHODWLYH�WR�WKH�ZRUNLQJ�GLUHFWRU\�RI�WKH�WDVN�

<RX�FDQ�XVH�WKH�GLVWULEXWHG�FDFKH�IRU�FRS\LQJ�ILOHV� WKDW�GR�QRW� ILW� LQ
PHPRU\��0DS)LOHV�DUH�YHU\�XVHIXO�LQ�WKLV�UHJDUG��VLQFH�WKH\�VHUYH�DV�DQ
RQ�GLVN�ORRNXS�IRUPDW��VHH�£0DS)LOH¤�RQ�SDJH�������%HFDXVH�0DS)LOHV
DUH�D�FROOHFWLRQ�RI�ILOHV�ZLWK�D�GHILQHG�GLUHFWRU\�VWUXFWXUH��\RX�VKRXOG
SXW�WKHP�LQWR�DQ�DUFKLYH�IRUPDW��-$5��=,3��7$5��RU�J]LSSHG�7$5��DQG
DGG�WKHP�WR�WKH�FDFKH�XVLQJ�WKH�-archives�RSWLRQ�

+HUH¦V�D�VQLSSHW�RI�WKH�RXWSXW��VKRZLQJ�VRPH�PD[LPXP�WHPSHUDWXUHV�IRU�D�IHZ�ZHDWKHU
VWDWLRQV�

PEATS RIDGE WARATAH              372
STRATHALBYN RACECOU              410
SHEOAKS AWS                      399
WANGARATTA AERO                  409
MOOGARA                          334
MACKAY AERO                      331
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How it works
:KHQ�\RX�ODXQFK�D�MRE��+DGRRS�FRSLHV�WKH�ILOHV�VSHFLILHG�E\�WKH�-files��-archives�
DQG�-libjars�RSWLRQV�WR�WKH�GLVWULEXWHG�ILOHV\VWHP��QRUPDOO\�+')6���7KHQ��EHIRUH�D
WDVN�LV�UXQ��WKH�WDVNWUDFNHU�FRSLHV�WKH�ILOHV�IURP�WKH�GLVWULEXWHG�ILOHV\VWHP�WR�D�ORFDO�GLVN
¢WKH�FDFKH¢VR�WKH�WDVN�FDQ�DFFHVV�WKH�ILOHV��7KH�ILOHV�DUH�VDLG�WR�EH�ORFDOL]HG�DW�WKLV
SRLQW��)URP�WKH�WDVN¦V�SRLQW�RI�YLHZ��WKH�ILOHV�DUH�MXVW�WKHUH��DQG�LW�GRHVQ¦W�FDUH�WKDW
WKH\�FDPH�IURP�+')6���,Q�DGGLWLRQ��ILOHV�VSHFLILHG�E\�-libjars�DUH�DGGHG�WR�WKH�WDVN¦V
FODVVSDWK�EHIRUH�LW�LV�ODXQFKHG�

7KH�WDVNWUDFNHU�DOVR�PDLQWDLQV�D�UHIHUHQFH�FRXQW�IRU�WKH�QXPEHU�RI�WDVNV�XVLQJ�HDFK
ILOH�LQ�WKH�FDFKH��%HIRUH�WKH�WDVN�KDV�UXQ��WKH�ILOH¦V�UHIHUHQFH�FRXQW�LV�LQFUHPHQWHG�E\
RQH��WKHQ��DIWHU�WKH�WDVN�KDV�UXQ��WKH�FRXQW�LV�GHFUHDVHG�E\�RQH��2QO\�ZKHQ�WKH�FRXQW
UHDFKHV�]HUR�LV�LW�HOLJLEOH�IRU�GHOHWLRQ��VLQFH�QR�WDVNV�DUH�XVLQJ�LW��)LOHV�DUH�GHOHWHG�WR
PDNH�URRP�IRU�D�QHZ�ILOH�ZKHQ�WKH�FDFKH�H[FHHGV�D�FHUWDLQ�VL]H¢���*%�E\�GHIDXOW��7KH
FDFKH�VL]H�PD\�EH�FKDQJHG�E\�VHWWLQJ� WKH�FRQILJXUDWLRQ�SURSHUW\�local.cache.size�
ZKLFK�LV�PHDVXUHG�LQ�E\WHV�

$OWKRXJK�WKLV�GHVLJQ�GRHVQ¦W�JXDUDQWHH�WKDW�VXEVHTXHQW�WDVNV�IURP�WKH�VDPH�MRE�UXQ�
QLQJ�RQ�WKH�VDPH�WDVNWUDFNHU�ZLOO�ILQG�WKH�ILOH�LQ�WKH�FDFKH��LW�LV�YHU\�OLNHO\�WKDW�WKH\�ZLOO�
VLQFH�WDVNV�IURP�D�MRE�DUH�XVXDOO\�VFKHGXOHG�WR�UXQ�DW�DURXQG�WKH�VDPH�WLPH��VR�WKHUH
LVQ¦W�WKH�RSSRUWXQLW\�IRU�HQRXJK�RWKHU�MREV�WR�UXQ�DQG�FDXVH�WKH�RULJLQDO�WDVN¦V�ILOH�WR
EH�GHOHWHG�IURP�WKH�FDFKH�

)LOHV�DUH� ORFDOL]HG�XQGHU�WKH�${mapred.local.dir}/taskTracker/archive�GLUHFWRU\�RQ
WKH�WDVNWUDFNHUV��$SSOLFDWLRQV�GRQ¦W�KDYH�WR�NQRZ�WKLV��KRZHYHU��EHFDXVH�WKH�ILOHV�DUH
V\PEROLFDOO\�OLQNHG�IURP�WKH�WDVN¦V�ZRUNLQJ�GLUHFWRU\�

The distributed cache API
0RVW�DSSOLFDWLRQV�GRQ¦W�QHHG�WR�XVH�WKH�GLVWULEXWHG�FDFKH�$3,��EHFDXVH�WKH\�FDQ�XVH
WKH�FDFKH�YLD�GenericOptionsParser��DV�ZH�VDZ�LQ�([DPSOH�������+RZHYHU��VRPH�DS�
SOLFDWLRQV�PD\�QHHG�WR�XVH�PRUH�DGYDQFHG�IHDWXUHV�RI�WKH�GLVWULEXWHG�FDFKH��DQG�IRU
WKLV�WKH\�FDQ�XVH�LWV�$3,�GLUHFWO\��7KH�$3,�LV�LQ�WZR�SDUWV��PHWKRGV�IRU�SXWWLQJ�GDWD�LQWR
WKH�FDFKH� �IRXQG� LQ�Job��DQG�PHWKRGV� IRU� UHWULHYLQJ�GDWD� IURP�WKH�FDFKH� �IRXQG� LQ
JobContext����+HUH�DUH�WKH�SHUWLQHQW�PHWKRGV�LQ�Job�IRU�SXWWLQJ�GDWD�LQWR�WKH�FDFKH�

public void addCacheFile(URI uri)
public void addCacheArchive(URI uri)
public void setCacheFiles(URI[] files)
public void setCacheArchives(URI[] archives)
public void addFileToClassPath(Path file)
public void addArchiveToClassPath(Path archive)
public void createSymlink()

�� ,I�\RX�DUH�XVLQJ�WKH�ROG�0DS5HGXFH�$3,��WKH�VDPH�PHWKRGV�FDQ�EH�IRXQG�LQ�org.apache.hadoop.file
cache.DistributedCache.
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5HFDOO� WKDW� WKHUH�DUH� WZR�W\SHV�RI�REMHFWV� WKDW�FDQ�EH�SODFHG� LQ� WKH�FDFKH�� ILOHV�DQG
DUFKLYHV��)LOHV�DUH�OHIW�LQWDFW�RQ�WKH�WDVN�QRGH��ZKHUHDV�DUFKLYHV�DUH�XQDUFKLYHG�RQ�WKH
WDVN�QRGH��)RU�HDFK�W\SH�RI�REMHFW��WKHUH�DUH�WKUHH�PHWKRGV��DQ�addCacheXXXX()�PHWKRG
WR�DGG�WKH�ILOH�RU�DUFKLYH�WR�WKH�GLVWULEXWHG�FDFKH��D�setCacheXXXXs()�PHWKRG�WR�VHW�WKH
HQWLUH�OLVW�RI�ILOHV�RU�DUFKLYHV�WR�EH�DGGHG�WR�WKH�FDFKH�LQ�D�VLQJOH�FDOO��UHSODFLQJ�WKRVH
VHW�LQ�DQ\�SUHYLRXV�FDOOV���DQG�DQ�addXXXXToClassPath()�WR�DGG�WKH�ILOH�RU�DUFKLYH�WR�WKH
0DS5HGXFH� WDVN¦V� FODVVSDWK�� 7DEOH� 7DEOH� ���� FRPSDUHV� WKHVH� $3,�PHWKRGV� WR� WKH
GenericOptionsParser�RSWLRQV�GHVFULEHG�LQ�7DEOH�����

7DEOH������'LVWULEXWHG�FDFKH�$3,

Job API method GenericOptionsParser equiva-
lent

Description

addCacheFile(URI uri)
setCacheFiles(URI[] files)

-files
file1,file2,...

Add files to the distributed cache to
be copied to the task node.

addCacheArchive(URI uri)
setCacheArchives(URI[] files)

-archives
archive1,archive2,...

Add archives to the distributed
cache to be copied to the task node
and unarchived there.

addFileToClassPath(Path file) -libjars
jar1,jar2,...

Add files to the distributed cache to
be added to the MapReduce task’s
classpath. The files are not unarch-
ived, so this is a useful way to add
JAR files to the classpath.

addArchiveToClassPath(Path archive) None Add archives to the distributed
cache to be unarchived and added
to the MapReduce task’s classpath.
This can be useful when you want
to add a directory of files to the
classpath, since you can create an
archive containing the files. Alter-
natively, you could create a JAR file
and use 
addFileToClassPath(),
which works equally well.

7KH�85,V�UHIHUHQFHG�LQ�WKH�add()�RU�set()�PHWKRGV�PXVW�EH�ILOHV�LQ�D
VKDUHG�ILOHV\VWHP�WKDW�H[LVW�ZKHQ�WKH�MRE�LV�UXQ��2Q�WKH�RWKHU�KDQG��WKH
ILOHV�VSHFLILHG�DV�D�GenericOptionsParser�RSWLRQ��H�J���-files��PD\�UHIHU
WR�D�ORFDO�ILOH��LQ�ZKLFK�FDVH�WKH\�JHW�FRSLHG�WR�WKH�GHIDXOW�VKDUHG�ILOH�
V\VWHP��QRUPDOO\�+')6��RQ�\RXU�EHKDOI�

7KLV�LV�WKH�NH\�GLIIHUHQFH�EHWZHHQ�XVLQJ�WKH�-DYD�$3,�GLUHFWO\�DQG�XVLQJ
GenericOptionsParser��WKH�-DYD�$3,�GRHV�QRW�FRS\�WKH�ILOH�VSHFLILHG�LQ
WKH�add()�RU�set()�PHWKRG�WR�WKH�VKDUHG�ILOHV\VWHP��ZKHUHDV�WKH�Gener
icOptionsParser�GRHV�
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7KH�UHPDLQLQJ�GLVWULEXWHG�FDFKH�$3,�PHWKRG�RQ�Job�LV�createSymlink()��ZKLFK�FUHDWHV
V\PEROLF�OLQNV�IRU�DOO�WKH�ILOHV�IRU�WKH�FXUUHQW�MRE�ZKHQ�WKH\�DUH�ORFDOL]HG�RQ�WKH�WDVN
QRGH��7KH�V\PEROLF�OLQN�QDPH�LV�VHW�E\�WKH�IUDJPHQW�LGHQWLILHU�RI�WKH�ILOH¦V�85,��)RU
H[DPSOH��WKH�ILOH�VSHFLILHG�E\�WKH�85,�KGIV���QDPHQRGH�IRR�EDU�P\ILOH�LV�V\POLQNHG�DV
P\ILOH�LQ�WKH�WDVN¦V�ZRUNLQJ�GLUHFWRU\���7KHUH¦V�DQ�H[DPSOH�RI�XVLQJ�WKLV�$3,�LQ�([DP�
SOH�������,I�WKHUH�LV�QR�IUDJPHQW�LGHQWLILHU��WKHQ�QR�V\PEROLF�OLQN�LV�FUHDWHG��)LOHV�DGGHG
WR�WKH�GLVWULEXWHG�FDFKH�XVLQJ�GenericOptionsParser�DUH�DXWRPDWLFDOO\�V\POLQNHG�

6\PEROLF�OLQNV�DUH�QRW�FUHDWHG�IRU�ILOHV�LQ�WKH�GLVWULEXWHG�FDFKH�ZKHQ
XVLQJ�WKH�ORFDO�MRE�UXQQHU��VR�IRU�WKLV�UHDVRQ�\RX�PD\�FKRRVH�WR�XVH�WKH�
getLocalCacheFiles()� DQG� getLocalCacheArchives()� PHWKRGV� �GLV�
FXVVHG�QH[W��LI�\RX�ZDQW�\RXU�MREV�WR�ZRUN�ERWK�ORFDOO\�DQG�RQ�D�FOXVWHU�

7KH�VHFRQG�SDUW�RI�WKH�GLVWULEXWHG�FDFKH�$3,�LV�IRXQG�RQ�JobContext��DQG�LW�LV�XVHG�IURP
WKH�PDS�RU�UHGXFH�WDVN�FRGH�ZKHQ�\RX�ZDQW�WR�DFFHVV�ILOHV�IURP�WKH�GLVWULEXWHG�FDFKH�

public Path[] getLocalCacheFiles() throws IOException;
public Path[] getLocalCacheArchives() throws IOException;
public Path[] getFileClassPaths();
public Path[] getArchiveClassPaths();

,I�WKH�ILOHV�IURP�WKH�GLVWULEXWHG�FDFKH�KDYH�V\PEROLF�OLQNV�LQ�WKH�WDVN¦V�ZRUNLQJ�GLUHF�
WRU\��\RX�FDQ�DFFHVV�WKH�ORFDOL]HG�ILOH�GLUHFWO\�E\�QDPH��DV�ZH�GLG�LQ�([DPSOH�������,W¦V
DOVR�SRVVLEOH�WR�JHW�D�UHIHUHQFH�WR�ILOHV�DQG�DUFKLYHV�LQ�WKH�FDFKH�XVLQJ�WKH�getLocal
CacheFiles()�DQG�getLocalCacheArchives()�PHWKRGV��,Q�WKH�FDVH�RI�DUFKLYHV��WKH�SDWKV
UHWXUQHG�DUH�WR�WKH�GLUHFWRU\�FRQWDLQLQJ�WKH�XQDUFKLYHG�ILOHV���)RU�FRPSOHWHQHVV��\RX
FDQ�DOVR�UHWULHYH�WKH�ILOHV�DQG�DUFKLYHV�DGGHG�WR�WKH�WDVN�FODVVSDWK�YLD�getFileClass
Paths()�DQG�getArchiveClassPaths()��

1RWH�WKDW�ILOHV�DUH�UHWXUQHG�DV�ORFDO�Path�REMHFWV��7R�UHDG�WKH�ILOHV��\RX�FDQ�XVH�D�+DGRRS
ORFDO�FileSystem�LQVWDQFH��UHWULHYHG�XVLQJ�LWV�getLocal()�PHWKRG��$OWHUQDWLYHO\��\RX�FDQ
XVH�WKH�java.io.File�$3,��DV�VKRZQ�LQ�WKLV�XSGDWHG�setup()�PHWKRG�IRU�MaxTempera
tureReducerWithStationLookup�

    @Override
    protected void setup(Context context)
        throws IOException, InterruptedException {
      metadata = new NcdcStationMetadata();
      Path[] localPaths = context.getLocalCacheFiles();
      if (localPaths.length == 0) {
        throw new FileNotFoundException("Distributed cache file not found.");
      }
      File localFile = new File(localPaths[0].toString());
      metadata.initialize(localFile);
    }

:KHQ�XVLQJ�WKH�ROG�0DS5HGXFH�$3,��ZH�XVH�WKH�VWDWLF�PHWKRG�RQ�DistributedCache
LQVWHDG��DV�IROORZV�

    @Override
    public void configure(JobConf conf) {
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      metadata = new NcdcStationMetadata();
      try {
        Path[] localPaths = DistributedCache.getLocalCacheFiles(conf);
        if (localPaths.length == 0) {
          throw new FileNotFoundException("Distributed cache file not found.");
        }
        File localFile = new File(localPaths[0].toString());
        metadata.initialize(localFile);
      } catch (IOException e) {
        throw new RuntimeException(e);
      }
    }

MapReduce Library Classes
+DGRRS�FRPHV�ZLWK�D�OLEUDU\�RI�PDSSHUV�DQG�UHGXFHUV�IRU�FRPPRQO\�XVHG�IXQFWLRQV�
7KH\�DUH�OLVWHG�ZLWK�EULHI�GHVFULSWLRQV�LQ�7DEOH������)RU�IXUWKHU�LQIRUPDWLRQ�RQ�KRZ�WR
XVH�WKHP��SOHDVH�FRQVXOW�WKHLU�-DYD�GRFXPHQWDWLRQ�

7DEOH������0DS5HGXFH�OLEUDU\�FODVVHV

Classes Description

ChainMapper, ChainReducer Runs a chain of mappers in a single mapper, and runs a reducer followed by a
chain of mappers in a single reducer. (Symbolically, M+RM*, where M is a mapper
and R is a reducer.) This can substantially reduce the amount of disk I/O incurred
compared to running multiple MapReduce jobs.

FieldSelectionMapReduce (old API)
FieldSelectionMapper and
FieldSelectionReducer (new API)

A mapper and a reducer that can select fields (like the Unix cut command) from
the input keys and values and emit them as output keys and values.

IntSumReducer, 
LongSumReducer

Reducers that sum integer values to produce a total for every key.

InverseMapper A mapper that swaps keys and values.

MultithreadedMapRunner (old API)
MultithreadedMapper (new API)

A mapper (or map runner in the old API) that runs mappers concurrently in
separate threads. Useful for mappers that are not CPU-bound.

TokenCounterMapper A mapper that tokenizes the input value into words (using Java’s
StringTokenizer) and emits each word along with a count of one.

RegexMapper A mapper that finds matches of a regular expression in the input value and emits
the matches along with a count of one.
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CHAPTER 9

Setting Up a Hadoop Cluster

7KLV�FKDSWHU�H[SODLQV�KRZ�WR�VHW�XS�+DGRRS�WR�UXQ�RQ�D�FOXVWHU�RI�PDFKLQHV��5XQQLQJ
+')6�DQG�0DS5HGXFH�RQ�D�VLQJOH�PDFKLQH�LV�JUHDW�IRU�OHDUQLQJ�DERXW�WKHVH�V\VWHPV�
EXW�WR�GR�XVHIXO�ZRUN�WKH\�QHHG�WR�UXQ�RQ�PXOWLSOH�QRGHV�

7KHUH�DUH�D�IHZ�RSWLRQV�ZKHQ�LW�FRPHV�WR�JHWWLQJ�D�+DGRRS�FOXVWHU��IURP�EXLOGLQJ�\RXU
RZQ��WR�UXQQLQJ�RQ�UHQWHG�KDUGZDUH�RU�XVLQJ�DQ�RIIHULQJ�WKDW�SURYLGHV�+DGRRS�DV�D
VHUYLFH�LQ�WKH�FORXG��7KLV�FKDSWHU�DQG�WKH�QH[W�JLYH�\RX�HQRXJK�LQIRUPDWLRQ�WR�VHW�XS
DQG�RSHUDWH�\RXU�RZQ�FOXVWHU��EXW�HYHQ�LI�\RX�DUH�XVLQJ�D�+DGRRS�VHUYLFH�LQ�ZKLFK�D
ORW�RI�WKH�URXWLQH�PDLQWHQDQFH�LV�GRQH�IRU�\RX��WKHVH�FKDSWHUV�VWLOO�RIIHU�YDOXDEOH�LQIRU�
PDWLRQ�DERXW�KRZ�+DGRRS�ZRUNV�IURP�DQ�RSHUDWLRQV�SRLQW�RI�YLHZ�

Cluster Specification
+DGRRS�LV�GHVLJQHG�WR�UXQ�RQ�FRPPRGLW\�KDUGZDUH��7KDW�PHDQV�WKDW�\RX�DUH�QRW�WLHG
WR�H[SHQVLYH��SURSULHWDU\�RIIHULQJV�IURP�D�VLQJOH�YHQGRU��UDWKHU��\RX�FDQ�FKRRVH�VWDQG�
DUGL]HG��FRPPRQO\�DYDLODEOH�KDUGZDUH�IURP�DQ\�RI�D�ODUJH�UDQJH�RI�YHQGRUV�WR�EXLOG
\RXU�FOXVWHU�

£&RPPRGLW\¤�GRHV�QRW�PHDQ�£ORZ�HQG�¤�/RZ�HQG�PDFKLQHV�RIWHQ�KDYH�FKHDS�FRP�
SRQHQWV��ZKLFK�KDYH�KLJKHU�IDLOXUH�UDWHV�WKDQ�PRUH�H[SHQVLYH��EXW�VWLOO�FRPPRGLW\�
FODVV��PDFKLQHV��:KHQ�\RX�DUH�RSHUDWLQJ�WHQV��KXQGUHGV��RU�WKRXVDQGV�RI�PDFKLQHV�
FKHDS�FRPSRQHQWV�WXUQ�RXW�WR�EH�D�IDOVH�HFRQRP\��DV�WKH�KLJKHU�IDLOXUH�UDWH�LQFXUV�D
JUHDWHU�PDLQWHQDQFH�FRVW��2Q�WKH�RWKHU�KDQG��ODUJH�GDWDEDVH�FODVV�PDFKLQHV�DUH�QRW
UHFRPPHQGHG�HLWKHU��VLQFH�WKH\�GRQ¦W�VFRUH�ZHOO�RQ�WKH�SULFH�SHUIRUPDQFH�FXUYH��$QG
HYHQ�WKRXJK�\RX�ZRXOG�QHHG�IHZHU�RI�WKHP�WR�EXLOG�D�FOXVWHU�RI�FRPSDUDEOH�SHUIRU�
PDQFH�WKDQ�RQH�EXLOW�RI�PLG�UDQJH�FRPPRGLW\�KDUGZDUH��ZKHQ�RQH�GLG�IDLO��LW�ZRXOG
KDYH�D�ELJJHU�LPSDFW�RQ�WKH�FOXVWHU�EHFDXVH�D�ODUJHU�SURSRUWLRQ�RI�WKH�FOXVWHU�KDUGZDUH
ZRXOG�EH�XQDYDLODEOH�
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+DUGZDUH�VSHFLILFDWLRQV� UDSLGO\�EHFRPH�REVROHWH��EXW� IRU� WKH�VDNH�RI� LOOXVWUDWLRQ��D
W\SLFDO�FKRLFH�RI�PDFKLQH�IRU�UXQQLQJ�D�+DGRRS�GDWDQRGH�DQG�WDVNWUDFNHU�LQ�PLG�����
ZRXOG�KDYH�WKH�IROORZLQJ�VSHFLILFDWLRQV�

3URFHVVRU
7ZR�TXDG�FRUH�������*+]�&38V

0HPRU\
������*%�(&&�5$0�

6WRUDJH
)RXU���7%�6$7$�GLVNV

1HWZRUN
*LJDELW�(WKHUQHW

$OWKRXJK�WKH�KDUGZDUH�VSHFLILFDWLRQ�IRU�\RXU�FOXVWHU�ZLOO�DVVXUHGO\�EH�GLIIHUHQW��+D�
GRRS�LV�GHVLJQHG�WR�XVH�PXOWLSOH�FRUHV�DQG�GLVNV��VR�LW�ZLOO�EH�DEOH�WR�WDNH�IXOO�DGYDQWDJH
RI�PRUH�SRZHUIXO�KDUGZDUH�

Why Not Use RAID?
+')6� FOXVWHUV� GR� QRW� EHQHILW� IURP�XVLQJ�5$,'� �5HGXQGDQW�$UUD\� RI� ,QGHSHQGHQW
'LVNV��IRU�GDWDQRGH�VWRUDJH��DOWKRXJK�5$,'�LV�UHFRPPHQGHG�IRU�WKH�QDPHQRGH¦V�GLVNV�
WR�SURWHFW�DJDLQVW�FRUUXSWLRQ�RI�LWV�PHWDGDWD���7KH�UHGXQGDQF\�WKDW�5$,'�SURYLGHV�LV
QRW�QHHGHG��VLQFH�+')6�KDQGOHV�LW�E\�UHSOLFDWLRQ�EHWZHHQ�QRGHV�

)XUWKHUPRUH��5$,'�VWULSLQJ��5$,'�����ZKLFK� LV�FRPPRQO\�XVHG�WR� LQFUHDVH�SHUIRU�
PDQFH��WXUQV�RXW�WR�EH�VORZHU�WKDQ�WKH�-%2'��-XVW�D�%XQFK�2I�'LVNV��FRQILJXUDWLRQ
XVHG�E\�+')6��ZKLFK�URXQG�URELQV�+')6�EORFNV�EHWZHHQ�DOO�GLVNV��7KLV�LV�EHFDXVH
5$,'���UHDG�DQG�ZULWH�RSHUDWLRQV�DUH�OLPLWHG�E\�WKH�VSHHG�RI�WKH�VORZHVW�GLVN�LQ�WKH
5$,'�DUUD\��,Q�-%2'��GLVN�RSHUDWLRQV�DUH�LQGHSHQGHQW��VR�WKH�DYHUDJH�VSHHG�RI�RSHU�
DWLRQV�LV�JUHDWHU�WKDQ�WKDW�RI�WKH�VORZHVW�GLVN��'LVN�SHUIRUPDQFH�RIWHQ�VKRZV�FRQVLG�
HUDEOH�YDULDWLRQ�LQ�SUDFWLFH��HYHQ�IRU�GLVNV�RI�WKH�VDPH�PRGHO��,Q�VRPH�EHQFKPDUNLQJ
FDUULHG� RXW� RQ� D� <DKRR�� FOXVWHU� �KWWS���PDUNPDLO�RUJ�PHVVDJH�[P]F��]L��KWU�U\��
-%2'�SHUIRUPHG�����IDVWHU� WKDQ�5$,'��� LQ�RQH�WHVW� �*ULGPL[��DQG�����EHWWHU� LQ
DQRWKHU��+')6�ZULWH�WKURXJKSXW��

)LQDOO\��LI�D�GLVN�IDLOV�LQ�D�-%2'�FRQILJXUDWLRQ��+')6�FDQ�FRQWLQXH�WR�RSHUDWH�ZLWKRXW
WKH�IDLOHG�GLVN��ZKHUHDV�ZLWK�5$,'��IDLOXUH�RI�D�VLQJOH�GLVN�FDXVHV�WKH�ZKROH�DUUD\��DQG
KHQFH�WKH�QRGH��WR�EHFRPH�XQDYDLODEOH�

7KH�EXON�RI�+DGRRS�LV�ZULWWHQ�LQ�-DYD�DQG�FDQ�WKHUHIRUH�UXQ�RQ�DQ\�SODWIRUP�ZLWK�D
-90�� DOWKRXJK� WKHUH� DUH� HQRXJK� SDUWV� WKDW� KDUERU� 8QL[� DVVXPSWLRQV� �WKH� FRQWURO
VFULSWV��IRU�H[DPSOH��WR�PDNH�LW�XQZLVH�WR�UXQ�RQ�D�QRQ�8QL[�SODWIRUP�LQ�SURGXFWLRQ�

�� (&&�PHPRU\�LV�VWURQJO\�UHFRPPHQGHG��DV�VHYHUDO�+DGRRS�XVHUV�KDYH�UHSRUWHG�VHHLQJ�PDQ\�FKHFNVXP
HUURUV�ZKHQ�XVLQJ�QRQ�(&&�PHPRU\�RQ�+DGRRS�FOXVWHUV�
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,Q�IDFW��:LQGRZV�RSHUDWLQJ�V\VWHPV�DUH�QRW�VXSSRUWHG�SURGXFWLRQ�SODWIRUPV��DOWKRXJK
WKH\�FDQ�EH�XVHG�ZLWK�&\JZLQ�DV�D�GHYHORSPHQW�SODWIRUP��VHH�$SSHQGL[�$��

+RZ�ODUJH�VKRXOG�\RXU�FOXVWHU�EH"�7KHUH�LVQ¦W�DQ�H[DFW�DQVZHU�WR�WKLV�TXHVWLRQ��EXW�WKH
EHDXW\�RI�+DGRRS�LV�WKDW�\RX�FDQ�VWDUW�ZLWK�D�VPDOO�FOXVWHU��VD\�����QRGHV��DQG�JURZ�LW
DV�\RXU�VWRUDJH�DQG�FRPSXWDWLRQDO�QHHGV�JURZ��,Q�PDQ\�ZD\V��D�EHWWHU�TXHVWLRQ�LV�WKLV�
KRZ�IDVW�GRHV�P\�FOXVWHU�QHHG�WR�JURZ"�<RX�FDQ�JHW�D�JRRG�IHHO�IRU�WKLV�E\�FRQVLGHULQJ
VWRUDJH�FDSDFLW\�

)RU�H[DPSOH��LI�\RXU�GDWD�JURZV�E\���7%�D�ZHHN�DQG�\RX�KDYH�WKUHH�ZD\�+')6�UHSOL�
FDWLRQ��\RX�QHHG�DQ�DGGLWLRQDO���7%�RI�UDZ�VWRUDJH�SHU�ZHHN��$OORZ�VRPH�URRP�IRU
LQWHUPHGLDWH�ILOHV�DQG�ORJILOHV��DURXQG������VD\���DQG�WKLV�ZRUNV�RXW�DW�DERXW�RQH�������
YLQWDJH��PDFKLQH�SHU�ZHHN��RQ�DYHUDJH��,Q�SUDFWLFH��\RX�ZRXOGQ¦W�EX\�D�QHZ�PDFKLQH
HDFK�ZHHN�DQG�DGG�LW�WR�WKH�FOXVWHU��7KH�YDOXH�RI�GRLQJ�D�EDFN�RI�WKH�HQYHORSH�FDOFX�
ODWLRQ�OLNH�WKLV� LV� WKDW� LW�JLYHV�\RX�D�IHHO� IRU�KRZ�ELJ�\RXU�FOXVWHU�VKRXOG�EH��,Q�WKLV
H[DPSOH��D�FOXVWHU�WKDW�KROGV�WZR�\HDUV�RI�GDWD�QHHGV�����PDFKLQHV�

)RU�D�VPDOO�FOXVWHU��RQ�WKH�RUGHU�RI����QRGHV���LW�LV�XVXDOO\�DFFHSWDEOH�WR�UXQ�WKH�QDPH�
QRGH�DQG�WKH�MREWUDFNHU�RQ�D�VLQJOH�PDVWHU�PDFKLQH��DV�ORQJ�DV�DW�OHDVW�RQH�FRS\�RI�WKH
QDPHQRGH¦V�PHWDGDWD�LV�VWRUHG�RQ�D�UHPRWH�ILOHV\VWHP���$V�WKH�FOXVWHU�DQG�WKH�QXPEHU
RI�ILOHV�VWRUHG�LQ�+')6�JURZ��WKH�QDPHQRGH�QHHGV�PRUH�PHPRU\��VR�WKH�QDPHQRGH
DQG�MREWUDFNHU�VKRXOG�EH�PRYHG�RQWR�VHSDUDWH�PDFKLQHV�

7KH�VHFRQGDU\�QDPHQRGH�FDQ�EH�UXQ�RQ�WKH�VDPH�PDFKLQH�DV�WKH�QDPHQRGH��EXW�DJDLQ
IRU�UHDVRQV�RI�PHPRU\�XVDJH��WKH�VHFRQGDU\�KDV�WKH�VDPH�PHPRU\�UHTXLUHPHQWV�DV�WKH
SULPDU\���LW�LV�EHVW�WR�UXQ�LW�RQ�D�VHSDUDWH�SLHFH�RI�KDUGZDUH��HVSHFLDOO\�IRU�ODUJHU�FOXVWHUV�
�7KLV� WRSLF� LV� GLVFXVVHG� LQ� PRUH� GHWDLO� LQ� £0DVWHU� QRGH� VFHQDULRV¤� RQ� SDJH� �����
0DFKLQHV�UXQQLQJ�WKH�QDPHQRGHV�VKRXOG�W\SLFDOO\�UXQ�RQ����ELW�KDUGZDUH�WR�DYRLG�WKH
��*%�OLPLW�RQ�-DYD�KHDS�VL]H�LQ����ELW�DUFKLWHFWXUHV��

Network Topology
$�FRPPRQ�+DGRRS�FOXVWHU�DUFKLWHFWXUH�FRQVLVWV�RI�D�WZR�OHYHO�QHWZRUN�WRSRORJ\��DV
LOOXVWUDWHG�LQ�)LJXUH������7\SLFDOO\�WKHUH�DUH����WR����VHUYHUV�SHU�UDFN��ZLWK�D���*%�VZLWFK
IRU�WKH�UDFN��RQO\�WKUHH�DUH�VKRZQ�LQ�WKH�GLDJUDP��DQG�DQ�XSOLQN�WR�D�FRUH�VZLWFK�RU
URXWHU��ZKLFK�LV�QRUPDOO\���*%�RU�EHWWHU���7KH�VDOLHQW�SRLQW�LV�WKDW�WKH�DJJUHJDWH�EDQG�
ZLGWK�EHWZHHQ�QRGHV�RQ�WKH�VDPH�UDFN�LV�PXFK�JUHDWHU�WKDQ�WKDW�EHWZHHQ�QRGHV�RQ
GLIIHUHQW�UDFNV�

�� 7KH�WUDGLWLRQDO�DGYLFH�VD\V�RWKHU�PDFKLQHV�LQ�WKH�FOXVWHU��MREWUDFNHU��GDWDQRGHV�WDVNWUDFNHUV��VKRXOG�EH
���ELW�WR�DYRLG�WKH�PHPRU\�RYHUKHDG�RI�ODUJHU�SRLQWHUV��6XQ¦V�-DYD���XSGDWH����IHDWXUHV�£FRPSUHVVHG
RUGLQDU\�REMHFW�SRLQWHUV�¤�ZKLFK�HOLPLQDWHV�PXFK�RI�WKLV�RYHUKHDG��VR�WKHUH¦V�QRZ�QR�UHDO�GRZQVLGH�WR
UXQQLQJ�RQ����ELW�KDUGZDUH�
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Rack awareness
7R�JHW�PD[LPXP�SHUIRUPDQFH�RXW�RI�+DGRRS��LW�LV�LPSRUWDQW�WR�FRQILJXUH�+DGRRS�VR
WKDW�LW�NQRZV�WKH�WRSRORJ\�RI�\RXU�QHWZRUN��,I�\RXU�FOXVWHU�UXQV�RQ�D�VLQJOH�UDFN��WKHQ
WKHUH�LV�QRWKLQJ�PRUH�WR�GR��VLQFH�WKLV�LV�WKH�GHIDXOW��+RZHYHU��IRU�PXOWLUDFN�FOXVWHUV�
\RX�QHHG�WR�PDS�QRGHV�WR�UDFNV��%\�GRLQJ�WKLV��+DGRRS�ZLOO�SUHIHU�ZLWKLQ�UDFN�WUDQVIHUV
�ZKHUH� WKHUH� LV� PRUH� EDQGZLGWK� DYDLODEOH�� WR� RII�UDFN� WUDQVIHUV� ZKHQ� SODFLQJ
0DS5HGXFH�WDVNV�RQ�QRGHV��+')6�ZLOO�EH�DEOH�WR�SODFH�UHSOLFDV�PRUH�LQWHOOLJHQWO\�WR
WUDGH�RII�SHUIRUPDQFH�DQG�UHVLOLHQFH�

1HWZRUN�ORFDWLRQV�VXFK�DV�QRGHV�DQG�UDFNV�DUH�UHSUHVHQWHG�LQ�D�WUHH��ZKLFK�UHIOHFWV�WKH
QHWZRUN�£GLVWDQFH¤�EHWZHHQ�ORFDWLRQV��7KH�QDPHQRGH�XVHV�WKH�QHWZRUN�ORFDWLRQ�ZKHQ
GHWHUPLQLQJ� ZKHUH� WR� SODFH� EORFN� UHSOLFDV� �VHH� £1HWZRUN� 7RSRORJ\� DQG� +D�
GRRS¤�RQ�SDJH� ����� WKH�0DS5HGXFH� VFKHGXOHU�XVHV�QHWZRUN� ORFDWLRQ� WR�GHWHUPLQH
ZKHUH�WKH�FORVHVW�UHSOLFD�LV�DV�LQSXW�WR�D�PDS�WDVN�

)RU�WKH�QHWZRUN�LQ�)LJXUH������WKH�UDFN�WRSRORJ\�LV�GHVFULEHG�E\�WZR�QHWZRUN�ORFDWLRQV�
VD\���VZLWFK��UDFN��DQG��VZLWFK��UDFN���%HFDXVH�WKHUH�LV�RQO\�RQH�WRS�OHYHO�VZLWFK�LQ
WKLV�FOXVWHU��WKH�ORFDWLRQV�FDQ�EH�VLPSOLILHG�WR��UDFN��DQG��UDFN��

7KH�+DGRRS�FRQILJXUDWLRQ�PXVW�VSHFLI\�D�PDS�EHWZHHQ�QRGH�DGGUHVVHV�DQG�QHWZRUN
ORFDWLRQV�� 7KH� PDS� LV� GHVFULEHG� E\� D� -DYD� LQWHUIDFH�� DNSToSwitchMapping�� ZKRVH
VLJQDWXUH�LV�

public interface DNSToSwitchMapping {
  public List<String> resolve(List<String> names);
}

)LJXUH������7\SLFDO�WZR�OHYHO�QHWZRUN�DUFKLWHFWXUH�IRU�D�+DGRRS�FOXVWHU

300 | Chapter 9:ಗSetting Up a Hadoop Cluster



7KH�names�SDUDPHWHU� LV�D� OLVW�RI�,3�DGGUHVVHV��DQG�WKH�UHWXUQ�YDOXH�LV�D� OLVW�RI�FRUUH�
VSRQGLQJ�QHWZRUN�ORFDWLRQ�VWULQJV��7KH�topology.node.switch.mapping.impl�FRQILJX�
UDWLRQ�SURSHUW\�GHILQHV�DQ�LPSOHPHQWDWLRQ�RI�WKH�DNSToSwitchMapping�LQWHUIDFH�WKDW�WKH
QDPHQRGH�DQG�WKH�MREWUDFNHU�XVH�WR�UHVROYH�ZRUNHU�QRGH�QHWZRUN�ORFDWLRQV�

)RU�WKH�QHWZRUN�LQ�RXU�H[DPSOH��ZH�ZRXOG�PDS�QRGH���QRGH���DQG�QRGH��WR��UDFN��
DQG�QRGH���QRGH���DQG�QRGH��WR��UDFN��

0RVW�LQVWDOODWLRQV�GRQ¦W�QHHG�WR�LPSOHPHQW�WKH�LQWHUIDFH�WKHPVHOYHV��KRZHYHU��VLQFH
WKH�GHIDXOW�LPSOHPHQWDWLRQ�LV�ScriptBasedMapping��ZKLFK�UXQV�D�XVHU�GHILQHG�VFULSW�WR
GHWHUPLQH� WKH� PDSSLQJ�� 7KH� VFULSW¦V� ORFDWLRQ� LV� FRQWUROOHG� E\� WKH� SURSHUW\�
topology.script.file.name��7KH�VFULSW�PXVW�DFFHSW�D�YDULDEOH�QXPEHU�RI�DUJXPHQWV
WKDW�DUH�WKH�KRVWQDPHV�RU�,3�DGGUHVVHV�WR�EH�PDSSHG��DQG�LW�PXVW�HPLW�WKH�FRUUHVSRQG�
LQJ�QHWZRUN�ORFDWLRQV�WR�VWDQGDUG�RXWSXW��VHSDUDWHG�E\�ZKLWHVSDFH��7KH�+DGRRS�ZLNL
KDV�DQ�H[DPSOH�DW�KWWS���ZLNL�DSDFKH�RUJ�KDGRRS�WRSRORJ\BUDFNBDZDUHQHVVBVFULSWV�

,I�QR�VFULSW�ORFDWLRQ�LV�VSHFLILHG��WKH�GHIDXOW�EHKDYLRU�LV�WR�PDS�DOO�QRGHV�WR�D�VLQJOH
QHWZRUN�ORFDWLRQ��FDOOHG��GHIDXOW�UDFN�

Cluster Setup and Installation
<RXU�KDUGZDUH�KDV�DUULYHG��7KH�QH[W�VWHSV�DUH�WR�JHW�LW�UDFNHG�XS�DQG�LQVWDOO�WKH�VRIWZDUH
QHHGHG�WR�UXQ�+DGRRS�

7KHUH�DUH�YDULRXV�ZD\V�WR�LQVWDOO�DQG�FRQILJXUH�+DGRRS��7KLV�FKDSWHU�GHVFULEHV�KRZ
WR�GR�LW�IURP�VFUDWFK�XVLQJ�WKH�$SDFKH�+DGRRS�GLVWULEXWLRQ�DQG�SURYLGHV�EDFNJURXQG
LQIRUPDWLRQ�RQ�WKH�WKLQJV�\RX�QHHG�WR�WKLQN�DERXW�ZKHQ�VHWWLQJ�XS�+DGRRS��$OWHUQD�
WLYHO\��LI�\RX�ZRXOG�OLNH�WR�XVH�530V�RU�'HELDQ�SDFNDJHV�IRU�PDQDJLQJ�\RXU�+DGRRS
LQVWDOODWLRQ��WKHQ�\RX�PLJKW�ZDQW�WR�VWDUW�ZLWK�&ORXGHUD¦V�'LVWULEXWLRQ��GHVFULEHG�LQ
$SSHQGL[�%�

7R�HDVH�WKH�EXUGHQ�RI�LQVWDOOLQJ�DQG�PDLQWDLQLQJ�WKH�VDPH�VRIWZDUH�RQ�HDFK�QRGH��LW�LV
QRUPDO�WR�XVH�DQ�DXWRPDWHG�LQVWDOODWLRQ�PHWKRG�VXFK�DV�5HG�+DW�/LQX[¦V�.LFNVWDUW�RU
'HELDQ¦V�)XOO\�$XWRPDWLF�,QVWDOODWLRQ��7KHVH�WRROV�DOORZ�\RX�WR�DXWRPDWH�WKH�RSHUDWLQJ
V\VWHP�LQVWDOODWLRQ�E\�UHFRUGLQJ�WKH�DQVZHUV�WR�TXHVWLRQV�WKDW�DUH�DVNHG�GXULQJ�WKH
LQVWDOODWLRQ�SURFHVV��VXFK�DV�WKH�GLVN�SDUWLWLRQ�OD\RXW���DV�ZHOO�DV�ZKLFK�SDFNDJHV�WR
LQVWDOO��&UXFLDOO\��WKH\�DOVR�SURYLGH�KRRNV�WR�UXQ�VFULSWV�DW�WKH�HQG�RI�WKH�SURFHVV��ZKLFK
DUH�LQYDOXDEOH�IRU�GRLQJ�WKH�ILQDO�V\VWHP�WZHDNV�DQG�FXVWRPL]DWLRQ�WKDW�DUH�QRW�FRYHUHG
E\�WKH�VWDQGDUG�LQVWDOOHU�

7KH�IROORZLQJ�VHFWLRQV�GHVFULEH�WKH�FXVWRPL]DWLRQV�WKDW�DUH�QHHGHG�WR�UXQ�+DGRRS�
7KHVH�VKRXOG�DOO�EH�DGGHG�WR�WKH�LQVWDOODWLRQ�VFULSW�
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Installing Java
-DYD���RU�ODWHU�LV�UHTXLUHG�WR�UXQ�+DGRRS��7KH�ODWHVW�VWDEOH�6XQ�-'.�LV�WKH�SUHIHUUHG
RSWLRQ��DOWKRXJK�-DYD�GLVWULEXWLRQV�IURP�RWKHU�YHQGRUV�PD\�ZRUN��WRR��7KH�IROORZLQJ
FRPPDQG�FRQILUPV�WKDW�-DYD�ZDV�LQVWDOOHG�FRUUHFWO\�

% java -version
java version "1.6.0_12"
Java(TM) SE Runtime Environment (build 1.6.0_12-b04)
Java HotSpot(TM) 64-Bit Server VM (build 11.2-b01, mixed mode)

Creating a Hadoop User
,W¦V�JRRG�SUDFWLFH�WR�FUHDWH�D�GHGLFDWHG�+DGRRS�XVHU�DFFRXQW�WR�VHSDUDWH�WKH�+DGRRS
LQVWDOODWLRQ�IURP�RWKHU�VHUYLFHV�UXQQLQJ�RQ�WKH�VDPH�PDFKLQH�

)RU�VPDOO�FOXVWHUV��VRPH�DGPLQLVWUDWRUV�FKRRVH�WR�PDNH�WKLV�XVHU¦V�KRPH�GLUHFWRU\�DQ
1)6�PRXQWHG�GULYH��WR�DLG�ZLWK�66+�NH\�GLVWULEXWLRQ��VHH�WKH�IROORZLQJ�GLVFXVVLRQ��
7KH�1)6�VHUYHU� LV� W\SLFDOO\�RXWVLGH�WKH�+DGRRS�FOXVWHU�� ,I�\RX�XVH�1)6�� LW� LV�ZRUWK
FRQVLGHULQJ�DXWRIV��ZKLFK�DOORZV�\RX�WR�PRXQW�WKH�1)6�ILOHV\VWHP�RQ�GHPDQG�ZKHQ
WKH�V\VWHP�DFFHVVHV�LW��$XWRIV�SURYLGHV�VRPH�SURWHFWLRQ�DJDLQVW�WKH�1)6�VHUYHU�IDLOLQJ
DQG�DOORZV�\RX�WR�XVH�UHSOLFDWHG�ILOHV\VWHPV�IRU�IDLORYHU��7KHUH�DUH�RWKHU�1)6�JRWFKDV
WR�ZDWFK�RXW�IRU��VXFK�DV�V\QFKURQL]LQJ�8,'V�DQG�*,'V��)RU�KHOS�VHWWLQJ�XS�1)6�RQ
/LQX[��UHIHU�WR�WKH�+2:72�DW�KWWS���QIV�VRXUFHIRUJH�QHW�QIV�KRZWR�LQGH[�KWPO�

Installing Hadoop
'RZQORDG�+DGRRS�IURP�WKH�$SDFKH�+DGRRS�UHOHDVHV�SDJH��KWWS���KDGRRS�DSDFKH�RUJ�
FRUH�UHOHDVHV�KWPO���DQG�XQSDFN�WKH�FRQWHQWV�RI�WKH�GLVWULEXWLRQ�LQ�D�VHQVLEOH�ORFDWLRQ�
VXFK�DV��XVU�ORFDO���RSW�LV�DQRWKHU�VWDQGDUG�FKRLFH���1RWH�WKDW�+DGRRS�LV�QRW�LQVWDOOHG
LQ�WKH�hadoop�XVHU¦V�KRPH�GLUHFWRU\��DV�WKDW�PD\�EH�DQ�1)6�PRXQWHG�GLUHFWRU\�

% cd /usr/local
% sudo tar xzf hadoop-x.y.z.tar.gz

:H�DOVR�QHHG�WR�FKDQJH�WKH�RZQHU�RI�WKH�+DGRRS�ILOHV�WR�EH�WKH�hadoop�XVHU�DQG�JURXS�

% sudo chown -R hadoop:hadoop hadoop-x.y.z
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6RPH�DGPLQLVWUDWRUV�OLNH�WR�LQVWDOO�+')6�DQG�0DS5HGXFH�LQ�VHSDUDWH
ORFDWLRQV�RQ�WKH�VDPH�V\VWHP��$W�WKH�WLPH�RI�WKLV�ZULWLQJ��RQO\�+')6
DQG�0DS5HGXFH�IURP�WKH�VDPH�+DGRRS�UHOHDVH�DUH�FRPSDWLEOH�ZLWK�RQH
DQRWKHU��KRZHYHU��LQ�IXWXUH�UHOHDVHV��WKH�FRPSDWLELOLW\�UHTXLUHPHQWV�ZLOO
EH� ORRVHQHG�� :KHQ� WKLV� KDSSHQV�� KDYLQJ� LQGHSHQGHQW� LQVWDOODWLRQV
PDNHV� VHQVH�� DV� LW� JLYHV� PRUH� XSJUDGH� RSWLRQV� �IRU� PRUH�� VHH� £8S�
JUDGHV¤�RQ�SDJH�������)RU�H[DPSOH��LW�LV�FRQYHQLHQW�WR�EH�DEOH�WR�XS�
JUDGH� 0DS5HGXFH¢SHUKDSV� WR� SDWFK� D� EXJ¢ZKLOH� OHDYLQJ� +')6
UXQQLQJ�

1RWH�WKDW�VHSDUDWH�LQVWDOODWLRQV�RI�+')6�DQG�0DS5HGXFH�FDQ�VWLOO�VKDUH
FRQILJXUDWLRQ�E\�XVLQJ�WKH�--config�RSWLRQ��ZKHQ�VWDUWLQJ�GDHPRQV��WR
UHIHU�WR�D�FRPPRQ�FRQILJXUDWLRQ�GLUHFWRU\��7KH\�FDQ�DOVR�ORJ�WR�WKH�VDPH
GLUHFWRU\�EHFDXVH�WKH�ORJILOHV�WKH\�SURGXFH�DUH�QDPHG�LQ�VXFK�D�ZD\�DV
WR�DYRLG�FODVKHV�

Testing the Installation
2QFH�\RX¦YH�FUHDWHG�DQ�LQVWDOODWLRQ�VFULSW��\RX�DUH�UHDG\�WR�WHVW�LW�E\�LQVWDOOLQJ�LW�RQ�WKH
PDFKLQHV�LQ�\RXU�FOXVWHU��7KLV�ZLOO�SUREDEO\�WDNH�D�IHZ�LWHUDWLRQV�DV�\RX�GLVFRYHU�NLQNV
LQ�WKH�LQVWDOO��:KHQ�LW¦V�ZRUNLQJ��\RX�FDQ�SURFHHG�WR�FRQILJXUH�+DGRRS�DQG�JLYH�LW�D
WHVW�UXQ��7KLV�SURFHVV�LV�GRFXPHQWHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

SSH Configuration
7KH�+DGRRS�FRQWURO�VFULSWV��EXW�QRW�WKH�GDHPRQV��UHO\�RQ�66+�WR�SHUIRUP�FOXVWHU�ZLGH
RSHUDWLRQV��)RU�H[DPSOH��WKHUH�LV�D�VFULSW�IRU�VWRSSLQJ�DQG�VWDUWLQJ�DOO�WKH�GDHPRQV�LQ
WKH�FOXVWHU��1RWH�WKDW�WKH�FRQWURO�VFULSWV�DUH�RSWLRQDO¢FOXVWHU�ZLGH�RSHUDWLRQV�FDQ�EH
SHUIRUPHG�E\�RWKHU�PHFKDQLVPV��WRR��VXFK�DV�D�GLVWULEXWHG�VKHOO��

7R�ZRUN� VHDPOHVVO\�� 66+� QHHGV� WR� EH� VHW� XS� WR� DOORZ� SDVVZRUG�OHVV� ORJLQ� IRU� WKH
hadoop�XVHU�IURP�PDFKLQHV�LQ�WKH�FOXVWHU��7KH�VLPSOHVW�ZD\�WR�DFKLHYH�WKLV�LV�WR�JHQHUDWH
D�SXEOLF�SULYDWH�NH\�SDLU�DQG�SODFH�LW�LQ�DQ�1)6�ORFDWLRQ�WKDW�LV�VKDUHG�DFURVV�WKH�FOXVWHU�

)LUVW��JHQHUDWH�DQ�56$�NH\�SDLU�E\�W\SLQJ�WKH�IROORZLQJ�LQ�WKH�hadoop�XVHU�DFFRXQW�

% ssh-keygen -t rsa -f ~/.ssh/id_rsa

(YHQ�WKRXJK�ZH�ZDQW�SDVVZRUG�OHVV�ORJLQV��NH\V�ZLWKRXW�SDVVSKUDVHV�DUH�QRW�FRQVLG�
HUHG�JRRG�SUDFWLFH��LW¦V�2.�WR�KDYH�DQ�HPSW\�SDVVSKUDVH�ZKHQ�UXQQLQJ�D�ORFDO�SVHXGR�
GLVWULEXWHG� FOXVWHU�� DV� GHVFULEHG� LQ�$SSHQGL[�$��� VR�ZH� VSHFLI\� D� SDVVSKUDVH�ZKHQ
SURPSWHG�IRU�RQH��:H�XVH�VVK�DJHQW�WR�DYRLG�WKH�QHHG�WR�HQWHU�D�SDVVZRUG�IRU�HDFK
FRQQHFWLRQ�

7KH�SULYDWH�NH\�LV�LQ�WKH�ILOH�VSHFLILHG�E\�WKH�-f�RSWLRQ��a��VVK�LGBUVD��DQG�WKH�SXEOLF�NH\
LV�VWRUHG�LQ�D�ILOH�ZLWK�WKH�VDPH�QDPH�EXW�ZLWK��SXE�DSSHQGHG��a��VVK�LGBUVD�SXE�

SSH Configuration | 303



1H[W�ZH�QHHG�WR�PDNH�VXUH�WKDW�WKH�SXEOLF�NH\�LV�LQ�WKH�a��VVK�DXWKRUL]HGBNH\V�ILOH�RQ
DOO�WKH�PDFKLQHV�LQ�WKH�FOXVWHU�WKDW�ZH�ZDQW�WR�FRQQHFW�WR��,I�WKH�hadoop�XVHU¦V�KRPH
GLUHFWRU\�LV�DQ�1)6�ILOHV\VWHP��DV�GHVFULEHG�HDUOLHU��WKH�NH\V�FDQ�EH�VKDUHG�DFURVV�WKH
FOXVWHU�E\�W\SLQJ�

% cat ~/.ssh/id_rsa.pub >> ~/.ssh/authorized_keys

,I�WKH�KRPH�GLUHFWRU\�LV�QRW�VKDUHG�XVLQJ�1)6��WKH�SXEOLF�NH\V�ZLOO�QHHG�WR�EH�VKDUHG
E\�VRPH�RWKHU�PHDQV��VXFK�DV�VVK�FRS\�LG��

7HVW� WKDW� \RX� FDQ� 66+� IURP� WKH�PDVWHU� WR� D�ZRUNHU�PDFKLQH� E\�PDNLQJ� VXUH� VVK�
DJHQW�LV�UXQQLQJ���DQG�WKHQ�UXQ�VVK�DGG�WR�VWRUH�\RXU�SDVVSKUDVH��<RX�VKRXOG�EH�DEOH
WR�VVK�WR�D�ZRUNHU�ZLWKRXW�HQWHULQJ�WKH�SDVVSKUDVH�DJDLQ�

Hadoop Configuration
7KHUH�DUH�D�KDQGIXO�RI�ILOHV�IRU�FRQWUROOLQJ�WKH�FRQILJXUDWLRQ�RI�D�+DGRRS�LQVWDOODWLRQ�
WKH�PRVW� LPSRUWDQW�RQHV�DUH� OLVWHG�LQ�7DEOH������7KLV�VHFWLRQ�FRYHUV�0DS5HGXFH���
ZKLFK� HPSOR\V� WKH� MREWUDFNHU� DQG� WDVNWUDFNHU� GDHPRQV��5XQQLQJ�0DS5HGXFH� �� LV
VXEVWDQWLDOO\�GLIIHUHQW�DQG�LV�FRYHUHG�LQ�£<$51�&RQILJXUDWLRQ¤�RQ�SDJH�����

7DEOH������+DGRRS�FRQILJXUDWLRQ�ILOHV

Filename Format Description

hadoop-env.sh Bash script Environment variables that are used in the scripts to run Hadoop

core-site.xml Hadoop configuration
XML

Configuration settings for Hadoop Core, such as I/O settings that are
common to HDFS and MapReduce

hdfs-site.xml Hadoop configuration
XML

Configuration settings for HDFS daemons: the namenode, the secondary
namenode, and the datanodes

mapred-site.xml Hadoop configuration
XML

Configuration settings for MapReduce daemons: the jobtracker, and the
tasktrackers

masters Plain text A list of machines (one per line) that each run a secondary namenode

slaves Plain text A list of machines (one per line) that each run a datanode and a task-
tracker

hadoop-metrics  .prop-
erties

Java Properties Properties for controlling how metrics are published in Hadoop (see
“Metrics” on page 352)

log4j.properties Java Properties Properties for system logfiles, the namenode audit log, and the task log
for the tasktracker child process (“Hadoop Logs” on page 175)

7KHVH�ILOHV�DUH�DOO�IRXQG�LQ�WKH�FRQI�GLUHFWRU\�RI�WKH�+DGRRS�GLVWULEXWLRQ��7KH�FRQILJ�
XUDWLRQ�GLUHFWRU\�FDQ�EH�UHORFDWHG�WR�DQRWKHU�SDUW�RI�WKH�ILOHV\VWHP��RXWVLGH�WKH�+DGRRS

�� 6HH�LWV�PDLQ�SDJH�IRU�LQVWUXFWLRQV�RQ�KRZ�WR�VWDUW�VVK�DJHQW�
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LQVWDOODWLRQ��ZKLFK�PDNHV�XSJUDGHV�PDUJLQDOO\�HDVLHU��DV�ORQJ�DV�GDHPRQV�DUH�VWDUWHG
ZLWK�WKH�--config�RSWLRQ�VSHFLI\LQJ�WKH�ORFDWLRQ�RI�WKLV�GLUHFWRU\�RQ�WKH�ORFDO�ILOHV\VWHP�

Configuration Management
+DGRRS�GRHV�QRW�KDYH�D�VLQJOH��JOREDO�ORFDWLRQ�IRU�FRQILJXUDWLRQ�LQIRUPDWLRQ��,QVWHDG�
HDFK�+DGRRS�QRGH�LQ�WKH�FOXVWHU�KDV�LWV�RZQ�VHW�RI�FRQILJXUDWLRQ�ILOHV��DQG�LW�LV�XS�WR
DGPLQLVWUDWRUV�WR�HQVXUH�WKDW�WKH\�DUH�NHSW�LQ�V\QF�DFURVV�WKH�V\VWHP��+DGRRS�SURYLGHV
D�UXGLPHQWDU\�IDFLOLW\�IRU�V\QFKURQL]LQJ�FRQILJXUDWLRQ�XVLQJ�UV\QF��VHH�WKH�XSFRPLQJ
GLVFXVVLRQ���DOWHUQDWLYHO\��WKHUH�DUH�SDUDOOHO�VKHOO�WRROV�WKDW�FDQ�KHOS�GR�WKLV��VXFK�DV
GVK�RU�SGVK�

+DGRRS�LV�GHVLJQHG�VR�WKDW�LW�LV�SRVVLEOH�WR�KDYH�D�VLQJOH�VHW�RI�FRQILJXUDWLRQ�ILOHV�WKDW
DUH�XVHG�IRU�DOO�PDVWHU�DQG�ZRUNHU�PDFKLQHV��7KH�JUHDW�DGYDQWDJH�RI�WKLV�LV�VLPSOLFLW\�
ERWK�FRQFHSWXDOO\��VLQFH�WKHUH�LV�RQO\�RQH�FRQILJXUDWLRQ�WR�GHDO�ZLWK��DQG�RSHUDWLRQDOO\
�DV�WKH�+DGRRS�VFULSWV�DUH�VXIILFLHQW�WR�PDQDJH�D�VLQJOH�FRQILJXUDWLRQ�VHWXS��

)RU�VRPH�FOXVWHUV��WKH�RQH�VL]H�ILWV�DOO�FRQILJXUDWLRQ�PRGHO�EUHDNV�GRZQ��)RU�H[DPSOH�
LI�\RX�H[SDQG�WKH�FOXVWHU�ZLWK�QHZ�PDFKLQHV�WKDW�KDYH�D�GLIIHUHQW�KDUGZDUH�VSHFLILFD�
WLRQ�IURP�WKH�H[LVWLQJ�RQHV��\RX�QHHG�D�GLIIHUHQW�FRQILJXUDWLRQ�IRU�WKH�QHZ�PDFKLQHV
WR�WDNH�DGYDQWDJH�RI�WKHLU�H[WUD�UHVRXUFHV�

,Q� WKHVH�FDVHV�� \RX�QHHG� WR�KDYH� WKH�FRQFHSW�RI�D�FODVV�RI�PDFKLQH�DQG�PDLQWDLQ�D
VHSDUDWH�FRQILJXUDWLRQ�IRU�HDFK�FODVV��+DGRRS�GRHVQ¦W�SURYLGH�WRROV�WR�GR�WKLV��EXW�WKHUH
DUH�VHYHUDO�H[FHOOHQW�WRROV�IRU�GRLQJ�SUHFLVHO\�WKLV�W\SH�RI�FRQILJXUDWLRQ�PDQDJHPHQW�
VXFK�DV�&KHI��3XSSHW��FIHQJLQH��DQG�EFIJ��

)RU�D�FOXVWHU�RI�DQ\�VL]H��LW�FDQ�EH�D�FKDOOHQJH�WR�NHHS�DOO�RI�WKH�PDFKLQHV�LQ�V\QF��FRQVLGHU
ZKDW�KDSSHQV�LI�WKH�PDFKLQH�LV�XQDYDLODEOH�ZKHQ�\RX�SXVK�RXW�DQ�XSGDWH��:KR�HQVXUHV
LW�JHWV�WKH�XSGDWH�ZKHQ�LW�EHFRPHV�DYDLODEOH"�7KLV�LV�D�ELJ�SUREOHP�DQG�FDQ�OHDG�WR
GLYHUJHQW� LQVWDOODWLRQV��VR�HYHQ� LI�\RX�XVH� WKH�+DGRRS�FRQWURO�VFULSWV� IRU�PDQDJLQJ
+DGRRS��LW�PD\�EH�D�JRRG�LGHD�WR�XVH�FRQILJXUDWLRQ�PDQDJHPHQW�WRROV�IRU�PDLQWDLQLQJ
WKH�FOXVWHU��7KHVH�WRROV�DUH�DOVR�H[FHOOHQW�IRU�GRLQJ�UHJXODU�PDLQWHQDQFH��VXFK�DV�SDWFK�
LQJ�VHFXULW\�KROHV�DQG�XSGDWLQJ�V\VWHP�SDFNDJHV�

Control scripts
+DGRRS�FRPHV�ZLWK�VFULSWV�IRU�UXQQLQJ�FRPPDQGV�DQG�VWDUWLQJ�DQG�VWRSSLQJ�GDHPRQV
DFURVV�WKH�ZKROH�FOXVWHU��7R�XVH�WKHVH�VFULSWV��ZKLFK�FDQ�EH�IRXQG�LQ�WKH�ELQ�GLUHFWRU\��
\RX�QHHG�WR�WHOO�+DGRRS�ZKLFK�PDFKLQHV�DUH�LQ�WKH�FOXVWHU��7KHUH�DUH�WZR�ILOHV�IRU�WKLV
SXUSRVH��FDOOHG�PDVWHUV�DQG�VODYHV��HDFK�RI�ZKLFK�FRQWDLQV�D�OLVW�RI�WKH�PDFKLQH�KRVW�
QDPHV�RU�,3�DGGUHVVHV��RQH�SHU�OLQH��7KH�PDVWHUV�ILOH�LV�DFWXDOO\�D�PLVOHDGLQJ�QDPH��LQ
WKDW�LW�GHWHUPLQHV�ZKLFK�PDFKLQH�RU�PDFKLQHV�VKRXOG�UXQ�D�VHFRQGDU\�QDPHQRGH��7KH
VODYHV�ILOH�OLVWV�WKH�PDFKLQHV�WKDW�WKH�GDWDQRGHV�DQG�WDVNWUDFNHUV�VKRXOG�UXQ�RQ��%RWK
PDVWHUV�DQG�VODYHV�ILOHV�UHVLGH�LQ�WKH�FRQILJXUDWLRQ�GLUHFWRU\��DOWKRXJK�WKH�VODYHV�ILOH
PD\�EH�SODFHG�HOVHZKHUH� �DQG�JLYHQ�DQRWKHU�QDPH��E\�FKDQJLQJ� WKH�HADOOP_SLAVES
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VHWWLQJ�LQ�KDGRRS�HQY�VK��$OVR��WKHVH�ILOHV�GR�QRW�QHHG�WR�EH�GLVWULEXWHG�WR�ZRUNHU�QRGHV�
VLQFH�WKH\�DUH�XVHG�RQO\�E\�WKH�FRQWURO�VFULSWV�UXQQLQJ�RQ�WKH�QDPHQRGH�RU�MREWUDFNHU�

<RX�GRQ¦W�QHHG�WR�VSHFLI\�ZKLFK�PDFKLQH��RU�PDFKLQHV��WKH�QDPHQRGH�DQG�MREWUDFNHU
UXQ�RQ�LQ�WKH�PDVWHUV�ILOH��DV�WKLV�LV�GHWHUPLQHG�E\�WKH�PDFKLQH�WKH�VFULSWV�DUH�UXQ�RQ�
�,Q�IDFW��VSHFLI\LQJ�WKHVH�LQ�WKH�PDVWHUV�ILOH�ZRXOG�FDXVH�D�VHFRQGDU\�QDPHQRGH�WR�UXQ
WKHUH��ZKLFK�LVQ¦W�DOZD\V�ZKDW�\RX�ZDQW���)RU�H[DPSOH��WKH�VWDUW�GIV�VK�VFULSW��ZKLFK
VWDUWV�DOO�WKH�+')6�GDHPRQV�LQ�WKH�FOXVWHU��UXQV�WKH�QDPHQRGH�RQ�WKH�PDFKLQH�WKDW�WKH
VFULSW�LV�UXQ�RQ��,Q�VOLJKWO\�PRUH�GHWDLO��LW�

�� 6WDUWV�D�QDPHQRGH�RQ�WKH�ORFDO�PDFKLQH��WKH�PDFKLQH�WKDW�WKH�VFULSW�LV�UXQ�RQ�

�� 6WDUWV�D�GDWDQRGH�RQ�HDFK�PDFKLQH�OLVWHG�LQ�WKH�VODYHV�ILOH

�� 6WDUWV�D�VHFRQGDU\�QDPHQRGH�RQ�HDFK�PDFKLQH�OLVWHG�LQ�WKH�PDVWHUV�ILOH

7KHUH�LV�D�VLPLODU�VFULSW�FDOOHG�VWDUW�PDSUHG�VK��ZKLFK�VWDUWV�DOO�WKH�0DS5HGXFH�GDH�
PRQV�LQ�WKH�FOXVWHU��0RUH�VSHFLILFDOO\��LW�

�� 6WDUWV�D�MREWUDFNHU�RQ�WKH�ORFDO�PDFKLQH

�� 6WDUWV�D�WDVNWUDFNHU�RQ�HDFK�PDFKLQH�OLVWHG�LQ�WKH�VODYHV�ILOH

1RWH�WKDW�PDVWHUV�LV�QRW�XVHG�E\�WKH�0DS5HGXFH�FRQWURO�VFULSWV�

$OVR�SURYLGHG�DUH�VWRS�GIV�VK�DQG�VWRS�PDSUHG�VK�VFULSWV�WR�VWRS�WKH�GDHPRQV�VWDUWHG
E\�WKH�FRUUHVSRQGLQJ�VWDUW�VFULSW�

7KHVH�VFULSWV�VWDUW�DQG�VWRS�+DGRRS�GDHPRQV�XVLQJ�WKH�KDGRRS�GDHPRQ�VK�VFULSW��,I
\RX�XVH�WKH�DIRUHPHQWLRQHG�VFULSWV��\RX�VKRXOGQ¦W�FDOO�KDGRRS�GDHPRQ�VK�GLUHFWO\��%XW
LI�\RX�QHHG�WR�FRQWURO�+DGRRS�GDHPRQV�IURP�DQRWKHU�V\VWHP�RU�IURP�\RXU�RZQ�VFULSWV�
WKH� KDGRRS�GDHPRQ�VK� VFULSW� LV� D� JRRG� LQWHJUDWLRQ� SRLQW�� /LNHZLVH�� KDGRRS�
GDHPRQV�VK��ZLWK�DQ�£V¤��LV�KDQG\�IRU�VWDUWLQJ�WKH�VDPH�GDHPRQ�RQ�D�VHW�RI�KRVWV�

Master node scenarios
'HSHQGLQJ�RQ�WKH�VL]H�RI�WKH�FOXVWHU��WKHUH�DUH�YDULRXV�FRQILJXUDWLRQV�IRU�UXQQLQJ�WKH
PDVWHU�GDHPRQV�� WKH�QDPHQRGH�� VHFRQGDU\�QDPHQRGH�� DQG� MREWUDFNHU��2Q�D� VPDOO
FOXVWHU��D�IHZ�WHQV�RI�QRGHV���LW�LV�FRQYHQLHQW�WR�SXW�WKHP�RQ�D�VLQJOH�PDFKLQH��KRZHYHU�
DV�WKH�FOXVWHU�JHWV�ODUJHU��WKHUH�DUH�JRRG�UHDVRQV�WR�VHSDUDWH�WKHP�

7KH�QDPHQRGH�KDV�KLJK�PHPRU\�UHTXLUHPHQWV��DV�LW�KROGV�ILOH�DQG�EORFN�PHWDGDWD�IRU
WKH�HQWLUH�QDPHVSDFH�LQ�PHPRU\��7KH�VHFRQGDU\�QDPHQRGH��DOWKRXJK�LGOH�PRVW�RI�WKH
WLPH��KDV�D�FRPSDUDEOH�PHPRU\�IRRWSULQW�WR�WKH�SULPDU\�ZKHQ�LW�FUHDWHV�D�FKHFNSRLQW�
�7KLV�LV�H[SODLQHG�LQ�GHWDLO�LQ�£7KH�ILOHV\VWHP�LPDJH�DQG�HGLW�ORJ¤�RQ�SDJH�������)RU
ILOHV\VWHPV�ZLWK�D�ODUJH�QXPEHU�RI�ILOHV��WKHUH�PD\�QRW�EH�HQRXJK�SK\VLFDO�PHPRU\�RQ
RQH�PDFKLQH�WR�UXQ�ERWK�WKH�SULPDU\�DQG�VHFRQGDU\�QDPHQRGH�

7KH�VHFRQGDU\�QDPHQRGH�NHHSV�D�FRS\�RI�WKH�ODWHVW�FKHFNSRLQW�RI�WKH�ILOHV\VWHP�PHW�
DGDWD�WKDW�LW�FUHDWHV��.HHSLQJ�WKLV��VWDOH��EDFNXS�RQ�D�GLIIHUHQW�QRGH�IURP�WKH�QDPHQRGH
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DOORZV�UHFRYHU\�LQ�WKH�HYHQW�RI�ORVV��RU�FRUUXSWLRQ��RI�DOO�WKH�QDPHQRGH¦V�PHWDGDWD�ILOHV�
�7KLV�LV�GLVFXVVHG�IXUWKHU�LQ�&KDSWHU�����

2Q�D�EXV\�FOXVWHU�UXQQLQJ�ORWV�RI�0DS5HGXFH�MREV��WKH�MREWUDFNHU�XVHV�FRQVLGHUDEOH
PHPRU\�DQG�&38�UHVRXUFHV��VR�LW�VKRXOG�UXQ�RQ�D�GHGLFDWHG�QRGH�

:KHWKHU�WKH�PDVWHU�GDHPRQV�UXQ�RQ�RQH�RU�PRUH�QRGHV��WKH�IROORZLQJ�LQVWUXFWLRQV
DSSO\�

� 5XQ�WKH�+')6�FRQWURO�VFULSWV�IURP�WKH�QDPHQRGH�PDFKLQH��7KH�PDVWHUV�ILOH�VKRXOG
FRQWDLQ�WKH�DGGUHVV�RI�WKH�VHFRQGDU\�QDPHQRGH�

� 5XQ�WKH�0DS5HGXFH�FRQWURO�VFULSWV�IURP�WKH�MREWUDFNHU�PDFKLQH�

:KHQ�WKH�QDPHQRGH�DQG�MREWUDFNHU�DUH�RQ�VHSDUDWH�QRGHV��WKHLU�VODYHV�ILOHV�QHHG�WR�EH
NHSW�LQ�V\QF��VLQFH�HDFK�QRGH�LQ�WKH�FOXVWHU�VKRXOG�UXQ�D�GDWDQRGH�DQG�D�WDVNWUDFNHU�

Environment Settings
,Q�WKLV�VHFWLRQ��ZH�FRQVLGHU�KRZ�WR�VHW�WKH�YDULDEOHV�LQ�KDGRRS�HQY�VK�

Memory
%\�GHIDXOW��+DGRRS�DOORFDWHV�������0%����*%��RI�PHPRU\�WR�HDFK�GDHPRQ�LW�UXQV��7KLV
LV� FRQWUROOHG�E\� WKH�HADOOP_HEAPSIZE� VHWWLQJ� LQ�KDGRRS�HQY�VK�� ,Q�DGGLWLRQ�� WKH� WDVN
WUDFNHU�ODXQFKHV�VHSDUDWH�FKLOG�-90V�WR�UXQ�PDS�DQG�UHGXFH�WDVNV�LQ��VR�ZH�QHHG�WR
IDFWRU�WKHVH�LQWR�WKH�WRWDO�PHPRU\�IRRWSULQW�RI�D�ZRUNHU�PDFKLQH�

7KH�PD[LPXP�QXPEHU�RI�PDS�WDVNV�WKDW�FDQ�UXQ�RQ�D�WDVNWUDFNHU�DW�RQH�WLPH�LV�FRQ�
WUROOHG�E\�WKH�mapred.tasktracker.map.tasks.maximum�SURSHUW\��ZKLFK�GHIDXOWV�WR�WZR
WDVNV�� 7KHUH� LV� D� FRUUHVSRQGLQJ� SURSHUW\� IRU� UHGXFH� WDVNV�� mapred.task
tracker.reduce.tasks.maximum��ZKLFK�DOVR�GHIDXOWV�WR�WZR�WDVNV��7KH�WDVNWUDFNHU�LV�VDLG
WR�KDYH�WZR�PDS�VORWV�DQG�WZR�UHGXFH�VORWV�

7KH�PHPRU\�JLYHQ�WR�HDFK�FKLOG�-90�UXQQLQJ�D�WDVN�FDQ�EH�FKDQJHG�E\�VHWWLQJ�WKH�
mapred.child.java.opts�SURSHUW\��7KH�GHIDXOW�VHWWLQJ�LV�-Xmx200m��ZKLFK�JLYHV�HDFK�WDVN
����0%�RI�PHPRU\���,QFLGHQWDOO\��\RX�FDQ�SURYLGH�H[WUD�-90�RSWLRQV�KHUH��WRR��)RU
H[DPSOH��\RX�PLJKW�HQDEOH�YHUERVH�*&�ORJJLQJ�WR�GHEXJ�*&���7KH�GHIDXOW�FRQILJXUD�
WLRQ�WKHUHIRUH�XVHV�������0%�RI�PHPRU\�IRU�D�ZRUNHU�PDFKLQH��VHH�7DEOH������

7DEOH������:RUNHU�QRGH�PHPRU\�FDOFXODWLRQ

JVM Default memory used (MB) Memory used for eight processors, 400 MB per child (MB)

Datanode 1,000 1,000

Tasktracker 1,000 1,000

Tasktracker child map task 2 × 200 7 × 400

Tasktracker child reduce task 2 × 200 7 × 400

Total 2,800 7,600
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7KH�QXPEHU�RI�WDVNV�WKDW�FDQ�EH�UXQ�VLPXOWDQHRXVO\�RQ�D�WDVNWUDFNHU�LV�UHODWHG�WR�WKH
QXPEHU�RI�SURFHVVRUV�DYDLODEOH�RQ�WKH�PDFKLQH��%HFDXVH�0DS5HGXFH�MREV�DUH�QRUPDOO\
,�2�ERXQG�� LW� PDNHV� VHQVH� WR� KDYH� PRUH� WDVNV� WKDQ� SURFHVVRUV� WR� JHW� EHWWHU
XWLOL]DWLRQ��7KH�DPRXQW�RI�RYHUVXEVFULSWLRQ�GHSHQGV�RQ�WKH�&38�XWLOL]DWLRQ�RI�MREV
\RX�UXQ��EXW�D�JRRG�UXOH�RI�WKXPE�LV�WR�KDYH�D�IDFWRU�RI�EHWZHHQ�RQH�DQG�WZR�PRUH
WDVNV��FRXQWLQJ�ERWK�PDS�DQG�UHGXFH�WDVNV��WKDQ�SURFHVVRUV�

)RU�H[DPSOH��LI�\RX�KDG�HLJKW�SURFHVVRUV�DQG�\RX�ZDQWHG�WR�UXQ�WZR�SURFHVVHV�RQ�HDFK
SURFHVVRU��\RX�FRXOG�VHW�ERWK�mapred.tasktracker.map.tasks.maximum�DQG�mapred.task
tracker.reduce.tasks.maximum�WR����QRW����EHFDXVH�WKH�GDWDQRGH�DQG�WKH�WDVNWUDFNHU
HDFK�WDNH�RQH�VORW���,I�\RX�DOVR�LQFUHDVHG�WKH�PHPRU\�DYDLODEOH�WR�HDFK�FKLOG�WDVN�WR����
0%��WKH�WRWDO�PHPRU\�XVDJH�ZRXOG�EH�������0%��VHH�7DEOH������

:KHWKHU�WKLV�-DYD�PHPRU\�DOORFDWLRQ�ZLOO�ILW�LQWR���*%�RI�SK\VLFDO�PHPRU\�GHSHQGV
RQ�WKH�RWKHU�SURFHVVHV�WKDW�DUH�UXQQLQJ�RQ�WKH�PDFKLQH��,I�\RX�DUH�UXQQLQJ�6WUHDPLQJ
RU�3LSHV�SURJUDPV�� WKLV�DOORFDWLRQ�ZLOO�SUREDEO\�EH� LQDSSURSULDWH� �DQG� WKH�PHPRU\
DOORFDWHG�WR�WKH�FKLOG�VKRXOG�EH�GLDOHG�GRZQ���VLQFH�LW�GRHVQ¦W�DOORZ�HQRXJK�PHPRU\
IRU�XVHUV¦��6WUHDPLQJ�RU�3LSHV��SURFHVVHV�WR�UXQ��7KH�WKLQJ�WR�DYRLG�LV�SURFHVVHV�EHLQJ
VZDSSHG�RXW��DV�WKLV� OHDGV�WR�VHYHUH�SHUIRUPDQFH�GHJUDGDWLRQ��7KH�SUHFLVH�PHPRU\
VHWWLQJV�DUH�QHFHVVDULO\�YHU\�FOXVWHU�GHSHQGHQW�DQG�FDQ�EH�RSWLPL]HG�RYHU�WLPH�ZLWK
H[SHULHQFH�JDLQHG�IURP�PRQLWRULQJ�WKH�PHPRU\�XVDJH�DFURVV�WKH�FOXVWHU��7RROV�VXFK
DV�*DQJOLD��£*DQJOLD&RQWH[W¤�RQ�SDJH������DUH�JRRG�IRU�JDWKHULQJ�WKLV�LQIRUPDWLRQ�
6HH�£7DVN�PHPRU\�OLPLWV¤�RQ�SDJH�����IRU�PRUH�RQ�KRZ�WR�HQIRUFH�WDVN�PHPRU\�OLPLWV�

+DGRRS�DOVR�SURYLGHV�VHWWLQJV�WR�FRQWURO�KRZ�PXFK�PHPRU\�LV�XVHG�IRU�0DS5HGXFH
RSHUDWLRQV��7KHVH�FDQ�EH�VHW�RQ�D�SHU�MRE�EDVLV�DQG�DUH�FRYHUHG�LQ�WKH�VHFWLRQ�RQ�£6KXIIOH
DQG�6RUW¤�RQ�SDJH�����

)RU� WKH�PDVWHU�QRGHV��HDFK�RI� WKH�QDPHQRGH��VHFRQGDU\�QDPHQRGH��DQG� MREWUDFNHU
GDHPRQV�XVHV�������0%�E\�GHIDXOW��IRU�D�WRWDO�RI�������0%�

How Much Memory Does a Namenode Need?
$�QDPHQRGH�FDQ�HDW�XS�PHPRU\��VLQFH�D�UHIHUHQFH�WR�HYHU\�EORFN�RI�HYHU\�ILOH�LV�PDLQ�
WDLQHG�LQ�PHPRU\��,W¦V�GLIILFXOW�WR�JLYH�D�SUHFLVH�IRUPXOD�EHFDXVH�PHPRU\�XVDJH�GHSHQGV
RQ�WKH�QXPEHU�RI�EORFNV�SHU�ILOH��WKH�ILOHQDPH�OHQJWK��DQG�WKH�QXPEHU�RI�GLUHFWRULHV�LQ
WKH�ILOHV\VWHP��SOXV��LW�FDQ�FKDQJH�IURP�RQH�+DGRRS�UHOHDVH�WR�DQRWKHU�

7KH�GHIDXOW�RI�������0%�RI�QDPHQRGH�PHPRU\�LV�QRUPDOO\�HQRXJK�IRU�D�IHZ�PLOOLRQ
ILOHV��EXW�DV�D�UXOH�RI�WKXPE�IRU�VL]LQJ�SXUSRVHV��\RX�FDQ�FRQVHUYDWLYHO\�DOORZ�������0%
SHU�PLOOLRQ�EORFNV�RI�VWRUDJH�

)RU�H[DPSOH��D�����QRGH�FOXVWHU�ZLWK���7%�RI�GLVN�VSDFH�SHU�QRGH��D�EORFN�VL]H�RI����
0%��DQG�D�UHSOLFDWLRQ�IDFWRU�RI���KDV�URRP�IRU�DERXW���PLOOLRQ�EORFNV��RU�PRUH�������Ü
����������0%�©������0%�Ü�����6R�LQ�WKLV�FDVH��VHWWLQJ�WKH�QDPHQRGH�PHPRU\�WR������
0%�ZRXOG�EH�D�JRRG�VWDUWLQJ�SRLQW�

<RX�FDQ�LQFUHDVH�WKH�QDPHQRGH¦V�PHPRU\�ZLWKRXW�FKDQJLQJ�WKH�PHPRU\�DOORFDWHG�WR
RWKHU�+DGRRS�GDHPRQV�E\�VHWWLQJ�HADOOP_NAMENODE_OPTS�LQ�KDGRRS�HQY�VK�WR�LQFOXGH�D
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-90�RSWLRQ�IRU�VHWWLQJ�WKH�PHPRU\�VL]H��HADOOP_NAMENODE_OPTS�DOORZV�\RX�WR�SDVV�H[WUD
RSWLRQV� WR� WKH�QDPHQRGH¦V� -90��6R�� IRU� H[DPSOH�� LI� \RX�ZHUH�XVLQJ�D� 6XQ� -90�� -
Xmx2000m�ZRXOG�VSHFLI\�WKDW�������0%�RI�PHPRU\�VKRXOG�EH�DOORFDWHG�WR�WKH�QDPHQRGH�

,I�\RX�FKDQJH�WKH�QDPHQRGH¦V�PHPRU\�DOORFDWLRQ��GRQ¦W�IRUJHW�WR�GR�WKH�VDPH�IRU�WKH
VHFRQGDU\� QDPHQRGH� �XVLQJ� WKH� HADOOP_SECONDARYNAMENODE_OPTS� YDULDEOH��� VLQFH� LWV
PHPRU\�UHTXLUHPHQWV�DUH�FRPSDUDEOH�WR�WKH�SULPDU\�QDPHQRGH¦V��<RX�SUREDEO\�DOVR
ZDQW�WR�UXQ�WKH�VHFRQGDU\�QDPHQRGH�RQ�D�GLIIHUHQW�PDFKLQH�LQ�WKLV�FDVH�

7KHUH�DUH�FRUUHVSRQGLQJ�HQYLURQPHQW�YDULDEOHV�IRU�WKH�RWKHU�+DGRRS�GDHPRQV��VR�\RX
FDQ�FXVWRPL]H�WKHLU�PHPRU\�DOORFDWLRQV��LI�GHVLUHG��6HH�KDGRRS�HQY�VK�IRU�GHWDLOV�

Java
7KH�ORFDWLRQ�RI�WKH�-DYD�LPSOHPHQWDWLRQ�WR�XVH�LV�GHWHUPLQHG�E\�WKH�JAVA_HOME�VHWWLQJ
LQ�KDGRRS�HQY�VK�RU�IURP�WKH�JAVA_HOME�VKHOO�HQYLURQPHQW�YDULDEOH��LI�QRW�VHW�LQ�KDGRRS�
HQY�VK��,W¦V�D�JRRG�LGHD�WR�VHW�WKH�YDOXH�LQ�KDGRRS�HQY�VK��VR�WKDW�LW�LV�FOHDUO\�GHILQHG�LQ
RQH�SODFH�DQG�WR�HQVXUH�WKDW�WKH�ZKROH�FOXVWHU�LV�XVLQJ�WKH�VDPH�YHUVLRQ�RI�-DYD�

System logfiles
6\VWHP�ORJILOHV�SURGXFHG�E\�+DGRRS�DUH�VWRUHG�LQ�$HADOOP_INSTALL/logs�E\�GHIDXOW�
7KLV�FDQ�EH�FKDQJHG�XVLQJ�WKH�HADOOP_LOG_DIR�VHWWLQJ�LQ�KDGRRS�HQY�VK��,W¦V�D�JRRG�LGHD
WR�FKDQJH�WKLV�VR�WKDW�ORJILOHV�DUH�NHSW�RXW�RI�WKH�GLUHFWRU\�WKDW�+DGRRS�LV�LQVWDOOHG�LQ�
&KDQJLQJ�WKLV�NHHSV�ORJILOHV�LQ�RQH�SODFH��HYHQ�DIWHU�WKH�LQVWDOODWLRQ�GLUHFWRU\�FKDQJHV
GXH�WR�DQ�XSJUDGH��$�FRPPRQ�FKRLFH�LV��YDU�ORJ�KDGRRS��VHW�E\�LQFOXGLQJ�WKH�IROORZLQJ
OLQH�LQ�KDGRRS�HQY�VK�

export HADOOP_LOG_DIR=/var/log/hadoop

7KH�ORJ�GLUHFWRU�ZLOO�EH�FUHDWHG�LI�LW�GRHVQ¦W�DOUHDG\�H[LVW���,I�LW�GRHV�QRW�H[LVW��FRQILUP
WKDW�WKH�+DGRRS�XVHU�KDV�SHUPLVVLRQ�WR�FUHDWH�LW���(DFK�+DGRRS�GDHPRQ�UXQQLQJ�RQ�D
PDFKLQH�SURGXFHV�WZR�ORJILOHV��7KH�ILUVW�LV�WKH�ORJ�RXWSXW�ZULWWHQ�YLD�ORJ�M��7KLV�ILOH�
ZKLFK�HQGV�LQ��ORJ��VKRXOG�EH�WKH�ILUVW�SRUW�RI�FDOO�ZKHQ�GLDJQRVLQJ�SUREOHPV�EHFDXVH
PRVW�DSSOLFDWLRQ�ORJ�PHVVDJHV�DUH�ZULWWHQ�KHUH��7KH�VWDQGDUG�+DGRRS�ORJ�M�FRQILJX�
UDWLRQ�XVHV�D�'DLO\�5ROOLQJ�)LOH�$SSHQGHU�WR�URWDWH�ORJILOHV��2OG�ORJILOHV�DUH�QHYHU�GH�
OHWHG��VR�\RX�VKRXOG�DUUDQJH�IRU�WKHP�WR�EH�SHULRGLFDOO\�GHOHWHG�RU�DUFKLYHG��VR�DV�WR
QRW�UXQ�RXW�RI�GLVN�VSDFH�RQ�WKH�ORFDO�QRGH�

7KH�VHFRQG�ORJILOH�LV�WKH�FRPELQHG�VWDQGDUG�RXWSXW�DQG�VWDQGDUG�HUURU�ORJ��7KLV�ORJILOH�
ZKLFK�HQGV�LQ��RXW��XVXDOO\�FRQWDLQV�OLWWOH�RU�QR�RXWSXW��VLQFH�+DGRRS�XVHV�ORJ�M�IRU
ORJJLQJ��,W�LV�URWDWHG�RQO\�ZKHQ�WKH�GDHPRQ�LV�UHVWDUWHG��DQG�RQO\�WKH�ODVW�ILYH�ORJV�DUH
UHWDLQHG��2OG�ORJILOHV�DUH�VXIIL[HG�ZLWK�D�QXPEHU�EHWZHHQ���DQG����ZLWK���EHLQJ�WKH
ROGHVW�ILOH�

/RJILOH�QDPHV��RI�ERWK�W\SHV��DUH�D�FRPELQDWLRQ�RI�WKH�QDPH�RI�WKH�XVHU�UXQQLQJ�WKH
GDHPRQ��WKH�GDHPRQ�QDPH��DQG�WKH�PDFKLQH�KRVWQDPH��)RU�H[DPSOH��KDGRRS�WRP�
GDWDQRGH�VWXUJHV�ORFDO�ORJ������������LV�WKH�QDPH�RI�D�ORJILOH�DIWHU�LW�KDV�EHHQ�URWDWHG�
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7KLV�QDPLQJ�VWUXFWXUH�PDNHV�LW�SRVVLEOH�WR�DUFKLYH�ORJV�IURP�DOO�PDFKLQHV�LQ�WKH�FOXVWHU
LQ�D�VLQJOH�GLUHFWRU\��LI�QHHGHG��VLQFH�WKH�ILOHQDPHV�DUH�XQLTXH�

7KH�XVHUQDPH�LQ�WKH�ORJILOH�QDPH�LV�DFWXDOO\�WKH�GHIDXOW�IRU�WKH�HADOOP_IDENT_STRING
VHWWLQJ�LQ�KDGRRS�HQY�VK��,I�\RX�ZLVK�WR�JLYH�WKH�+DGRRS�LQVWDQFH�D�GLIIHUHQW�LGHQWLW\
IRU�WKH�SXUSRVHV�RI�QDPLQJ�WKH�ORJILOHV��FKDQJH�HADOOP_IDENT_STRING�WR�EH�WKH�LGHQWLILHU
\RX�ZDQW�

SSH settings
7KH�FRQWURO�VFULSWV�DOORZ�\RX�WR�UXQ�FRPPDQGV�RQ��UHPRWH��ZRUNHU�QRGHV�IURP�WKH
PDVWHU�QRGH�XVLQJ�66+�� ,W�FDQ�EH�XVHIXO� WR�FXVWRPL]H� WKH�66+�VHWWLQJV�� IRU�YDULRXV
UHDVRQV��)RU�H[DPSOH��\RX�PD\�ZDQW� WR� UHGXFH� WKH�FRQQHFWLRQ� WLPHRXW� �XVLQJ� WKH�
ConnectTimeout�RSWLRQ��VR�WKH�FRQWURO�VFULSWV�GRQ¦W�KDQJ�DURXQG�ZDLWLQJ�WR�VHH�ZKHWKHU
D�GHDG�QRGH�LV�JRLQJ�WR�UHVSRQG��2EYLRXVO\��WKLV�FDQ�EH�WDNHQ�WRR�IDU��,I�WKH�WLPHRXW�LV
WRR�ORZ��WKHQ�EXV\�QRGHV�ZLOO�EH�VNLSSHG��ZKLFK�LV�EDG�

$QRWKHU�XVHIXO�66+�VHWWLQJ�LV�StrictHostKeyChecking��ZKLFK�FDQ�EH�VHW�WR�no�WR�DXWR�
PDWLFDOO\�DGG�QHZ�KRVW�NH\V�WR�WKH�NQRZQ�KRVWV�ILOHV��7KH�GHIDXOW��ask��SURPSWV�WKH
XVHU�WR�FRQILUP�WKDW�KH�KDV�YHULILHG�WKH�NH\�ILQJHUSULQW��ZKLFK�LV�QRW�D�VXLWDEOH�VHWWLQJ
LQ�D�ODUJH�FOXVWHU�HQYLURQPHQW��

7R� SDVV� H[WUD� RSWLRQV� WR� 66+�� GHILQH� WKH� HADOOP_SSH_OPTS� HQYLURQPHQW� YDULDEOH� LQ
KDGRRS�HQY�VK��6HH�WKH�ssh�DQG�ssh_config�PDQXDO�SDJHV�IRU�PRUH�66+�VHWWLQJV�

7KH�+DGRRS�FRQWURO�VFULSWV�FDQ�GLVWULEXWH�FRQILJXUDWLRQ�ILOHV�WR�DOO�QRGHV�RI�WKH�FOXVWHU
XVLQJ�UV\QF��7KLV�LV�QRW�HQDEOHG�E\�GHIDXOW��EXW�E\�GHILQLQJ�WKH�HADOOP_MASTER�VHWWLQJ
LQ�KDGRRS�HQY�VK��ZRUNHU�GDHPRQV�ZLOO�UV\QF�WKH�WUHH�URRWHG�DW�HADOOP_MASTER�WR�WKH
ORFDO�QRGH¦V�HADOOP_INSTALL�ZKHQHYHU�WKH�GDHPRQ�VWDUWV�XS�

:KDW�LI�\RX�KDYH�WZR�PDVWHUV¢D�QDPHQRGH�DQG�D�MREWUDFNHU¢RQ�VHSDUDWH�PDFKLQHV"
<RX�FDQ�SLFN�RQH�DV� WKH�VRXUFH�DQG�WKH�RWKHU�FDQ�UV\QF� IURP�LW��DORQJ�ZLWK�DOO� WKH
ZRUNHUV��,Q�IDFW��\RX�FRXOG�XVH�DQ\�PDFKLQH��HYHQ�RQH�RXWVLGH�WKH�+DGRRS�FOXVWHU��WR
UV\QF�IURP�

%HFDXVH�HADOOP_MASTER�LV�XQVHW�E\�GHIDXOW��WKHUH�LV�D�ERRWVWUDSSLQJ�SUREOHP��KRZ�GR
ZH�PDNH�VXUH�KDGRRS�HQY�VK�ZLWK�HADOOP_MASTER�VHW�LV�SUHVHQW�RQ�ZRUNHU�QRGHV"�)RU
VPDOO�FOXVWHUV��LW�LV�HDV\�WR�ZULWH�D�VPDOO�VFULSW�WR�FRS\�KDGRRS�HQY�VK�IURP�WKH�PDVWHU
WR�DOO�RI�WKH�ZRUNHU�QRGHV��)RU�ODUJHU�FOXVWHUV��WRROV�VXFK�DV�GVK�FDQ�GR�WKH�FRSLHV�LQ
SDUDOOHO��$OWHUQDWLYHO\��D�VXLWDEOH�KDGRRS�HQY�VK�FDQ�EH�FUHDWHG�DV�D�SDUW�RI�WKH�DXWR�
PDWHG�LQVWDOODWLRQ�VFULSW��VXFK�DV�.LFNVWDUW��

:KHQ�VWDUWLQJ�D�ODUJH�FOXVWHU�ZLWK�UV\QFLQJ�HQDEOHG��WKH�ZRUNHU�QRGHV�VWDUW�DW�DURXQG
WKH�VDPH�WLPH�DQG�FDQ�RYHUZKHOP�WKH�PDVWHU�QRGH�ZLWK�UV\QF�UHTXHVWV��7R�DYRLG�WKLV�
VHW�WKH�HADOOP_SLAVE_SLEEP�VHWWLQJ�WR�D�VPDOO�QXPEHU�RI�VHFRQGV��VXFK�DV�0.1�IRU�RQH�

�� )RU�PRUH�GLVFXVVLRQ�RQ�WKH�VHFXULW\�LPSOLFDWLRQV�RI�66+�+RVW�.H\V��FRQVXOW�WKH�DUWLFOH�£66+�+RVW�.H\
3URWHFWLRQ¤�E\�%ULDQ�+DWFK�DW�KWWS���ZZZ�VHFXULW\IRFXV�FRP�LQIRFXV������
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WHQWK�RI�D�VHFRQG��:KHQ�UXQQLQJ�FRPPDQGV�RQ�DOO�QRGHV�RI�WKH�FOXVWHU��WKH�PDVWHU�ZLOO
VOHHS�IRU�WKLV�SHULRG�EHWZHHQ�LQYRNLQJ�WKH�FRPPDQG�RQ�HDFK�ZRUNHU�PDFKLQH�LQ�WXUQ�

Important Hadoop Daemon Properties
+DGRRS�KDV� D� EHZLOGHULQJ� QXPEHU� RI� FRQILJXUDWLRQ� SURSHUWLHV�� ,Q� WKLV� VHFWLRQ��ZH
DGGUHVV� WKH�RQHV� WKDW�\RX�QHHG�WR�GHILQH��RU�DW� OHDVW�XQGHUVWDQG�ZK\�WKH�GHIDXOW� LV
DSSURSULDWH��IRU�DQ\�UHDO�ZRUOG�ZRUNLQJ�FOXVWHU��7KHVH�SURSHUWLHV�DUH�VHW�LQ�WKH�+DGRRS
VLWH�ILOHV��FRUH�VLWH�[PO��KGIV�VLWH�[PO��DQG�PDSUHG�VLWH�[PO��7\SLFDO�H[DPSOHV�RI�WKHVH
ILOHV�DUH�VKRZQ�LQ�([DPSOH������([DPSOH������DQG�([DPSOH������1RWLFH�WKDW�PRVW�SURS�
HUWLHV�DUH�PDUNHG�DV�ILQDO�LQ�RUGHU�WR�SUHYHQW�WKHP�IURP�EHLQJ�RYHUULGGHQ�E\�MRE�FRQ�
ILJXUDWLRQV��<RX�FDQ�OHDUQ�PRUH�DERXW�KRZ�WR�ZULWH�+DGRRS¦V�FRQILJXUDWLRQ�ILOHV�LQ
£7KH�&RQILJXUDWLRQ�$3,¤�RQ�SDJH�����

([DPSOH������$�W\SLFDO�FRUH�VLWH�[PO�FRQILJXUDWLRQ�ILOH

<?xml version="1.0"?>
<!-- core-site.xml -->
<configuration>
  <property>
    <name>fs.default.name</name>
    <value>hdfs://namenode/</value>
    <final>true</final>
  </property>
</configuration>

([DPSOH������$�W\SLFDO�KGIV�VLWH�[PO�FRQILJXUDWLRQ�ILOH

<?xml version="1.0"?>
<!-- hdfs-site.xml -->
<configuration>
  <property>
    <name>dfs.name.dir</name>
    <value>/disk1/hdfs/name,/remote/hdfs/name</value>
    <final>true</final>
  </property>

  <property>
    <name>dfs.data.dir</name>
    <value>/disk1/hdfs/data,/disk2/hdfs/data</value>
    <final>true</final>
  </property>
  
  <property>
    <name>fs.checkpoint.dir</name>
    <value>/disk1/hdfs/namesecondary,/disk2/hdfs/namesecondary</value>
    <final>true</final>
  </property>
</configuration>
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([DPSOH������$�W\SLFDO�PDSUHG�VLWH�[PO�FRQILJXUDWLRQ�ILOH

<?xml version="1.0"?>
<!-- mapred-site.xml -->
<configuration>
  <property>
    <name>mapred.job.tracker</name>
    <value>jobtracker:8021</value>
    <final>true</final>
  </property>
  
  <property>
    <name>mapred.local.dir</name>
    <value>/disk1/mapred/local,/disk2/mapred/local</value>
    <final>true</final>
  </property>
  
  <property>
    <name>mapred.system.dir</name>
    <value>/tmp/hadoop/mapred/system</value>
    <final>true</final>
  </property>
  
  <property>
    <name>mapred.tasktracker.map.tasks.maximum</name>
    <value>7</value>
    <final>true</final>
  </property>
  
  <property>
    <name>mapred.tasktracker.reduce.tasks.maximum</name>
    <value>7</value>
    <final>true</final>
  </property>
  
  <property>
    <name>mapred.child.java.opts</name>
    <value>-Xmx400m</value>
    <!-- Not marked as final so jobs can include JVM debugging options -->
  </property>
</configuration>

HDFS
7R�UXQ�+')6��\RX�QHHG�WR�GHVLJQDWH�RQH�PDFKLQH�DV�D�QDPHQRGH��,Q�WKLV�FDVH��WKH
SURSHUW\�fs.default.name� LV�DQ�+')6�ILOHV\VWHP�85,�ZKRVH�KRVW�LV�WKH�QDPHQRGH¦V
KRVWQDPH�RU�,3�DGGUHVV�DQG�ZKRVH�SRUW�LV�WKH�SRUW�WKDW�WKH�QDPHQRGH�ZLOO�OLVWHQ�RQ�IRU
53&V��,I�QR�SRUW�LV�VSHFLILHG��WKH�GHIDXOW�RI������LV�XVHG�

7KH�PDVWHUV�ILOH�WKDW�LV�XVHG�E\�WKH�FRQWURO�VFULSWV�LV�QRW�XVHG�E\�WKH
+')6��RU�0DS5HGXFH��GDHPRQV�WR�GHWHUPLQH�KRVWQDPHV��,Q�IDFW��EH�
FDXVH�WKH�PDVWHUV�ILOH�LV�XVHG�RQO\�E\�WKH�VFULSWV��\RX�FDQ�LJQRUH�LW�LI�\RX
GRQ¦W�XVH�WKHP�
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7KH�fs.default.name�SURSHUW\�DOVR�GRXEOHV�DV�VSHFLI\LQJ�WKH�GHIDXOW�ILOHV\VWHP��7KH
GHIDXOW�ILOHV\VWHP�LV�XVHG�WR�UHVROYH�UHODWLYH�SDWKV��ZKLFK�DUH�KDQG\�WR�XVH�EHFDXVH�WKH\
VDYH�W\SLQJ��DQG�DYRLG�KDUGFRGLQJ�NQRZOHGJH�RI�D�SDUWLFXODU�QDPHQRGH¦V�DGGUHVV���)RU
H[DPSOH��ZLWK�WKH�GHIDXOW�ILOHV\VWHP�GHILQHG�LQ�([DPSOH������WKH�UHODWLYH�85,��D�E�LV
UHVROYHG�WR�KGIV���QDPHQRGH�D�E�

,I�\RX�DUH�UXQQLQJ�+')6��WKH�IDFW�WKDW�fs.default.name�LV�XVHG�WR�VSHFLI\
ERWK�WKH�+')6�QDPHQRGH�DQG�WKH�GHIDXOW�ILOHV\VWHP�PHDQV�+')6�KDV
WR�EH�WKH�GHIDXOW�ILOHV\VWHP�LQ�WKH�VHUYHU�FRQILJXUDWLRQ��%HDU�LQ�PLQG�
KRZHYHU��WKDW�LW�LV�SRVVLEOH�WR�VSHFLI\�D�GLIIHUHQW�ILOHV\VWHP�DV�WKH�GHIDXOW
LQ�WKH�FOLHQW�FRQILJXUDWLRQ��IRU�FRQYHQLHQFH�

)RU�H[DPSOH��LI�\RX�XVH�ERWK�+')6�DQG�6��ILOHV\VWHPV��WKHQ�\RX�KDYH
D�FKRLFH�RI�VSHFLI\LQJ�HLWKHU�DV�WKH�GHIDXOW�LQ�WKH�FOLHQW�FRQILJXUDWLRQ�
ZKLFK�DOORZV�\RX�WR�UHIHU�WR�WKH�GHIDXOW�ZLWK�D�UHODWLYH�85,�DQG�WKH�RWKHU
ZLWK�DQ�DEVROXWH�85,�

7KHUH�DUH�D�IHZ�RWKHU�FRQILJXUDWLRQ�SURSHUWLHV�\RX�VKRXOG�VHW�IRU�+')6��WKRVH�WKDW�VHW
WKH� VWRUDJH� GLUHFWRULHV� IRU� WKH� QDPHQRGH� DQG� IRU� GDWDQRGHV�� 7KH� SURSHUW\�
dfs.name.dir�VSHFLILHV�D�OLVW�RI�GLUHFWRULHV�ZKHUH�WKH�QDPHQRGH�VWRUHV�SHUVLVWHQW�ILOH�
V\VWHP�PHWDGDWD��WKH�HGLW�ORJ�DQG�WKH�ILOHV\VWHP�LPDJH���$�FRS\�RI�HDFK�PHWDGDWD�ILOH
LV�VWRUHG�LQ�HDFK�GLUHFWRU\�IRU�UHGXQGDQF\��,W¦V�FRPPRQ�WR�FRQILJXUH�dfs.name.dir�VR
WKDW�WKH�QDPHQRGH�PHWDGDWD�LV�ZULWWHQ�WR�RQH�RU�WZR�ORFDO�GLVNV��DV�ZHOO�DV�D�UHPRWH
GLVN��VXFK�DV�DQ�1)6�PRXQWHG�GLUHFWRU\��6XFK�D�VHWXS�JXDUGV�DJDLQVW�IDLOXUH�RI�D�ORFDO
GLVN�DQG�IDLOXUH�RI�WKH�HQWLUH�QDPHQRGH��VLQFH�LQ�ERWK�FDVHV�WKH�ILOHV�FDQ�EH�UHFRYHUHG
DQG�XVHG� WR� VWDUW� D�QHZ�QDPHQRGH�� �7KH� VHFRQGDU\�QDPHQRGH� WDNHV�RQO\�SHULRGLF
FKHFNSRLQWV� RI� WKH� QDPHQRGH�� VR� LW� GRHV� QRW� SURYLGH� DQ� XS�WR�GDWH� EDFNXS� RI� WKH
QDPHQRGH��

<RX�VKRXOG�DOVR�VHW�WKH�dfs.data.dir�SURSHUW\��ZKLFK�VSHFLILHV�D�OLVW�RI�GLUHFWRULHV�IRU
D�GDWDQRGH�WR�VWRUH�LWV�EORFNV��8QOLNH�WKH�QDPHQRGH��ZKLFK�XVHV�PXOWLSOH�GLUHFWRULHV
IRU�UHGXQGDQF\��D�GDWDQRGH�URXQG�URELQV�ZULWHV�EHWZHHQ�LWV�VWRUDJH�GLUHFWRULHV��VR�IRU
SHUIRUPDQFH�\RX�VKRXOG�VSHFLI\�D�VWRUDJH�GLUHFWRU\�IRU�HDFK�ORFDO�GLVN��5HDG�SHUIRU�
PDQFH� DOVR�EHQHILWV� IURP�KDYLQJ�PXOWLSOH�GLVNV� IRU� VWRUDJH��EHFDXVH�EORFNV�ZLOO� EH
VSUHDG�DFURVV�WKHP�DQG�FRQFXUUHQW�UHDGV�IRU�GLVWLQFW�EORFNV�ZLOO�EH�FRUUHVSRQGLQJO\
VSUHDG�DFURVV�GLVNV�

)RU�PD[LPXP�SHUIRUPDQFH��\RX�VKRXOG�PRXQW�VWRUDJH�GLVNV�ZLWK�WKH
noatime�RSWLRQ��7KLV�VHWWLQJ�PHDQV�WKDW�ODVW�DFFHVVHG�WLPH�LQIRUPDWLRQ
LV�QRW�ZULWWHQ�RQ�ILOH�UHDGV��ZKLFK�JLYHV�VLJQLILFDQW�SHUIRUPDQFH�JDLQV�

)LQDOO\��\RX�VKRXOG�FRQILJXUH�ZKHUH�WKH�VHFRQGDU\�QDPHQRGH�VWRUHV�LWV�FKHFNSRLQWV�RI
WKH�ILOHV\VWHP��7KH�fs.checkpoint.dir�SURSHUW\�VSHFLILHV�D�OLVW�RI�GLUHFWRULHV�ZKHUH�WKH
FKHFNSRLQWV� DUH� NHSW�� /LNH� WKH� VWRUDJH� GLUHFWRULHV� IRU� WKH� QDPHQRGH�� ZKLFK� NHHS
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UHGXQGDQW� FRSLHV�RI� WKH�QDPHQRGH�PHWDGDWD�� WKH� FKHFNSRLQWHG� ILOHV\VWHP� LPDJH� LV
VWRUHG�LQ�HDFK�FKHFNSRLQW�GLUHFWRU\�IRU�UHGXQGDQF\�

7DEOH�����VXPPDUL]HV�WKH�LPSRUWDQW�FRQILJXUDWLRQ�SURSHUWLHV�IRU�+')6�

7DEOH������,PSRUWDQW�+')6�GDHPRQ�SURSHUWLHV

Property name Type Default value Description

fs.default.name URI file:/// The default filesystem. The URI defines
the hostname and port that the name-
node’s RPC server runs on. The default
port is 8020. This property is set in core-
site.xml.

dfs.name.dir Comma-separated
directory names

${hadoop.tmp.dir}/
dfs/name

The list of directories where the name-
node stores its persistent metadata.
The namenode stores a copy of the
metadata in each directory in the list.

dfs.data.dir Comma-separated
directory names

${hadoop.tmp.dir}/
dfs/data

A list of directories where the datanode
stores blocks. Each block is stored in
only one of these directories.

fs.checkpoint.dir Comma-separated
directory names

${hadoop.tmp.dir}/
dfs/namesecondary

A list of directories where the
secondary namenode stores check-
points. It stores a copy of the checkpoint
in each directory in the list.

1RWH�WKDW�WKH�VWRUDJH�GLUHFWRULHV�IRU�+')6�DUH�XQGHU�+DGRRS¦V�WHPSR�
UDU\�GLUHFWRU\�E\�GHIDXOW��WKH�hadoop.tmp.dir�SURSHUW\��ZKRVH�GHIDXOW
LV�/tmp/hadoop-${user.name}���7KHUHIRUH��LW�LV�FULWLFDO�WKDW�WKHVH�SURSHU�
WLHV�DUH�VHW�VR�WKDW�GDWD�LV�QRW�ORVW�E\�WKH�V\VWHP�ZKHQ�LW�FOHDUV�RXW�WHP�
SRUDU\�GLUHFWRULHV�

MapReduce
7R�UXQ�0DS5HGXFH��\RX�QHHG�WR�GHVLJQDWH�RQH�PDFKLQH�DV�D�MREWUDFNHU��ZKLFK�RQ�VPDOO
FOXVWHUV� PD\� EH� WKH� VDPH� PDFKLQH� DV� WKH� QDPHQRGH�� 7R� GR� WKLV�� VHW� WKH�
mapred.job.tracker�SURSHUW\�WR�WKH�KRVWQDPH�RU�,3�DGGUHVV�DQG�SRUW�WKDW�WKH�MREWUDFNHU
ZLOO�OLVWHQ�RQ��1RWH�WKDW�WKLV�SURSHUW\�LV�QRW�D�85,��EXW�LQVWHDG�D�KRVW�SRUW�SDLU��VHSD�
UDWHG�E\�D�FRORQ��7KH�SRUW�QXPEHU������LV�D�FRPPRQ�FKRLFH�

'XULQJ�D�0DS5HGXFH�MRE��LQWHUPHGLDWH�GDWD�DQG�ZRUNLQJ�ILOHV�DUH�ZULWWHQ�WR�WHPSRUDU\
ORFDO�ILOHV��%HFDXVH�WKLV�GDWD�LQFOXGHV�WKH�SRWHQWLDOO\�YHU\�ODUJH�RXWSXW�RI�PDS�WDVNV�
\RX�QHHG�WR�HQVXUH�WKDW�WKH�mapred.local.dir�SURSHUW\��ZKLFK�FRQWUROV�WKH�ORFDWLRQ�RI
ORFDO�WHPSRUDU\�VWRUDJH��LV�FRQILJXUHG�WR�XVH�GLVN�SDUWLWLRQV�WKDW�DUH�ODUJH�HQRXJK��7KH�
mapred.local.dir�SURSHUW\�WDNHV�D�FRPPD�VHSDUDWHG�OLVW�RI�GLUHFWRU\�QDPHV��DQG�\RX
VKRXOG�XVH�DOO�DYDLODEOH�ORFDO�GLVNV�WR�VSUHDG�GLVN�,�2��7\SLFDOO\��\RX�ZLOO�XVH�WKH�VDPH
GLVNV�DQG�SDUWLWLRQV��EXW�GLIIHUHQW�GLUHFWRULHV��IRU�0DS5HGXFH�WHPSRUDU\�GDWD�DV�\RX
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XVH�IRU�GDWDQRGH�EORFN�VWRUDJH��DV�JRYHUQHG�E\�WKH�dfs.data.dir�SURSHUW\��ZKLFK�ZDV
GLVFXVVHG�HDUOLHU�

0DS5HGXFH�XVHV�D�GLVWULEXWHG�ILOHV\VWHP�WR�VKDUH�ILOHV��VXFK�DV�WKH�MRE�-$5�ILOH��ZLWK
WKH�WDVNWUDFNHUV�WKDW�UXQ�WKH�0DS5HGXFH�WDVNV��7KH�mapred.system.dir�SURSHUW\�LV�XVHG
WR�VSHFLI\�D�GLUHFWRU\�ZKHUH�WKHVH�ILOHV�FDQ�EH�VWRUHG��7KLV�GLUHFWRU\�LV�UHVROYHG�UHODWLYH
WR�WKH�GHIDXOW�ILOHV\VWHP��FRQILJXUHG�LQ�fs.default.name���ZKLFK�LV�XVXDOO\�+')6�

)LQDOO\�� \RX� VKRXOG� VHW� WKH� mapred.tasktracker.map.tasks.maximum� DQG� mapred.task
tracker.reduce.tasks.maximum�SURSHUWLHV�WR�UHIOHFW�WKH�QXPEHU�RI�DYDLODEOH�FRUHV�RQ
WKH�WDVNWUDFNHU�PDFKLQHV�DQG�mapred.child.java.opts�WR�UHIOHFW�WKH�DPRXQW�RI�PHPRU\
DYDLODEOH� IRU� WKH� WDVNWUDFNHU� FKLOG� -90V�� 6HH� WKH� GLVFXVVLRQ� LQ� £0HPRU\¤
RQ�SDJH�����

7DEOH�����VXPPDUL]HV�WKH�LPSRUWDQW�FRQILJXUDWLRQ�SURSHUWLHV�IRU�0DS5HGXFH�

7DEOH������,PSRUWDQW�0DS5HGXFH�GDHPRQ�SURSHUWLHV

Property name Type Default value Description

mapred.job.tracker Hostname and port local The hostname and port that the job-
tracker’s RPC server runs on. If set to
the default value of local, the job-
tracker is run in-process on demand
when you run a MapReduce job (you
don’t need to start the jobtracker in
this case, and in fact you will get an
error if you try to start it in this mode).

mapred.local.dir Comma-separated
directory names

${hadoop.tmp.dir}
/mapred/local

A list of directories where MapReduce
stores intermediate data for jobs. The
data is cleared out when the job ends.

mapred.system.dir URI ${hadoop.tmp.dir}
/mapred/system

The directory relative to 
fs.default.name where shared
files are stored during a job run.

mapred.tasktracker.
map.tasks.maximum

int 2 The number of map tasks that may
be run on a tasktracker at any one
time.

mapred.tasktracker.
reduce.tasks.maximum

int 2 The number of reduce tasks that may
be run on a tasktracker at any one
time.

mapred.child.java.opts String -Xmx200m The JVM options used to launch the
tasktracker child process that runs
map and reduce tasks. This property
can be set on a per-job basis, which
can be useful for setting JVM prop-
erties for debugging, for example.
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Property name Type Default value Description

mapreduce.map.
java.opts

String -Xmx200m The JVM options used for the child
process that runs map tasks. (Not
available in 1.x.)

mapreduce.reduce.
java.opts

String -Xmx200m The JVM options used for the child
process that runs reduce tasks. (Not
available in 1.x.)

Hadoop Daemon Addresses and Ports
+DGRRS�GDHPRQV�JHQHUDOO\�UXQ�ERWK�DQ�53&�VHUYHU��7DEOH������IRU�FRPPXQLFDWLRQ
EHWZHHQ�GDHPRQV�DQG�DQ�+773�VHUYHU�WR�SURYLGH�ZHE�SDJHV�IRU�KXPDQ�FRQVXPSWLRQ
�7DEOH�������(DFK�VHUYHU�LV�FRQILJXUHG�E\�VHWWLQJ�WKH�QHWZRUN�DGGUHVV�DQG�SRUW�QXPEHU
WR� OLVWHQ�RQ��%\�VSHFLI\LQJ�WKH�QHWZRUN�DGGUHVV�DV�0.0.0.0��+DGRRS�ZLOO�ELQG�WR�DOO
DGGUHVVHV�RQ�WKH�PDFKLQH��$OWHUQDWLYHO\��\RX�FDQ�VSHFLI\�D�VLQJOH�DGGUHVV�WR�ELQG�WR��$
SRUW�QXPEHU�RI���LQVWUXFWV�WKH�VHUYHU�WR�VWDUW�RQ�D�IUHH�SRUW��EXW�WKLV�LV�JHQHUDOO\�GLV�
FRXUDJHG�EHFDXVH�LW�LV�LQFRPSDWLEOH�ZLWK�VHWWLQJ�FOXVWHU�ZLGH�ILUHZDOO�SROLFLHV�

7DEOH������53&�VHUYHU�SURSHUWLHV

Property name Default value Description

fs.default.name file:/// When set to an HDFS URI, this property determines
the namenode’s RPC server address and port. The
default port is 8020 if not specified.

dfs.datanode.ipc.address 0.0.0.0:50020 The datanode’s RPC server address and port.

mapred.job.tracker local When set to a hostname and port, this property
specifies the jobtracker’s RPC server address and
port. A commonly used port is 8021.

mapred.task.tracker.report.address 127.0.0.1:0 The tasktracker’s RPC server address and port. This
is used by the tasktracker’s child JVM to commu-
nicate with the tasktracker. Using any free port is
acceptable in this case, as the server only binds to
the loopback address. You should change this
setting only if the machine has no loopback
address.

,Q�DGGLWLRQ�WR�DQ�53&�VHUYHU��GDWDQRGHV�UXQ�D�7&3�,3�VHUYHU�IRU�EORFN�WUDQVIHUV��7KH
VHUYHU�DGGUHVV�DQG�SRUW�LV�VHW�E\�WKH�dfs.datanode.address�SURSHUW\�DQG�KDV�D�GHIDXOW
YDOXH�RI�0.0.0.0:50010�

7DEOH������+773�VHUYHU�SURSHUWLHV

Property name Default value Description

mapred.job.tracker.http.address 0.0.0.0:50030 The jobtracker’s HTTP server address and port

mapred.task.tracker.http.address 0.0.0.0:50060 The tasktracker’s HTTP server address and port
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Property name Default value Description

dfs.http.address 0.0.0.0:50070 The namenode’s HTTP server address and port

dfs.datanode.http.address 0.0.0.0:50075 The datanode’s HTTP server address and port

dfs.secondary.http.address 0.0.0.0:50090 The secondary namenode’s HTTP server address and
port

7KHUH�DUH�DOVR� VHWWLQJV� IRU� FRQWUROOLQJ�ZKLFK�QHWZRUN� LQWHUIDFHV� WKH�GDWDQRGHV�DQG
WDVNWUDFNHUV� UHSRUW�DV� WKHLU� ,3�DGGUHVVHV� �IRU�+773�DQG�53&�VHUYHUV���7KH�UHOHYDQW
SURSHUWLHV� DUH� dfs.datanode.dns.interface� DQG� mapred.tasktracker.dns.interface�
ERWK�RI�ZKLFK�DUH�VHW�WR�default��ZKLFK�ZLOO�XVH�WKH�GHIDXOW�QHWZRUN�LQWHUIDFH��<RX�FDQ
VHW�WKLV�H[SOLFLWO\�WR�UHSRUW�WKH�DGGUHVV�RI�D�SDUWLFXODU�LQWHUIDFH��eth0��IRU�H[DPSOH��

Other Hadoop Properties
7KLV�VHFWLRQ�GLVFXVVHV�VRPH�RWKHU�SURSHUWLHV�WKDW�\RX�PLJKW�FRQVLGHU�VHWWLQJ�

Cluster membership
7R�DLG�WKH�DGGLWLRQ�DQG�UHPRYDO�RI�QRGHV�LQ�WKH�IXWXUH��\RX�FDQ�VSHFLI\�D�ILOH�FRQWDLQLQJ
D�OLVW�RI�DXWKRUL]HG�PDFKLQHV�WKDW�PD\�MRLQ�WKH�FOXVWHU�DV�GDWDQRGHV�RU�WDVNWUDFNHUV�
7KH�ILOH�LV�VSHFLILHG�XVLQJ�WKH�dfs.hosts�DQG�mapred.hosts�SURSHUWLHV��IRU�GDWDQRGHV�DQG
WDVNWUDFNHUV�� UHVSHFWLYHO\��� DV� ZHOO� DV� WKH� FRUUHVSRQGLQJ� dfs.hosts.exclude� DQG
mapred.hosts.exclude�ILOHV�XVHG�IRU�GHFRPPLVVLRQLQJ��6HH�£&RPPLVVLRQLQJ�DQG�'H�
FRPPLVVLRQLQJ�1RGHV¤�RQ�SDJH�����IRU�IXUWKHU�GLVFXVVLRQ�

Buffer size
+DGRRS�XVHV�D�EXIIHU�VL]H�RI���.%��������E\WHV��IRU�LWV�,�2�RSHUDWLRQV��7KLV�LV�D�FRQ�
VHUYDWLYH�VHWWLQJ��DQG�ZLWK�PRGHUQ�KDUGZDUH�DQG�RSHUDWLQJ�V\VWHPV��\RX�ZLOO�OLNHO\�VHH
SHUIRUPDQFH�EHQHILWV�E\�LQFUHDVLQJ�LW������.%����������E\WHV��LV�D�FRPPRQ�FKRLFH��6HW
WKLV�XVLQJ�WKH�io.file.buffer.size�SURSHUW\�LQ�FRUH�VLWH�[PO�

HDFS block size
7KH�+')6�EORFN�VL]H�LV����0%�E\�GHIDXOW��EXW�PDQ\�FOXVWHUV�XVH�����0%�������������
E\WHV��RU�HYHQ�����0%��������������E\WHV��WR�HDVH�PHPRU\�SUHVVXUH�RQ�WKH�QDPHQRGH
DQG�WR�JLYH�PDSSHUV�PRUH�GDWD�WR�ZRUN�RQ��6HW�WKLV�XVLQJ�WKH�dfs.block.size�SURSHUW\
LQ�KGIV�VLWH�[PO�

Reserved storage space
%\�GHIDXOW��GDWDQRGHV�ZLOO�WU\�WR�XVH�DOO�RI�WKH�VSDFH�DYDLODEOH�LQ�WKHLU�VWRUDJH�GLUHFWRULHV�
,I�\RX�ZDQW�WR�UHVHUYH�VRPH�VSDFH�RQ�WKH�VWRUDJH�YROXPHV�IRU�QRQ�+')6�XVH��\RX�FDQ
VHW�dfs.datanode.du.reserved�WR�WKH�DPRXQW��LQ�E\WHV��RI�VSDFH�WR�UHVHUYH�
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Trash
+DGRRS�ILOHV\VWHPV�KDYH�D�WUDVK�IDFLOLW\��LQ�ZKLFK�GHOHWHG�ILOHV�DUH�QRW�DFWXDOO\�GHOHWHG�
EXW�UDWKHU�DUH�PRYHG�WR�D�WUDVK�IROGHU��ZKHUH�WKH\�UHPDLQ�IRU�D�PLQLPXP�SHULRG�EHIRUH
EHLQJ�SHUPDQHQWO\�GHOHWHG�E\�WKH�V\VWHP��7KH�PLQLPXP�SHULRG�LQ�PLQXWHV�WKDW�D�ILOH
ZLOO�UHPDLQ�LQ�WKH�WUDVK�LV�VHW�XVLQJ�WKH�fs.trash.interval�FRQILJXUDWLRQ�SURSHUW\�LQ
FRUH�VLWH�[PO��%\�GHIDXOW��WKH�WUDVK�LQWHUYDO�LV�]HUR��ZKLFK�GLVDEOHV�WUDVK�

/LNH�LQ�PDQ\�RSHUDWLQJ�V\VWHPV��+DGRRS¦V�WUDVK�IDFLOLW\�LV�D�XVHU�OHYHO�IHDWXUH��PHDQLQJ
WKDW�RQO\�ILOHV�WKDW�DUH�GHOHWHG�XVLQJ�WKH�ILOHV\VWHP�VKHOO�DUH�SXW�LQ�WKH�WUDVK��)LOHV�GHOHWHG
SURJUDPPDWLFDOO\�DUH�GHOHWHG�LPPHGLDWHO\��,W�LV�SRVVLEOH�WR�XVH�WKH�WUDVK�SURJUDPPDW�
LFDOO\��KRZHYHU��E\�FRQVWUXFWLQJ�D�Trash�LQVWDQFH��WKHQ�FDOOLQJ�LWV�moveToTrash()�PHWKRG
ZLWK�WKH�Path�RI�WKH�ILOH�LQWHQGHG�IRU�GHOHWLRQ��7KH�PHWKRG�UHWXUQV�D�YDOXH�LQGLFDWLQJ
VXFFHVV��D�YDOXH�RI�false�PHDQV�HLWKHU�WKDW�WUDVK�LV�QRW�HQDEOHG�RU�WKDW�WKH�ILOH�LV�DOUHDG\
LQ�WKH�WUDVK�

:KHQ�WUDVK�LV�HQDEOHG��HDFK�XVHU�KDV�KHU�RZQ�WUDVK�GLUHFWRU\�FDOOHG��7UDVK�LQ�KHU�KRPH
GLUHFWRU\��)LOH�UHFRYHU\�LV�VLPSOH��\RX�ORRN�IRU�WKH�ILOH�LQ�D�VXEGLUHFWRU\�RI��7UDVK�DQG
PRYH�LW�RXW�RI�WKH�WUDVK�VXEWUHH�

+')6�ZLOO�DXWRPDWLFDOO\�GHOHWH�ILOHV�LQ�WUDVK�IROGHUV��EXW�RWKHU�ILOHV\VWHPV�ZLOO�QRW��VR
\RX�KDYH�WR�DUUDQJH�IRU�WKLV�WR�EH�GRQH�SHULRGLFDOO\��<RX�FDQ�H[SXQJH�WKH�WUDVK��ZKLFK
ZLOO�GHOHWH�ILOHV�WKDW�KDYH�EHHQ�LQ�WKH�WUDVK�ORQJHU�WKDQ�WKHLU�PLQLPXP�SHULRG��XVLQJ
WKH�ILOHV\VWHP�VKHOO�

% hadoop fs -expunge

7KH�Trash�FODVV�H[SRVHV�DQ�expunge()�PHWKRG�WKDW�KDV�WKH�VDPH�HIIHFW�

Job scheduler
3DUWLFXODUO\�LQ�D�PXOWLXVHU�0DS5HGXFH�VHWWLQJ��FRQVLGHU�FKDQJLQJ�WKH�GHIDXOW�),)2�MRE
VFKHGXOHU� WR� RQH� RI� WKH� PRUH� IXOO\� IHDWXUHG� DOWHUQDWLYHV�� 6HH� £-RE� 6FKHGXO�
LQJ¤�RQ�SDJH�����

Reduce slow start
%\�GHIDXOW��VFKHGXOHUV�ZDLW�XQWLO����RI�WKH�PDS�WDVNV�LQ�D�MRE�KDYH�FRPSOHWHG�EHIRUH
VFKHGXOLQJ�UHGXFH�WDVNV�IRU�WKH�VDPH�MRE��)RU�ODUJH�MREV�WKLV�FDQ�FDXVH�SUREOHPV�ZLWK
FOXVWHU�XWLOL]DWLRQ��VLQFH�WKH\�WDNH�XS�UHGXFH�VORWV�ZKLOH�ZDLWLQJ�IRU�WKH�PDS�WDVNV�WR
FRPSOHWH��6HWWLQJ�mapred.reduce.slowstart.completed.maps�WR�D�KLJKHU�YDOXH��VXFK�DV
0.80��������FDQ�KHOS�LPSURYH�WKURXJKSXW�

Task memory limits
2Q�D�VKDUHG�FOXVWHU��LW�VKRXOGQ¦W�EH�SRVVLEOH�IRU�RQH�XVHU¦V�HUUDQW�0DS5HGXFH�SURJUDP
WR�EULQJ�GRZQ�QRGHV�LQ�WKH�FOXVWHU��7KLV�FDQ�KDSSHQ�LI�WKH�PDS�RU�UHGXFH�WDVN�KDV�D
PHPRU\�OHDN��IRU�H[DPSOH��EHFDXVH�WKH�PDFKLQH�RQ�ZKLFK�WKH�WDVNWUDFNHU�LV�UXQQLQJ
ZLOO�UXQ�RXW�RI�PHPRU\�DQG�PD\�DIIHFW�WKH�RWKHU�UXQQLQJ�SURFHVVHV�
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2U�FRQVLGHU�WKH�FDVH�ZKHUH�D�XVHU�VHWV�mapred.child.java.opts� WR�D� ODUJH�YDOXH�DQG
FDXVHV�PHPRU\�SUHVVXUH�RQ�RWKHU�UXQQLQJ�WDVNV��FDXVLQJ�WKHP�WR�VZDS��0DUNLQJ�WKLV
SURSHUW\�DV�ILQDO�RQ�WKH�FOXVWHU�ZRXOG�SUHYHQW�LW�IURP�EHLQJ�FKDQJHG�E\�XVHUV�LQ�WKHLU
MREV��EXW�WKHUH�DUH�OHJLWLPDWH�UHDVRQV�WR�DOORZ�VRPH�MREV�WR�XVH�PRUH�PHPRU\��VR�WKLV
LV� QRW� DOZD\V� DQ� DFFHSWDEOH� VROXWLRQ�� )XUWKHUPRUH�� HYHQ� ORFNLQJ� GRZQ�
mapred.child.java.opts� GRHV�QRW� VROYH� WKH�SUREOHP��EHFDXVH� WDVNV� FDQ� VSDZQ�QHZ
SURFHVVHV�WKDW�DUH�QRW�FRQVWUDLQHG�LQ�WKHLU�PHPRU\�XVDJH��6WUHDPLQJ�DQG�3LSHV�MREV�GR
H[DFWO\�WKDW��IRU�H[DPSOH�

7R�SUHYHQW�FDVHV�OLNH�WKHVH��VRPH�ZD\�RI�HQIRUFLQJ�D�OLPLW�RQ�D�WDVN¦V�PHPRU\�XVDJH�LV
QHHGHG��+DGRRS� SURYLGHV� WZR�PHFKDQLVPV� IRU� WKLV�� 7KH� VLPSOHVW� LV� YLD� WKH� /LQX[
XOLPLW�FRPPDQG��ZKLFK�FDQ�EH�GRQH�DW�WKH�RSHUDWLQJ�V\VWHP�OHYHO��LQ�WKH�OLPLWV�FRQI
ILOH��W\SLFDOO\�IRXQG�LQ��HWF�VHFXULW\��RU�E\�VHWWLQJ�mapred.child.ulimit�LQ�WKH�+DGRRS
FRQILJXUDWLRQ��7KH�YDOXH� LV�VSHFLILHG� LQ�NLORE\WHV��DQG�VKRXOG�EH�FRPIRUWDEO\� ODUJHU
WKDQ�WKH�PHPRU\�RI�WKH�-90�VHW�E\�mapred.child.java.opts��RWKHUZLVH��WKH�FKLOG�-90
PLJKW�QRW�VWDUW�

7KH�VHFRQG�PHFKDQLVP�LV�+DGRRS¦V�WDVN�PHPRU\�PRQLWRULQJ�IHDWXUH���7KH�LGHD�LV�WKDW
DQ�DGPLQLVWUDWRU�VHWV�D�UDQJH�RI�DOORZHG�YLUWXDO�PHPRU\�OLPLWV�IRU�WDVNV�RQ�WKH�FOXVWHU�
DQG�XVHUV�VSHFLI\�WKH�PD[LPXP�PHPRU\�UHTXLUHPHQWV�IRU�WKHLU�MREV�LQ�WKH�MRE�FRQILJ�
XUDWLRQ��,I�D�XVHU�GRHVQ¦W�VHW�PHPRU\�UHTXLUHPHQWV�IRU�KLV�MRE��WKHQ�WKH�GHIDXOWV�DUH
XVHG��mapred.job.map.memory.mb�DQG�mapred.job.reduce.memory.mb��

7KLV�DSSURDFK�KDV�D�FRXSOH�RI�DGYDQWDJHV�RYHU�WKH�XOLPLW�DSSURDFK��)LUVW��LW�HQIRUFHV
WKH�PHPRU\�XVDJH�RI�WKH�ZKROH�WDVN�SURFHVV�WUHH��LQFOXGLQJ�VSDZQHG�SURFHVVHV��6HFRQG�
LW�HQDEOHV�PHPRU\�DZDUH�VFKHGXOLQJ��ZKHUH�WDVNV�DUH�VFKHGXOHG�RQ�WDVNWUDFNHUV�WKDW
KDYH�HQRXJK�IUHH�PHPRU\�WR�UXQ�WKHP��7KH�&DSDFLW\�6FKHGXOHU��IRU�H[DPSOH��ZLOO�DF�
FRXQW�IRU�VORW�XVDJH�EDVHG�RQ�WKH�PHPRU\�VHWWLQJV��VR�LI�D�MRE¦V�mapred.job.map.mem
ory.mb�VHWWLQJ�H[FHHGV�mapred.cluster.map.memory.mb��WKH�VFKHGXOHU�ZLOO�DOORFDWH�PRUH
WKDQ�RQH�VORW�RQ�D�WDVNWUDFNHU�WR�UXQ�HDFK�PDS�WDVN�IRU�WKDW�MRE�

7R�HQDEOH�WDVN�PHPRU\�PRQLWRULQJ��\RX�QHHG�WR�VHW�DOO�VL[�RI� WKH�SURSHUWLHV� LQ�7D�
EOH������7KH�GHIDXOW�YDOXHV�DUH�DOO�-1��ZKLFK�PHDQV�WKH�IHDWXUH�LV�GLVDEOHG�

7DEOH������0DS5HGXFH�WDVN�PHPRU\�PRQLWRULQJ�SURSHUWLHV

Property name Type Default
value

Description

mapred.cluster.map.mem
ory.mb

int -1 The amount of virtual memory, in MB, that defines a map
slot. Map tasks that require more than this amount of
memory will use more than one map slot.

mapred.cluster.reduce.mem
ory.mb

int -1 The amount of virtual memory, in MB, that defines a reduce
slot. Reduce tasks that require more than this amount of
memory will use more than one reduce slot.

�� <$51�XVHV� D� GLIIHUHQW�PHPRU\�PRGHO� WR� WKH� RQH�GHVFULEHG�KHUH�� DQG� WKH� FRQILJXUDWLRQ�RSWLRQV� DUH
GLIIHUHQW��6HH�£0HPRU\¤�RQ�SDJH�����

Hadoop Configuration | 319



Property name Type Default
value

Description

mapred.job.map.memory.mb int -1 The amount of virtual memory, in MB, that a map task
requires to run. If a map task exceeds this limit, it may be
terminated and marked as failed.

mapred.job.reduce.mem
ory.mb

int -1 The amount of virtual memory, in MB, that a reduce task
requires to run. If a reduce task exceeds this limit, it may
be terminated and marked as failed.

mapred.clus
ter.max.map.memory.mb

int -1 The maximum limit that users can set
mapred.job.map.memory.mb to.

mapred.clus
ter.max.reduce.memory.mb

int -1 The maximum limit that users can set
mapred.job.reduce.memory.mb to.

User Account Creation
2QFH�\RX�KDYH�D�+DGRRS�FOXVWHU�XS�DQG�UXQQLQJ��\RX�QHHG�WR�JLYH�XVHUV�DFFHVV�WR�LW�
7KLV�LQYROYHV�FUHDWLQJ�D�KRPH�GLUHFWRU\�IRU�HDFK�XVHU�DQG�VHWWLQJ�RZQHUVKLS�SHUPLVVLRQV
RQ�LW�

% hadoop fs -mkdir /user/username
% hadoop fs -chown username:username /user/username

7KLV�LV�D�JRRG�WLPH�WR�VHW�VSDFH�OLPLWV�RQ�WKH�GLUHFWRU\��7KH�IROORZLQJ�VHWV�D���7%�OLPLW
RQ�WKH�JLYHQ�XVHU�GLUHFWRU\�

% hadoop dfsadmin -setSpaceQuota 1t /user/username

YARN Configuration
<$51�LV�WKH�QH[W�JHQHUDWLRQ�DUFKLWHFWXUH�IRU�UXQQLQJ�0DS5HGXFH��DQG�LV�GHVFULEHG�LQ
£<$51��0DS5HGXFH���¤�RQ�SDJH�������,W�KDV�D�GLIIHUHQW�VHW�RI�GDHPRQV�DQG�FRQILJX�
UDWLRQ�RSWLRQV�WKDQ�FODVVLF�0DS5HGXFH��DOVR�FDOOHG�0DS5HGXFH�����DQG�LQ�WKLV�VHFWLRQ
ZH�ORRN�DW�WKHVH�GLIIHUHQFHV�DQG�GLVFXVV�KRZ�WR�UXQ�0DS5HGXFH�RQ�<$51�

8QGHU�<$51��\RX�QR�ORQJHU�UXQ�D�MREWUDFNHU�RU�WDVNWUDFNHUV��,QVWHDG��WKHUH�LV�D�VLQJOH
UHVRXUFH�PDQDJHU�UXQQLQJ�RQ�WKH�VDPH�PDFKLQH�DV� WKH�+')6�QDPHQRGH��IRU�VPDOO
FOXVWHUV��RU�RQ�D�GHGLFDWHG�PDFKLQH��DQG�QRGH�PDQDJHUV�UXQQLQJ�RQ�HDFK�ZRUNHU�QRGH
LQ�WKH�FOXVWHU�

7KH�<$51�VWDUW�\DUQ�VK�VFULSW��LQ�WKH�VELQ�GLUHFWRU\��VWDUWV�WKH�<$51�GDHPRQV�LQ�WKH
FOXVWHU��7KLV�VFULSW�ZLOO�VWDUW�D�UHVRXUFH�PDQDJHU��RQ�WKH�PDFKLQH�WKH�VFULSW�LV�UXQ�RQ�
DQG�D�QRGH�PDQDJHU�RQ�HDFK�PDFKLQH�OLVWHG�LQ�WKH�VODYHV�ILOH�

<$51�DOVR�KDV�D�MRE�KLVWRU\�VHUYHU�GDHPRQ�WKDW�SURYLGHV�XVHUV�ZLWK�GHWDLOV�RI�SDVW�MRE
UXQV��DQG�D�ZHE�DSS�SUR[\�VHUYHU�IRU�SURYLGLQJ�D�VHFXUH�ZD\�IRU�XVHUV�WR�DFFHVV�WKH�8,
SURYLGHG�E\�<$51�DSSOLFDWLRQV��,Q�WKH�FDVH�RI�0DS5HGXFH��WKH�ZHE�8,�VHUYHG�E\�WKH
SUR[\�SURYLGHV�LQIRUPDWLRQ�DERXW�WKH�FXUUHQW�MRE�\RX�DUH�UXQQLQJ��VLPLODU�WR�WKH�RQH
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GHVFULEHG�LQ�£7KH�0DS5HGXFH�:HE�8,¤�RQ�SDJH������%\�GHIDXOW��WKH�ZHE�DSS�SUR[\
VHUYHU�UXQV�LQ�WKH�VDPH�SURFHVV�DV�WKH�UHVRXUFH�PDQDJHU��EXW�LW�PD\�EH�FRQILJXUHG�WR
UXQ�DV�D�VWDQGDORQH�GDHPRQ�

<$51�KDV�LWV�RZQ�VHW�RI�FRQILJXUDWLRQ�ILOHV��OLVWHG�LQ�7DEOH������WKHVH�DUH�XVHG�LQ�DG�
GLWLRQ�WR�WKRVH�LQ�7DEOH�����

7DEOH������<$51�FRQILJXUDWLRQ�ILOHV

Filename Format Description

yarn-env.sh Bash script Environment variables that are used in the scripts to run YARN

yarn-site.xml Hadoop configuration XML Configuration settings for YARN daemons: the resource manager, the job history
server, the webapp proxy server, and the node managers

Important YARN Daemon Properties
:KHQ�UXQQLQJ�0DS5HGXFH�RQ�<$51��WKH�PDSUHG�VLWH�[PO�ILOH�LV�VWLOO�XVHG�IRU�JHQHUDO
0DS5HGXFH�SURSHUWLHV��DOWKRXJK�WKH�MREWUDFNHU��DQG�WDVNWUDFNHU�UHODWHG�SURSHUWLHV�DUH
QRW�XVHG��1RQH�RI� WKH�SURSHUWLHV� LQ�7DEOH�����DUH�DSSOLFDEOH� WR�<$51��H[FHSW� IRU�
mapred.child.java.opts��DQG�WKH�UHODWHG�SURSHUWLHV�mapreduce.map.java.opts�DQG�map
reduce.reduce.java.opts��ZKLFK�DSSO\�RQO\�WR�PDS�RU�UHGXFH�WDVNV��UHVSHFWLYHO\���7KH
-90�RSWLRQV�VSHFLILHG�LQ�WKLV�ZD\�DUH�XVHG�WR�ODXQFK�WKH�<$51�FKLOG�SURFHVV�WKDW�UXQV
PDS�RU�UHGXFH�WDVNV�

7KH� FRQILJXUDWLRQ� ILOHV� LQ� ([DPSOH� ���� VKRZ� VRPH� RI� WKH� LPSRUWDQW� FRQILJXUDWLRQ
SURSHUWLHV�IRU�UXQQLQJ�0DS5HGXFH�RQ�<$51�

([DPSOH������$Q�H[DPSOH�VHW�RI�VLWH�FRQILJXUDWLRQ�ILOHV�IRU�UXQQLQJ�0DS5HGXFH�RQ�<$51

<?xml version="1.0"?>
<!-- mapred-site.xml -->
<configuration>
  <property>
    <name>mapred.child.java.opts</name>
    <value>-Xmx400m</value>
    <!-- Not marked as final so jobs can include JVM debugging options -->
  </property>
</configuration>

<?xml version="1.0"?>
<!-- yarn-site.xml -->
<configuration>
  <property>
    <name>yarn.resourcemanager.address</name>
    <value>resourcemanager:8032</value>
  </property>
  <property>
    <name>yarn.nodemanager.local-dirs</name>
    <value>/disk1/nm-local-dir,/disk2/nm-local-dir</value>
    <final>true</final>
  </property>
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  <property>
    <name>yarn.nodemanager.aux-services</name>
    <value>mapreduce.shuffle</value>
  </property>
  <property>
    <name>yarn.nodemanager.resource.memory-mb</name>
    <value>8192</value>
  </property>
</configuration>

7KH� <$51� UHVRXUFH� PDQDJHU� DGGUHVV� LV� FRQWUROOHG� YLD� yarn.resourceman
ager.address��ZKLFK�WDNHV�WKH�IRUP�RI�D�KRVW�SRUW�SDLU��,Q�D�FOLHQW�FRQILJXUDWLRQ��WKLV
SURSHUW\�LV�XVHG�WR�FRQQHFW�WR�WKH�UHVRXUFH�PDQDJHU��XVLQJ�53&���DQG�LQ�DGGLWLRQ��WKH�
mapreduce.framework.name�SURSHUW\�PXVW�EH� VHW� WR�yarn� IRU� WKH�FOLHQW� WR�XVH�<$51
UDWKHU�WKDQ�WKH�ORFDO�MRE�UXQQHU�

$OWKRXJK�<$51�GRHV�QRW�KRQRU�mapred.local.dir��LW�KDV�DQ�HTXLYDOHQW�SURSHUW\�FDOOHG�
yarn.nodemanager.local-dirs��ZKLFK�DOORZV�\RX�WR�VSHFLI\�WKH�ORFDO�GLVNV�WR�VWRUH�LQ�
WHUPHGLDWH�GDWD�RQ��,W�LV�VSHFLILHG�E\�D�FRPPD�VHSDUDWHG�OLVW�RI�ORFDO�GLUHFWRU\�SDWKV�
ZKLFK�DUH�XVHG�LQ�D�URXQG�URELQ�IDVKLRQ�

<$51�GRHVQ¦W�KDYH�WDVNWUDFNHUV�WR�VHUYH�PDS�RXWSXWV�WR�UHGXFH�WDVNV��VR�IRU�WKLV�IXQF�
WLRQ�LW�UHOLHV�RQ�VKXIIOH�KDQGOHUV��ZKLFK�DUH�ORQJ�UXQQLQJ�DX[LOLDU\�VHUYLFHV�UXQQLQJ�LQ
QRGH�PDQDJHUV��%HFDXVH�<$51�LV�D�JHQHUDO�SXUSRVH�VHUYLFH��WKH�0DS5HGXFH�VKXIIOH
KDQGOHUV� QHHG� WR� EH� HQDEOHG� H[SOLFLWO\� LQ� \DUQ�VLWH�[PO� E\� VHWWLQJ� WKH� yarn.nodeman
ager.aux-services�SURSHUW\�WR�mapreduce.shuffle�

7DEOH�����VXPPDUL]HV�WKH�LPSRUWDQW�FRQILJXUDWLRQ�SURSHUWLHV�IRU�<$51�

7DEOH������,PSRUWDQW�<$51�GDHPRQ�SURSHUWLHV

Property name Type Default value Description

yarn.resourceman
ager.address

Hostname and port 0.0.0.0:8032 The hostname and port that the resource
manager’s RPC server runs on.

yarn.nodeman
ager.local-dirs

Comma-separated
directory names

/tmp/nm-local-
dir

A list of directories where node manag-
ers allow containers to store intermedi-
ate data. The data is cleared out when
the application ends.

yarn.nodeman
ager.aux-services

Comma-separated
service names

 A list of auxiliary services run by the node
manager. A service is implemented by
the class defined by the property
yarn.nodemanager.aux-serv
ices.service-name.class. By
default, no auxiliary services are speci-
fied.

yarn.nodeman
ager.resource.mem
ory-mb

int 8192 The amount of physical memory (in MB)
that may be allocated to containers be-
ing run by the node manager.
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Property name Type Default value Description

yarn.nodeman
ager.vmem-pmem-
ratio

float 2.1 The ratio of virtual to physical memory
for containers. Virtual memory usage
may exceed the allocation by this
amount.

Memory
<$51�WUHDWV�PHPRU\�LQ�D�PRUH�ILQH�JUDLQHG�PDQQHU�WKDQ�WKH�VORW�EDVHG�PRGHO�XVHG
LQ�WKH�FODVVLF�LPSOHPHQWDWLRQ�RI�0DS5HGXFH��5DWKHU�WKDQ�VSHFLI\LQJ�D�IL[HG�PD[LPXP
QXPEHU�RI�PDS�DQG�UHGXFH�VORWV�WKDW�PD\�UXQ�RQ�D�WDVNWUDFNHU�QRGH�DW�RQFH��<$51
DOORZV�DSSOLFDWLRQV�WR�UHTXHVW�DQ�DUELWUDU\�DPRXQW�RI�PHPRU\��ZLWKLQ�OLPLWV��IRU�D�WDVN�
,Q�WKH�<$51�PRGHO��QRGH�PDQDJHUV�DOORFDWH�PHPRU\�IURP�D�SRRO��VR�WKH�QXPEHU�RI
WDVNV�WKDW�DUH�UXQQLQJ�RQ�D�SDUWLFXODU�QRGH�GHSHQGV�RQ�WKH�VXP�RI�WKHLU�PHPRU\�UH�
TXLUHPHQWV��DQG�QRW�VLPSO\�RQ�D�IL[HG�QXPEHU�RI�VORWV�

7KH�VORW�EDVHG�PRGHO�FDQ�OHDG�WR�FOXVWHU�XQGHUXWLOL]DWLRQ��VLQFH�WKH�SURSRUWLRQ�RI�PDS
VORWV�WR�UHGXFH�VORWV�LV�IL[HG�DV�D�FOXVWHU�ZLGH�FRQILJXUDWLRQ��+RZHYHU��WKH�QXPEHU�RI
PDS�YHUVXV�UHGXFH�VORWV�WKDW�DUH�LQ�GHPDQG�FKDQJHV�RYHU�WLPH��DW�WKH�EHJLQQLQJ�RI�D�MRE
RQO\�PDS�VORWV�DUH�QHHGHG��ZKHUHDV�DW�WKH�HQG�RI�WKH�MRE�RQO\�UHGXFH�VORWV�DUH�QHHGHG�
2Q�ODUJHU�FOXVWHUV�ZLWK�PDQ\�FRQFXUUHQW�MREV��WKH�YDULDWLRQ�LQ�GHPDQG�IRU�D�SDUWLFXODU
W\SH�RI�VORW�PD\�EH�OHVV�SURQRXQFHG��EXW�WKHUH�LV�VWLOO�ZDVWDJH��<$51�DYRLGV�WKLV�SURE�
OHP�E\�QRW�GLVWLQJXLVKLQJ�EHWZHHQ�WKH�WZR�W\SHV�RI�VORWV�

7KH�FRQVLGHUDWLRQV�IRU�KRZ�PXFK�PHPRU\�WR�GHGLFDWH�WR�D�QRGH�PDQDJHU�IRU�UXQQLQJ
FRQWDLQHUV�DUH�VLPLODU�WR�WKH�WKRVH�GLVFXVVHG�LQ�£0HPRU\¤�RQ�SDJH������(DFK�+DGRRS
GDHPRQ�XVHV�������0%��VR�IRU�D�GDWDQRGH�DQG�D�QRGH�PDQDJHU��WKH�WRWDO�LV�������0%�
6HW�DVLGH�HQRXJK�IRU�RWKHU�SURFHVVHV�WKDW�DUH�UXQQLQJ�RQ�WKH�PDFKLQH��DQG�WKH�UHPDLQGHU
FDQ�EH�GHGLFDWHG�WR�WKH�QRGH�PDQDJHU¦V�FRQWDLQHUV�E\�VHWWLQJ�WKH�FRQILJXUDWLRQ�SURSHUW\
yarn.nodemanager.resource.memory-mb� WR� WKH� WRWDO� DOORFDWLRQ� LQ�0%�� �7KH�GHIDXOW� LV
������0%��

7KH�QH[W�VWHS�LV�WR�GHWHUPLQH�KRZ�WR�VHW�PHPRU\�RSWLRQV�IRU�LQGLYLGXDO�MREV��7KHUH�DUH
WZR�FRQWUROV��mapred.child.java.opts��ZKLFK�DOORZV�\RX�WR�VHW�WKH�-90�KHDS�VL]H�RI
WKH� PDS� RU� UHGXFH� WDVN�� DQG� mapreduce.map.memory.mb� �RU� mapreduce.reduce.
memory.mb���ZKLFK�LV�XVHG�WR�VSHFLI\�KRZ�PXFK�PHPRU\�\RX�QHHG�IRU�PDS��RU�UHGXFH�
WDVN�FRQWDLQHUV��7KH�ODWWHU�VHWWLQJ�LV�XVHG�E\�WKH�DSSOLFDWLRQ�PDVWHU�ZKHQ�QHJRWLDWLQJ
IRU�UHVRXUFHV�LQ�WKH�FOXVWHU��DQG�DOVR�E\�WKH�QRGH�PDQDJHU��ZKLFK�UXQV�DQG�PRQLWRUV
WKH�WDVN�FRQWDLQHUV�

)RU� H[DPSOH�� VXSSRVH� WKDW� mapred.child.java.opts� LV� VHW� WR� -Xmx800m� DQG� mapre
duce.map.memory.mb�LV�OHIW�DW�LWV�GHIDXOW�YDOXH�RI�������0%��:KHQ�D�PDS�WDVN�LV�UXQ��WKH
QRGH�PDQDJHU�ZLOO�DOORFDWH�D�������0%�FRQWDLQHU��GHFUHDVLQJ�WKH�VL]H�RI�LWV�SRRO�E\�WKDW
DPRXQW�IRU�WKH�GXUDWLRQ�RI�WKH�WDVN��DQG�ZLOO�ODXQFK�WKH�WDVN�-90�FRQILJXUHG�ZLWK�DQ
����0%�PD[LPXP�KHDS�VL]H��1RWH�WKDW�WKH�-90�SURFHVV�ZLOO�KDYH�D�ODUJHU�PHPRU\
IRRWSULQW�WKDQ�WKH�KHDS�VL]H��DQG�WKH�RYHUKHDG�ZLOO�GHSHQG�RQ�VXFK�WKLQJV�DV�WKH�QDWLYH
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OLEUDULHV�WKDW�DUH�LQ�XVH��WKH�VL]H�RI�WKH�SHUPDQHQW�JHQHUDWLRQ�VSDFH��DQG�VR�RQ��7KH
LPSRUWDQW�WKLQJ�LV�WKDW�WKH�SK\VLFDO�PHPRU\�XVHG�E\�WKH�-90�SURFHVV��LQFOXGLQJ�DQ\
SURFHVVHV� WKDW� LW� VSDZQV��VXFK�DV�6WUHDPLQJ�RU�3LSHV�SURFHVVHV��GRHV�QRW�H[FHHG� LWV
DOORFDWLRQ��������0%���,I�D�FRQWDLQHU�XVHV�PRUH�PHPRU\�WKDQ�LW�KDV�EHHQ�DOORFDWHG�
WKHQ�LW�PD\�EH�WHUPLQDWHG�E\�WKH�QRGH�PDQDJHU�DQG�PDUNHG�DV�IDLOHG�

6FKHGXOHUV� PD\� LPSRVH� D� PLQLPXP� RU� PD[LPXP� RQ� PHPRU\� DOORFDWLRQV�� )RU
H[DPSOH�� IRU� WKH� &DSDFLW\� 6FKHGXOHU�� WKH� GHIDXOW� PLQLPXP� LV� ����� 0%� �VHW� E\
yarn.scheduler.capacity.minimum-allocation-mb���DQG�WKH�GHIDXOW�PD[LPXP�LV������
0%��VHW�E\�yarn.scheduler.capacity.maximum-allocation-mb��

7KHUH�DUH�DOVR�YLUWXDO�PHPRU\�FRQVWUDLQWV�WKDW�D�FRQWDLQHU�PXVW�PHHW��,I�D�FRQWDLQHU¦V
YLUWXDO�PHPRU\�XVDJH�H[FHHGV�D�JLYHQ�PXOWLSOH�RI�WKH�DOORFDWHG�SK\VLFDO�PHPRU\��WKH
QRGH�PDQDJHU�PD\�WHUPLQDWH�WKH�SURFHVV��7KH�PXOWLSOH�LV�H[SUHVVHG�E\�WKH�yarn.node
manager.vmem-pmem-ratio�SURSHUW\��ZKLFK�GHIDXOWV�WR������,Q�WKH�H[DPSOH�XVHG�HDUOLHU�
WKH�YLUWXDO�PHPRU\�WKUHVKROG�DERYH�ZKLFK�WKH�WDVN�PD\�EH�WHUPLQDWHG�LV�������0%�
ZKLFK�LV�����Ü�������0%�

:KHQ�FRQILJXULQJ�PHPRU\�SDUDPHWHUV�LW¦V�YHU\�XVHIXO�WR�EH�DEOH�WR�PRQLWRU�D�WDVN¦V
DFWXDO� PHPRU\� XVDJH� GXULQJ� D� MRE� UXQ�� DQG� WKLV� LV� SRVVLEOH� YLD� 0DS5HGXFH� WDVN
FRXQWHUV��7KH�FRXQWHUV�PHYSICAL_MEMORY_BYTES��VIRTUAL_MEMORY_BYTES��DQG�COMMITTED
_HEAP_BYTES��GHVFULEHG�LQ�7DEOH������SURYLGH�VQDSVKRW�YDOXHV�RI�PHPRU\�XVDJH�DQG�DUH
WKHUHIRUH�VXLWDEOH�IRU�REVHUYDWLRQ�GXULQJ�WKH�FRXUVH�RI�D�WDVN�DWWHPSW�

YARN Daemon Addresses and Ports
<$51�GDHPRQV�UXQ�RQH�RU�PRUH�53&�DQG�+773�VHUYHUV��GHWDLOV�RI�ZKLFK�DUH�FRYHUHG
LQ�7DEOH������DQG�7DEOH������

7DEOH�������<$51�53&�VHUYHU�SURSHUWLHV

Property name Default value Description

yarn.resourceman
ager.address

0.0.0.0:8032 The resource manager’s RPC server address and port. This is used
by the client (typically outside the cluster) to communicate with
the resource manager.

yarn.resourceman
ager.admin.address

0.0.0.0:8033 The resource manager’s admin RPC server address and port. This is
used by the admin client (invoked with yarn rmadmin, typically
run outside the cluster) to communicate with the resource manager.

yarn.resourceman
ager.scheduler.address

0.0.0.0:8030 The resource manager scheduler’s RPC server address and port. This
is used by (in-cluster) application masters to communicate with the
resource manager.

yarn.resourceman
ager.resource-
tracker.address

0.0.0.0:8031 The resource manager resource tracker’s RPC server address and
port. This is used by the (in-cluster) node managers to communicate
with the resource manager.
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Property name Default value Description

yarn.nodeman
ager.address

0.0.0.0:0 The node manager’s RPC server address and port. This is used by
(in-cluster) application masters to communicate with node man-
agers.

yarn.nodemanager.local
izer.address

0.0.0.0:8040 The node manager localizer’s RPC server address and port.

mapreduce.jobhis
tory.address

0.0.0.0:10020 The job history server’s RPC server address and port. This is used by
the client (typically outside the cluster) to query job history. This
property is set in mapred-site.xml.

7DEOH�������<$51�+773�VHUYHU�SURSHUWLHV

Property name Default value Description

yarn.resourceman
ager.webapp.address

0.0.0.0:8088 The resource manager’s HTTP server address and port.

yarn.nodeman
ager.webapp.address

0.0.0.0:8042 The node manager’s HTTP server address and port.

yarn.web-proxy.address  The web app proxy server’s HTTP server address and port. If not set
(the default), then the web app proxy server will run in the resource
manager process.

mapreduce.jobhis
tory.webapp.address

0.0.0.0:19888 The job history server’s HTTP server address and port. This property
is set in mapred-site.xml.

mapreduce.shuffle.port 8080 The shuffle handler’s HTTP port number. This is used for serving
map outputs, and is not a user-accessible web UI. This property is
set in mapred-site.xml.

Security
(DUO\�YHUVLRQV�RI�+DGRRS�DVVXPHG�WKDW�+')6�DQG�0DS5HGXFH�FOXVWHUV�ZRXOG�EH�XVHG
E\� D� JURXS� RI� FRRSHUDWLQJ� XVHUV� ZLWKLQ� D� VHFXUH� HQYLURQPHQW�� 7KH� PHDVXUHV� IRU
UHVWULFWLQJ�DFFHVV�ZHUH�GHVLJQHG�WR�SUHYHQW�DFFLGHQWDO�GDWD�ORVV��UDWKHU�WKDQ�WR�SUHYHQW
XQDXWKRUL]HG�DFFHVV�WR�GDWD��)RU�H[DPSOH��WKH�ILOH�SHUPLVVLRQV�V\VWHP�LQ�+')6�SUHYHQWV
RQH�XVHU�IURP�DFFLGHQWDOO\�ZLSLQJ�RXW�WKH�ZKROH�ILOHV\VWHP�IURP�D�EXJ�LQ�D�SURJUDP�
RU�E\�PLVWDNHQO\�W\SLQJ�hadoop fs -rmr /��EXW�LW�GRHVQ¦W�SUHYHQW�D�PDOLFLRXV�XVHU�IURP
DVVXPLQJ�URRW¦V�LGHQWLW\��VHH�£6HWWLQJ�8VHU�,GHQWLW\¤�RQ�SDJH������WR�DFFHVV�RU�GHOHWH
DQ\�GDWD�LQ�WKH�FOXVWHU�

,Q�VHFXULW\�SDUODQFH��ZKDW�ZDV�PLVVLQJ�ZDV�D�VHFXUH�DXWKHQWLFDWLRQ�PHFKDQLVP�WR�DVVXUH
+DGRRS�WKDW�WKH�XVHU�VHHNLQJ�WR�SHUIRUP�DQ�RSHUDWLRQ�RQ�WKH�FOXVWHU�LV�ZKR�VKH�FODLPV
WR�EH�DQG�WKHUHIRUH�FDQ�EH�WUXVWHG��+')6�ILOH�SHUPLVVLRQV�SURYLGH�RQO\�D�PHFKDQLVP
IRU�DXWKRUL]DWLRQ��ZKLFK�FRQWUROV�ZKDW�D�SDUWLFXODU�XVHU�FDQ�GR�WR�D�SDUWLFXODU�ILOH��)RU
H[DPSOH��D�ILOH�PD\�EH�UHDGDEOH�RQO\�E\�D�FHUWDLQ�JURXS�RI�XVHUV��VR�DQ\RQH�QRW�LQ�WKDW
JURXS� LV�QRW� DXWKRUL]HG� WR� UHDG� LW��+RZHYHU�� DXWKRUL]DWLRQ� LV�QRW� HQRXJK�E\� LWVHOI�
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EHFDXVH�WKH�V\VWHP�LV�VWLOO�RSHQ�WR�DEXVH�YLD�VSRRILQJ�E\�D�PDOLFLRXV�XVHU�ZKR�FDQ�JDLQ
QHWZRUN�DFFHVV�WR�WKH�FOXVWHU�

,W¦V�FRPPRQ�WR�UHVWULFW�DFFHVV�WR�GDWD�WKDW�FRQWDLQV�SHUVRQDOO\�LGHQWLILDEOH�LQIRUPDWLRQ
�VXFK�DV�DQ�HQG�XVHU¦V�IXOO�QDPH�RU�,3�DGGUHVV��WR�D�VPDOO�VHW�RI�XVHUV��RI�WKH�FOXVWHU�
ZLWKLQ�WKH�RUJDQL]DWLRQ�ZKR�DUH�DXWKRUL]HG�WR�DFFHVV�VXFK�LQIRUPDWLRQ��/HVV�VHQVLWLYH
�RU�DQRQ\PL]HG��GDWD�PD\�EH�PDGH�DYDLODEOH�WR�D�ODUJHU�VHW�RI�XVHUV��,W�LV�FRQYHQLHQW�WR
KRVW�D�PL[�RI�GDWDVHWV�ZLWK�GLIIHUHQW�VHFXULW\�OHYHOV�RQ�WKH�VDPH�FOXVWHU��QRW�OHDVW�EHFDXVH
LW�PHDQV�WKH�GDWDVHWV�ZLWK�ORZHU�VHFXULW\�OHYHOV�FDQ�EH�VKDUHG���+RZHYHU��WR�PHHW�UHJ�
XODWRU\�UHTXLUHPHQWV�IRU�GDWD�SURWHFWLRQ��VHFXUH�DXWKHQWLFDWLRQ�PXVW�EH�LQ�SODFH�IRU
VKDUHG�FOXVWHUV�

7KLV�LV�WKH�VLWXDWLRQ�WKDW�<DKRR��IDFHG�LQ�������ZKLFK�OHG�D�WHDP�RI�HQJLQHHUV�WKHUH�WR
LPSOHPHQW�VHFXUH�DXWKHQWLFDWLRQ�IRU�+DGRRS��,Q�WKHLU�GHVLJQ��+DGRRS�LWVHOI�GRHV�QRW
PDQDJH�XVHU�FUHGHQWLDOV��LQVWHDG��LW�UHOLHV�RQ�.HUEHURV��D�PDWXUH�RSHQ�VRXUFH�QHWZRUN
DXWKHQWLFDWLRQ�SURWRFRO��WR�DXWKHQWLFDWH�WKH�XVHU��,Q�WXUQ��.HUEHURV�GRHVQ¦W�PDQDJH
SHUPLVVLRQV��.HUEHURV�VD\V�WKDW�D�XVHU�LV�ZKR�KH�VD\V�KH�LV��LW¦V�+DGRRS¦V�MRE�WR�GHWHU�
PLQH�ZKHWKHU�WKDW�XVHU�KDV�SHUPLVVLRQ�WR�SHUIRUP�D�JLYHQ�DFWLRQ��7KHUH¦V�D�ORW�WR�.HU�
EHURV��VR�KHUH�ZH�RQO\�FRYHU�HQRXJK�WR�XVH�LW�LQ�WKH�FRQWH[W�RI�+DGRRS��UHIHUULQJ�UHDGHUV
ZKR� ZDQW� PRUH� EDFNJURXQG� WR� .HUEHURV�� 7KH� 'HILQLWLYH� *XLGH� E\� -DVRQ� *DUPDQ
�2¦5HLOO\��������

Which Versions of Hadoop Support Kerberos Authentication?
.HUEHURV�IRU�DXWKHQWLFDWLRQ�ZDV�ILUVW�DGGHG�LQ�WKH��������[�VHULHV�RI�$SDFKH�+DGRRS
UHOHDVHV��6HH�7DEOH�����IRU�ZKLFK�UHFHQW�UHOHDVH�VHULHV�VXSSRUW�WKLV�IHDWXUH�

Kerberos and Hadoop
$W�D�KLJK�OHYHO��WKHUH�DUH�WKUHH�VWHSV�WKDW�D�FOLHQW�PXVW�WDNH�WR�DFFHVV�D�VHUYLFH�ZKHQ
XVLQJ�.HUEHURV��HDFK�RI�ZKLFK�LQYROYHV�D�PHVVDJH�H[FKDQJH�ZLWK�D�VHUYHU�

�� $XWKHQWLFDWLRQ��7KH� FOLHQW� DXWKHQWLFDWHV� LWVHOI� WR� WKH�$XWKHQWLFDWLRQ� 6HUYHU� DQG
UHFHLYHV�D�WLPHVWDPSHG�7LFNHW�*UDQWLQJ�7LFNHW��7*7��

�� $XWKRUL]DWLRQ��7KH�FOLHQW�XVHV�WKH�7*7�WR�UHTXHVW�D�VHUYLFH�WLFNHW�IURP�WKH�7LFNHW
*UDQWLQJ�6HUYHU�

�� 6HUYLFH�UHTXHVW��7KH�FOLHQW�XVHV�WKH�VHUYLFH�WLFNHW�WR�DXWKHQWLFDWH�LWVHOI�WR�WKH�VHUYHU
WKDW�LV�SURYLGLQJ�WKH�VHUYLFH�WKH�FOLHQW�LV�XVLQJ��,Q�WKH�FDVH�RI�+DGRRS��WKLV�PLJKW
EH�WKH�QDPHQRGH�RU�WKH�MREWUDFNHU�

7RJHWKHU��WKH�$XWKHQWLFDWLRQ�6HUYHU�DQG�WKH�7LFNHW�*UDQWLQJ�6HUYHU�IRUP�WKH�.H\�'LV�
WULEXWLRQ�&HQWHU��.'&���7KH�SURFHVV�LV�VKRZQ�JUDSKLFDOO\�LQ�)LJXUH�����
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)LJXUH������7KH�WKUHH�VWHS�.HUEHURV�WLFNHW�H[FKDQJH�SURWRFRO

7KH�DXWKRUL]DWLRQ�DQG�VHUYLFH�UHTXHVW�VWHSV�DUH�QRW�XVHU�OHYHO�DFWLRQV��WKH�FOLHQW�SHU�
IRUPV�WKHVH�VWHSV�RQ�WKH�XVHU¦V�EHKDOI��7KH�DXWKHQWLFDWLRQ�VWHS��KRZHYHU��LV�QRUPDOO\
FDUULHG�RXW�H[SOLFLWO\�E\�WKH�XVHU�XVLQJ�WKH�kinit�FRPPDQG��ZKLFK�ZLOO�SURPSW�IRU�D
SDVVZRUG��+RZHYHU��WKLV�GRHVQ¦W�PHDQ�\RX�QHHG�WR�HQWHU�\RXU�SDVVZRUG�HYHU\�WLPH
\RX�UXQ�D�MRE�RU�DFFHVV�+')6��VLQFH�7*7V�ODVW�IRU����KRXUV�E\�GHIDXOW��DQG�FDQ�EH
UHQHZHG�IRU�XS�WR�D�ZHHN���,W¦V�FRPPRQ�WR�DXWRPDWH�DXWKHQWLFDWLRQ�DW�RSHUDWLQJ�V\VWHP
ORJLQ�WLPH��WKHUHE\�SURYLGLQJ�VLQJOH�VLJQ�RQ�WR�+DGRRS�

,Q� FDVHV� ZKHUH� \RX� GRQ¦W� ZDQW� WR� EH� SURPSWHG� IRU� D� SDVVZRUG� �IRU� UXQQLQJ� DQ
XQDWWHQGHG�0DS5HGXFH�MRE��IRU�H[DPSOH���\RX�FDQ�FUHDWH�D�.HUEHURV�NH\WDE�ILOH�XVLQJ
WKH�ktutil�FRPPDQG��$�NH\WDE�LV�D�ILOH�WKDW�VWRUHV�SDVVZRUGV�DQG�PD\�EH�VXSSOLHG�WR�
kinit�ZLWK�WKH�-t�RSWLRQ�

An example
/HW¦V�ORRN�DW�DQ�H[DPSOH�RI�WKH�SURFHVV�LQ�DFWLRQ��7KH�ILUVW�VWHS�LV�WR�HQDEOH�.HUEHURV
DXWKHQWLFDWLRQ� E\� VHWWLQJ� WKH� hadoop.security.authentication� SURSHUW\� LQ� FRUH�
VLWH�[PO� WR� kerberos��� 7KH� GHIDXOW� VHWWLQJ� LV� simple�� ZKLFK� VLJQLILHV� WKDW� WKH� ROG
EDFNZDUGV�FRPSDWLEOH��EXW�LQVHFXUH��EHKDYLRU�RI�XVLQJ�WKH�RSHUDWLQJ�V\VWHP�XVHU�QDPH
WR�GHWHUPLQH�LGHQWLW\�VKRXOG�EH�HPSOR\HG�

�� 7R�XVH�.HUEHURV�DXWKHQWLFDWLRQ�ZLWK�+DGRRS��\RX�QHHG�WR�LQVWDOO��FRQILJXUH��DQG�UXQ�D�.'&��+DGRRS
GRHV�QRW�FRPH�ZLWK�RQH���<RXU�RUJDQL]DWLRQ�PD\�DOUHDG\�KDYH�D�.'&�\RX�FDQ�XVH��DQ�$FWLYH�'LUHFWRU\
LQVWDOODWLRQ��IRU�H[DPSOH���LI�QRW��\RX�FDQ�VHW�XS�DQ�0,7�.HUEHURV���.'&�XVLQJ�WKH�LQVWUXFWLRQV�LQ�WKH
/LQX[�6HFXULW\�&RRNERRN��2¦5HLOO\��������
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:H�DOVR�QHHG�WR�HQDEOH�VHUYLFH�OHYHO�DXWKRUL]DWLRQ�E\�VHWWLQJ�hadoop.security.author
ization�WR�true�LQ�WKH�VDPH�ILOH��<RX�PD\�FRQILJXUH�$FFHVV�&RQWURO�/LVWV��$&/V��LQ�WKH
KDGRRS�SROLF\�[PO�FRQILJXUDWLRQ�ILOH�WR�FRQWURO�ZKLFK�XVHUV�DQG�JURXSV�KDYH�SHUPLVVLRQ
WR�FRQQHFW�WR�HDFK�+DGRRS�VHUYLFH��6HUYLFHV�DUH�GHILQHG�DW�WKH�SURWRFRO�OHYHO��VR�WKHUH
DUH�RQHV�IRU�0DS5HGXFH�MRE�VXEPLVVLRQ��QDPHQRGH�FRPPXQLFDWLRQ��DQG�VR�RQ��%\
GHIDXOW��DOO�$&/V�DUH�VHW�WR�*��ZKLFK�PHDQV�WKDW�DOO�XVHUV�KDYH�SHUPLVVLRQ�WR�DFFHVV�HDFK
VHUYLFH��EXW�RQ�D�UHDO�FOXVWHU�\RX�VKRXOG�ORFN�WKH�$&/V�GRZQ�WR�RQO\�WKRVH�XVHUV�DQG
JURXSV�WKDW�VKRXOG�KDYH�DFFHVV�

7KH�IRUPDW�IRU�DQ�$&/�LV�D�FRPPD�VHSDUDWHG�OLVW�RI�XVHUQDPHV��IROORZHG�E\�ZKLWHVSDFH�
IROORZHG� E\� D� FRPPD�VHSDUDWHG� OLVW� RI� JURXS� QDPHV�� )RU� H[DPSOH�� WKH� $&/
preston,howard directors,inventors�ZRXOG�DXWKRUL]H�DFFHVV�WR�XVHUV�QDPHG�preston
RU�howard��RU�LQ�JURXSV�directors�RU�inventors�

:LWK�.HUEHURV�DXWKHQWLFDWLRQ�WXUQHG�RQ��OHW¦V�VHH�ZKDW�KDSSHQV�ZKHQ�ZH�WU\�WR�FRS\
D�ORFDO�ILOH�WR�+')6�

% hadoop fs -put quangle.txt .
10/07/03 15:44:58 WARN ipc.Client: Exception encountered while connecting to the
server: javax.security.sasl.SaslException: GSS initiate failed [Caused by GSSEx
ception: No valid credentials provided (Mechanism level: Failed to find any Ker
beros tgt)]
Bad connection to FS. command aborted. exception: Call to localhost/127.0.0.1:80
20 failed on local exception: java.io.IOException: javax.security.sasl.SaslExcep
tion: GSS initiate failed [Caused by GSSException: No valid credentials provided
(Mechanism level: Failed to find any Kerberos tgt)]

7KH�RSHUDWLRQ�IDLOV�EHFDXVH�ZH�GRQ¦W�KDYH�D�.HUEHURV�WLFNHW��:H�FDQ�JHW�RQH�E\�DX�
WKHQWLFDWLQJ�WR�WKH�.'&��XVLQJ�kinit�

% kinit
Password for hadoop-user@LOCALDOMAIN: password
% hadoop fs -put quangle.txt .
% hadoop fs -stat %n quangle.txt
quangle.txt

$QG�ZH�VHH�WKDW�WKH�ILOH�LV�VXFFHVVIXOO\�ZULWWHQ�WR�+')6��1RWLFH�WKDW�HYHQ�WKRXJK�ZH
FDUULHG�RXW�WZR�ILOHV\VWHP�FRPPDQGV��ZH�RQO\�QHHGHG�WR�FDOO�kinit�RQFH��VLQFH�WKH
.HUEHURV�WLFNHW�LV�YDOLG�IRU����KRXUV��XVH�WKH�klist�FRPPDQG�WR�VHH�WKH�H[SLU\�WLPH�RI
\RXU�WLFNHWV�DQG�kdestroy�WR�LQYDOLGDWH�\RXU�WLFNHWV���$IWHU�ZH�JHW�D�WLFNHW��HYHU\WKLQJ
ZRUNV�MXVW�DV�LW�QRUPDOO\�ZRXOG�

Delegation Tokens
,Q�D�GLVWULEXWHG� V\VWHP�VXFK�DV�+')6�RU�0DS5HGXFH�� WKHUH� DUH�PDQ\�FOLHQW�VHUYHU
LQWHUDFWLRQV��HDFK�RI�ZKLFK�PXVW�EH�DXWKHQWLFDWHG��)RU�H[DPSOH��DQ�+')6�UHDG�RSHU�
DWLRQ�ZLOO�LQYROYH�PXOWLSOH�FDOOV�WR�WKH�QDPHQRGH�DQG�FDOOV�WR�RQH�RU�PRUH�GDWDQRGHV�
,QVWHDG�RI�XVLQJ�WKH�WKUHH�VWHS�.HUEHURV�WLFNHW�H[FKDQJH�SURWRFRO�WR�DXWKHQWLFDWH�HDFK
FDOO��ZKLFK�ZRXOG�SUHVHQW�D�KLJK�ORDG�RQ�WKH�.'&�RQ�D�EXV\�FOXVWHU��+DGRRS�XVHV
GHOHJDWLRQ�WRNHQV�WR�DOORZ�ODWHU�DXWKHQWLFDWHG�DFFHVV�ZLWKRXW�KDYLQJ�WR�FRQWDFW�WKH�.'&
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DJDLQ��'HOHJDWLRQ�WRNHQV�DUH�FUHDWHG�DQG�XVHG�WUDQVSDUHQWO\�E\�+DGRRS�RQ�EHKDOI�RI
XVHUV��VR�WKHUH¦V�QR�DFWLRQ�\RX�QHHG�WR�WDNH�DV�D�XVHU�EH\RQG�XVLQJ�kinit�WR�VLJQ�LQ��EXW
LW¦V�XVHIXO�WR�KDYH�D�EDVLF�LGHD�RI�KRZ�WKH\�DUH�XVHG�

$�GHOHJDWLRQ�WRNHQ�LV�JHQHUDWHG�E\�WKH�VHUYHU��WKH�QDPHQRGH�LQ�WKLV�FDVH��DQG�FDQ�EH
WKRXJKW�RI�DV�D�VKDUHG�VHFUHW�EHWZHHQ�WKH�FOLHQW�DQG�WKH�VHUYHU��2Q�WKH�ILUVW�53&�FDOO�WR
WKH�QDPHQRGH��WKH�FOLHQW�KDV�QR�GHOHJDWLRQ�WRNHQ��VR�LW�XVHV�.HUEHURV�WR�DXWKHQWLFDWH�
DQG�DV�D�SDUW�RI�WKH�UHVSRQVH�LW�JHWV�D�GHOHJDWLRQ�WRNHQ�IURP�WKH�QDPHQRGH��,Q�VXEVH�
TXHQW�FDOOV��LW�SUHVHQWV�WKH�GHOHJDWLRQ�WRNHQ��ZKLFK�WKH�QDPHQRGH�FDQ�YHULI\��VLQFH�LW
JHQHUDWHG�LW�XVLQJ�D�VHFUHW�NH\���DQG�KHQFH�WKH�FOLHQW�LV�DXWKHQWLFDWHG�WR�WKH�VHUYHU�

:KHQ�LW�ZDQWV�WR�SHUIRUP�RSHUDWLRQV�RQ�+')6�EORFNV��WKH�FOLHQW�XVHV�D�VSHFLDO�NLQG�RI
GHOHJDWLRQ�WRNHQ��FDOOHG�D�EORFN�DFFHVV�WRNHQ��WKDW�WKH�QDPHQRGH�SDVVHV�WR�WKH�FOLHQW�LQ
UHVSRQVH�WR�D�PHWDGDWD�UHTXHVW��7KH�FOLHQW�XVHV�WKH�EORFN�DFFHVV�WRNHQ�WR�DXWKHQWLFDWH
LWVHOI�WR�GDWDQRGHV��7KLV�LV�SRVVLEOH�RQO\�EHFDXVH�WKH�QDPHQRGH�VKDUHV�LWV�VHFUHW�NH\
XVHG�WR�JHQHUDWH�WKH�EORFN�DFFHVV�WRNHQ�ZLWK�GDWDQRGHV��ZKLFK�LW�VHQGV�LQ�KHDUWEHDW
PHVVDJHV���VR�WKDW�WKH\�FDQ�YHULI\�EORFN�DFFHVV�WRNHQV��7KXV��DQ�+')6�EORFN�PD\�EH
DFFHVVHG�RQO\�E\�D�FOLHQW�ZLWK�D�YDOLG�EORFN�DFFHVV�WRNHQ�IURP�D�QDPHQRGH��7KLV�FORVHV
WKH�VHFXULW\�KROH�LQ�XQVHFXUHG�+DGRRS�ZKHUH�RQO\�WKH�EORFN�,'�ZDV�QHHGHG�WR�JDLQ
DFFHVV�WR�D�EORFN��7KLV�SURSHUW\�LV�HQDEOHG�E\�VHWWLQJ�dfs.block.access.token.enable
WR�true�

,Q�0DS5HGXFH��MRE�UHVRXUFHV�DQG�PHWDGDWD��VXFK�DV�-$5�ILOHV��LQSXW�VSOLWV��DQG�FRQ�
ILJXUDWLRQ�ILOHV��DUH�VKDUHG�LQ�+')6�IRU�WKH�MREWUDFNHU�WR�DFFHVV��DQG�XVHU�FRGH�UXQV�RQ
WKH�WDVNWUDFNHUV�DQG�DFFHVVHV�ILOHV�RQ�+')6��WKH�SURFHVV�LV�H[SODLQHG�LQ�£$QDWRP\�RI
D�0DS5HGXFH�-RE�5XQ¤�RQ�SDJH�������'HOHJDWLRQ�WRNHQV�DUH�XVHG�E\�WKH�MREWUDFNHU
DQG�WDVNWUDFNHUV�WR�DFFHVV�+')6�GXULQJ�WKH�FRXUVH�RI�WKH�MRE��:KHQ�WKH�MRE�KDV�ILQ�
LVKHG��WKH�GHOHJDWLRQ�WRNHQV�DUH�LQYDOLGDWHG�

'HOHJDWLRQ�WRNHQV�DUH�DXWRPDWLFDOO\�REWDLQHG�IRU�WKH�GHIDXOW�+')6�LQVWDQFH��EXW�LI�\RXU
MRE�QHHGV�WR�DFFHVV�RWKHU�+')6�FOXVWHUV��\RX�FDQ�ORDG�WKH�GHOHJDWLRQ�WRNHQV�IRU�WKHVH
E\�VHWWLQJ�WKH�mapreduce.job.hdfs-servers�MRE�SURSHUW\�WR�D�FRPPD�VHSDUDWHG�OLVW�RI
+')6�85,V�

Other Security Enhancements
6HFXULW\�KDV�EHHQ�WLJKWHQHG�WKURXJKRXW�+')6�DQG�0DS5HGXFH�WR�SURWHFW�DJDLQVW�XQ�
DXWKRUL]HG�DFFHVV�WR�UHVRXUFHV���7KH�PRUH�QRWDEOH�FKDQJHV�DUH�OLVWHG�KHUH�

� 7DVNV�FDQ�EH�UXQ�XVLQJ�WKH�RSHUDWLQJ�V\VWHP�DFFRXQW�IRU�WKH�XVHU�ZKR�VXEPLWWHG
WKH�MRE��UDWKHU�WKDQ�WKH�XVHU�UXQQLQJ�WKH�WDVNWUDFNHU��7KLV�PHDQV�WKDW�WKH�RSHUDWLQJ
V\VWHP�LV�XVHG�WR�LVRODWH�UXQQLQJ�WDVNV��VR�WKH\�FDQ¦W�VHQG�VLJQDOV�WR�HDFK�RWKHU��WR

�� $W�WKH�WLPH�RI�WKLV�ZULWLQJ��RWKHU�SURMHFWV��VXFK�DV�+%DVH�DQG�+LYH��KDG�QRW�EHHQ�LQWHJUDWHG�ZLWK�WKLV
VHFXULW\�PRGHO�
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NLOO�DQRWKHU�XVHU¦V�WDVNV��IRU�H[DPSOH��DQG�VR�ORFDO�LQIRUPDWLRQ��VXFK�DV�WDVN�GDWD�
LV�NHSW�SULYDWH�YLD�ORFDO�ILOHV\VWHP�SHUPLVVLRQV�

7KLV� IHDWXUH� LV� HQDEOHG� E\� VHWWLQJ� mapred.task.tracker.task-controller� WR�
org.apache.hadoop.mapred.LinuxTaskController��� ,Q� DGGLWLRQ�� DGPLQLVWUDWRUV
QHHG� WR�HQVXUH� WKDW�HDFK�XVHU� LV�JLYHQ�DQ�DFFRXQW�RQ�HYHU\�QRGH� LQ� WKH�FOXVWHU
�W\SLFDOO\�XVLQJ�/'$3��

� :KHQ� WDVNV� DUH� UXQ� DV� WKH� XVHU�ZKR� VXEPLWWHG� WKH� MRE�� WKH� GLVWULEXWHG� FDFKH
�£'LVWULEXWHG�&DFKH¤�RQ�SDJH������LV�VHFXUH��)LOHV�WKDW�DUH�ZRUOG�UHDGDEOH�DUH�SXW
LQ� D� VKDUHG� FDFKH� �WKH� LQVHFXUH�GHIDXOW��� RWKHUZLVH�� WKH\�JR� LQ� D�SULYDWH� FDFKH�
UHDGDEOH�RQO\�E\�WKH�RZQHU�

� 8VHUV�FDQ�YLHZ�DQG�PRGLI\�RQO\� WKHLU�RZQ�MREV��QRW�RWKHUV��7KLV� LV�HQDEOHG�E\
VHWWLQJ�mapred.acls.enabled�WR�true��7KHUH�DUH�WZR�MRE�FRQILJXUDWLRQ�SURSHUWLHV��
mapreduce.job.acl-view-job�DQG�mapreduce.job.acl-modify-job��ZKLFK�PD\�EH�VHW
WR�D�FRPPD�VHSDUDWHG�OLVW�RI�XVHUV�WR�FRQWURO�ZKR�PD\�YLHZ�RU�PRGLI\�D�SDUWLFXODU
MRE�

� 7KH�VKXIIOH�LV�VHFXUH��SUHYHQWLQJ�D�PDOLFLRXV�XVHU�IURP�UHTXHVWLQJ�DQRWKHU�XVHU¦V
PDS�RXWSXWV��+RZHYHU��WKH�VKXIIOH�LV�QRW�HQFU\SWHG��VR�LW�LV�VXEMHFW�WR�PDOLFLRXV
VQLIILQJ�

� :KHQ�DSSURSULDWHO\�FRQILJXUHG��LW¦V�QR�ORQJHU�SRVVLEOH�IRU�D�PDOLFLRXV�XVHU�WR�UXQ
D�URJXH�VHFRQGDU\�QDPHQRGH��GDWDQRGH��RU�WDVNWUDFNHU�WKDW�FDQ�MRLQ�WKH�FOXVWHU
DQG�SRWHQWLDOO\�FRPSURPLVH�GDWD�VWRUHG�LQ�WKH�FOXVWHU��7KLV�LV�HQIRUFHG�E\�UHTXLULQJ
GDHPRQV�WR�DXWKHQWLFDWH�ZLWK�WKH�PDVWHU�QRGH�WKH\�DUH�FRQQHFWLQJ�WR�

7R�HQDEOH�WKLV�IHDWXUH��\RX�ILUVW�QHHG�WR�FRQILJXUH�+DGRRS�WR�XVH�D�NH\WDE�SUHYL�
RXVO\�JHQHUDWHG�ZLWK�WKH�ktutil�FRPPDQG��)RU�D�GDWDQRGH��IRU�H[DPSOH��\RX�ZRXOG
VHW� WKH�dfs.datanode.keytab.file�SURSHUW\�WR�WKH�NH\WDE�ILOHQDPH�DQG�dfs.data
node.kerberos.principal�WR�WKH�XVHUQDPH�WR�XVH�IRU�WKH�GDWDQRGH��)LQDOO\��WKH�$&/
IRU�WKH�DataNodeProtocol��ZKLFK�LV�XVHG�E\�GDWDQRGHV�WR�FRPPXQLFDWH�ZLWK�WKH
QDPHQRGH��PXVW�EH�VHW�LQ�KDGRRS�SROLF\�[PO��E\�UHVWULFWLQJ�security.datanode.pro
tocol.acl�WR�WKH�GDWDQRGH¦V�XVHUQDPH�

� $�GDWDQRGH�PD\�EH�UXQ�RQ�D�SULYLOHJHG�SRUW��RQH�ORZHU�WKDQ��������VR�D�FOLHQW�PD\
EH�UHDVRQDEO\�VXUH�WKDW�LW�ZDV�VWDUWHG�VHFXUHO\�

� $� WDVN�PD\� FRPPXQLFDWH� RQO\�ZLWK� LWV� SDUHQW� WDVNWUDFNHU�� WKXV� SUHYHQWLQJ� DQ
DWWDFNHU�IURP�REWDLQLQJ�0DS5HGXFH�GDWD�IURP�DQRWKHU�XVHU¦V�MRE�

2QH�DUHD�WKDW�KDVQ¦W�\HW�EHHQ�DGGUHVVHG�LQ�WKH�VHFXULW\�ZRUN�LV�HQFU\SWLRQ��QHLWKHU�53&
QRU�EORFN�WUDQVIHUV�DUH�HQFU\SWHG��+')6�EORFNV�DUH�QRW�VWRUHG�LQ�DQ�HQFU\SWHG�IRUP
HLWKHU��7KHVH�IHDWXUHV�DUH�SODQQHG�IRU�D�IXWXUH�UHOHDVH��DQG�LQ�IDFW��HQFU\SWLQJ�WKH�GDWD
VWRUHG�LQ�+')6�FRXOG�EH�FDUULHG�RXW�LQ�H[LVWLQJ�YHUVLRQV�RI�+DGRRS�E\�WKH�DSSOLFDWLRQ
LWVHOI��E\�ZULWLQJ�DQ�HQFU\SWLRQ�CompressionCodec��IRU�H[DPSOH��

�� LinuxTaskController�XVHV�D�VHWXLG�H[HFXWDEOH�FDOOHG�WDVN�FRQWUROOHU��IRXQG�LQ�WKH�ELQ�GLUHFWRU\��<RX�VKRXOG
HQVXUH�WKDW�WKLV�ELQDU\�LV�RZQHG�E\�URRW�DQG�KDV�WKH�VHWXLG�ELW�VHW��ZLWK�chmod +s��
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Benchmarking a Hadoop Cluster
,V�WKH�FOXVWHU�VHW�XS�FRUUHFWO\"�7KH�EHVW�ZD\�WR�DQVZHU�WKLV�TXHVWLRQ�LV�HPSLULFDOO\��UXQ
VRPH�MREV�DQG�FRQILUP�WKDW�\RX�JHW�WKH�H[SHFWHG�UHVXOWV��%HQFKPDUNV�PDNH�JRRG�WHVWV
EHFDXVH�\RX�DOVR�JHW�QXPEHUV�WKDW�\RX�FDQ�FRPSDUH�ZLWK�RWKHU�FOXVWHUV�DV�D�VDQLW\
FKHFN�RQ�ZKHWKHU�\RXU�QHZ�FOXVWHU�LV�SHUIRUPLQJ�URXJKO\�DV�H[SHFWHG��$QG�\RX�FDQ
WXQH�D�FOXVWHU�XVLQJ�EHQFKPDUN�UHVXOWV�WR�VTXHH]H�WKH�EHVW�SHUIRUPDQFH�RXW�RI�LW��7KLV
LV�RIWHQ�GRQH�ZLWK�PRQLWRULQJ�V\VWHPV�LQ�SODFH��VHH�£0RQLWRULQJ¤�RQ�SDJH�������VR
\RX�FDQ�VHH�KRZ�UHVRXUFHV�DUH�EHLQJ�XVHG�DFURVV�WKH�FOXVWHU�

7R�JHW�WKH�EHVW�UHVXOWV��\RX�VKRXOG�UXQ�EHQFKPDUNV�RQ�D�FOXVWHU�WKDW�LV�QRW�EHLQJ�XVHG
E\�RWKHUV��,Q�SUDFWLFH��WKLV�LV�MXVW�EHIRUH�LW�LV�SXW�LQWR�VHUYLFH�DQG�XVHUV�VWDUW�UHO\LQJ�RQ
LW��2QFH�XVHUV�KDYH�VFKHGXOHG�SHULRGLF�MREV�RQ�D�FOXVWHU��LW�LV�JHQHUDOO\�LPSRVVLEOH�WR
ILQG�D�WLPH�ZKHQ�WKH�FOXVWHU�LV�QRW�EHLQJ�XVHG��XQOHVV�\RX�DUUDQJH�GRZQWLPH�ZLWK�XVHUV��
VR�\RX�VKRXOG�UXQ�EHQFKPDUNV�WR�\RXU�VDWLVIDFWLRQ�EHIRUH�WKLV�KDSSHQV�

([SHULHQFH�KDV�VKRZQ�WKDW�PRVW�KDUGZDUH�IDLOXUHV�IRU�QHZ�V\VWHPV�DUH�KDUG�GULYH�IDLO�
XUHV��%\�UXQQLQJ�,�2�LQWHQVLYH�EHQFKPDUNV¢VXFK�DV�WKH�RQHV�GHVFULEHG�QH[W¢\RX
FDQ�£EXUQ�LQ¤�WKH�FOXVWHU�EHIRUH�LW�JRHV�OLYH�

Hadoop Benchmarks
+DGRRS�FRPHV�ZLWK�VHYHUDO�EHQFKPDUNV�WKDW�\RX�FDQ�UXQ�YHU\�HDVLO\�ZLWK�PLQLPDO
VHWXS�FRVW��%HQFKPDUNV�DUH�SDFNDJHG�LQ�WKH�WHVW�-$5�ILOH��DQG�\RX�FDQ�JHW�D�OLVW�RI�WKHP�
ZLWK�GHVFULSWLRQV��E\�LQYRNLQJ�WKH�-$5�ILOH�ZLWK�QR�DUJXPHQWV�

% hadoop jar $HADOOP_INSTALL/hadoop-*-test.jar

0RVW�RI�WKH�EHQFKPDUNV�VKRZ�XVDJH�LQVWUXFWLRQV�ZKHQ�LQYRNHG�ZLWK�QR�DUJXPHQWV�
)RU�H[DPSOH�

% hadoop jar $HADOOP_INSTALL/hadoop-*-test.jar TestDFSIO
TestFDSIO.0.0.4
Usage: TestFDSIO -read | -write | -clean [-nrFiles N] [-fileSize MB] [-resFile 
resultFileName] [-bufferSize Bytes]

Benchmarking HDFS with TestDFSIO
TestDFSIO�WHVWV�WKH�,�2�SHUIRUPDQFH�RI�+')6��,W�GRHV�WKLV�E\�XVLQJ�D�0DS5HGXFH�MRE
DV�D�FRQYHQLHQW�ZD\�WR�UHDG�RU�ZULWH�ILOHV�LQ�SDUDOOHO��(DFK�ILOH�LV�UHDG�RU�ZULWWHQ�LQ�D
VHSDUDWH�PDS�WDVN��DQG�WKH�RXWSXW�RI�WKH�PDS�LV�XVHG�IRU�FROOHFWLQJ�VWDWLVWLFV�UHODWHG�WR
WKH�ILOH�MXVW�SURFHVVHG��7KH�VWDWLVWLFV�DUH�DFFXPXODWHG�LQ�WKH�UHGXFH�WR�SURGXFH�D�VXP�
PDU\�

7KH�IROORZLQJ�FRPPDQG�ZULWHV����ILOHV�RI�������0%�HDFK�

% hadoop jar $HADOOP_INSTALL/hadoop-*-test.jar TestDFSIO -write -nrFiles 10
-fileSize 1000
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$W�WKH�HQG�RI�WKH�UXQ��WKH�UHVXOWV�DUH�ZULWWHQ�WR�WKH�FRQVROH�DQG�DOVR�UHFRUGHG�LQ�D�ORFDO
ILOH��ZKLFK�LV�DSSHQGHG�WR��VR�\RX�FDQ�UHUXQ�WKH�EHQFKPDUN�DQG�QRW�ORVH�ROG�UHVXOWV��

% cat TestDFSIO_results.log
----- TestDFSIO ----- : write
           Date & time: Sun Apr 12 07:14:09 EDT 2009
       Number of files: 10
Total MBytes processed: 10000
     Throughput mb/sec: 7.796340865378244
Average IO rate mb/sec: 7.8862199783325195
 IO rate std deviation: 0.9101254683525547
    Test exec time sec: 163.387

7KH�ILOHV�DUH�ZULWWHQ�XQGHU�WKH��EHQFKPDUNV�7HVW')6,2�GLUHFWRU\�E\�GHIDXOW��WKLV�FDQ
EH� FKDQJHG� E\� VHWWLQJ� WKH� test.build.data� V\VWHP� SURSHUW\��� LQ� D� GLUHFWRU\� FDOOHG
LRBGDWD�

7R�UXQ�D�UHDG�EHQFKPDUN��XVH�WKH�-read�DUJXPHQW��1RWH�WKDW�WKHVH�ILOHV�PXVW�DOUHDG\
H[LVW��KDYLQJ�EHHQ�ZULWWHQ�E\�TestDFSIO -write��

% hadoop jar $HADOOP_INSTALL/hadoop-*-test.jar TestDFSIO -read -nrFiles 10 
-fileSize 1000

+HUH�DUH�WKH�UHVXOWV�IRU�D�UHDO�UXQ�

----- TestDFSIO ----- : read
           Date & time: Sun Apr 12 07:24:28 EDT 2009
       Number of files: 10
Total MBytes processed: 10000
     Throughput mb/sec: 80.25553361904304
Average IO rate mb/sec: 98.6801528930664
 IO rate std deviation: 36.63507598174921
    Test exec time sec: 47.624

:KHQ�\RX¦YH�ILQLVKHG�EHQFKPDUNLQJ��\RX�FDQ�GHOHWH�DOO�WKH�JHQHUDWHG�ILOHV�IURP�+')6
XVLQJ�WKH�-clean�DUJXPHQW�

% hadoop jar $HADOOP_INSTALL/hadoop-*-test.jar TestDFSIO -clean

Benchmarking MapReduce with Sort
+DGRRS�FRPHV�ZLWK�D�0DS5HGXFH�SURJUDP�WKDW�GRHV�D�SDUWLDO�VRUW�RI�LWV�LQSXW��,W�LV
YHU\�XVHIXO�IRU�EHQFKPDUNLQJ�WKH�ZKROH�0DS5HGXFH�V\VWHP��DV�WKH�IXOO�LQSXW�GDWDVHW
LV�WUDQVIHUUHG�WKURXJK�WKH�VKXIIOH��7KH�WKUHH�VWHSV�DUH��JHQHUDWH�VRPH�UDQGRP�GDWD�
SHUIRUP�WKH�VRUW��WKHQ�YDOLGDWH�WKH�UHVXOWV�

)LUVW��ZH�JHQHUDWH�VRPH�UDQGRP�GDWD�XVLQJ�RandomWriter�� ,W�UXQV�D�0DS5HGXFH� MRE
ZLWK����PDSV�SHU�QRGH�� DQG�HDFK�PDS�JHQHUDWHV� �DSSUR[LPDWHO\����*%�RI� UDQGRP
ELQDU\�GDWD��ZLWK�NH\V�DQG�YDOXHV�RI�YDULRXV�VL]HV��<RX�FDQ�FKDQJH�WKHVH�YDOXHV�LI�\RX
OLNH� E\� VHWWLQJ� WKH� SURSHUWLHV� test.randomwriter.maps_per_host� DQG� test.random
write.bytes_per_map��7KHUH�DUH�DOVR�VHWWLQJV�IRU�WKH�VL]H�UDQJHV�RI�WKH�NH\V�DQG�YDOXHV�
VHH�RandomWriter�IRU�GHWDLOV�
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+HUH¦V�KRZ�WR�LQYRNH�RandomWriter��IRXQG�LQ�WKH�H[DPSOH�-$5�ILOH��QRW�WKH�WHVW�RQH��WR
ZULWH�LWV�RXWSXW�WR�D�GLUHFWRU\�FDOOHG�UDQGRP�GDWD�

% hadoop jar $HADOOP_INSTALL/hadoop-*-examples.jar randomwriter random-data

1H[W��ZH�FDQ�UXQ�WKH�Sort�SURJUDP�

% hadoop jar $HADOOP_INSTALL/hadoop-*-examples.jar sort random-data sorted-data

7KH�RYHUDOO�H[HFXWLRQ�WLPH�RI�WKH�VRUW�LV�WKH�PHWULF�ZH�DUH�LQWHUHVWHG�LQ��EXW�LW¦V�LQ�
VWUXFWLYH� WR�ZDWFK� WKH� MRE¦V�SURJUHVV�YLD� WKH�ZHE�8,� �KWWS���MREWUDFNHU�KRVW���������
ZKHUH� \RX� FDQ� JHW� D� IHHO� IRU� KRZ� ORQJ� HDFK� SKDVH� RI� WKH� MRE� WDNHV�� $GMXVWLQJ� WKH
SDUDPHWHUV�PHQWLRQHG�LQ�£7XQLQJ�D�-RE¤�RQ�SDJH�����LV�D�XVHIXO�H[HUFLVH��WRR�

$V�D� ILQDO�VDQLW\�FKHFN��ZH�YDOLGDWH�WKDW�WKH�GDWD� LQ�VRUWHG�GDWD� LV�� LQ� IDFW��FRUUHFWO\
VRUWHG�

% hadoop jar $HADOOP_INSTALL/hadoop-*-test.jar testmapredsort -sortInput random-data \
  -sortOutput sorted-data

7KLV�FRPPDQG�UXQV�WKH�SortValidator�SURJUDP��ZKLFK�SHUIRUPV�D�VHULHV�RI�FKHFNV�RQ
WKH�XQVRUWHG�DQG�VRUWHG�GDWD�WR�FKHFN�ZKHWKHU�WKH�VRUW�LV�DFFXUDWH��,W�UHSRUWV�WKH�RXW�
FRPH�WR�WKH�FRQVROH�DW�WKH�HQG�RI�LWV�UXQ�

SUCCESS! Validated the MapReduce framework's 'sort' successfully.

Other benchmarks
7KHUH�DUH�PDQ\�PRUH�+DGRRS�EHQFKPDUNV��EXW�WKH�IROORZLQJ�DUH�ZLGHO\�XVHG�

� MRBench��LQYRNHG�ZLWK�mrbench��UXQV�D�VPDOO�MRE�D�QXPEHU�RI�WLPHV��,W�DFWV�DV�D�JRRG
FRXQWHUSRLQW�WR�VRUW��DV�LW�FKHFNV�ZKHWKHU�VPDOO�MRE�UXQV�DUH�UHVSRQVLYH�

� NNBench��LQYRNHG�ZLWK�nnbench��LV�XVHIXO�IRU�ORDG�WHVWLQJ�QDPHQRGH�KDUGZDUH�

� *ULGPL[�LV�D�VXLWH�RI�EHQFKPDUNV�GHVLJQHG�WR�PRGHO�D�UHDOLVWLF�FOXVWHU�ZRUNORDG�E\
PLPLFNLQJ�D�YDULHW\�RI�GDWD�DFFHVV�SDWWHUQV�VHHQ�LQ�SUDFWLFH��6HH�WKH�GRFXPHQWDWLRQ
LQ�WKH�GLVWULEXWLRQ�IRU�KRZ�WR�UXQ�*ULGPL[��DQG�WKH�EORJ�SRVW�DW�KWWS���GHYHORSHU
�\DKRR�QHW�EORJV�KDGRRS���������JULGPL[�BHPXODWLQJBSURGXFWLRQ�KWPO� IRU� PRUH
EDFNJURXQG��

User Jobs
)RU�WXQLQJ��LW�LV�EHVW�WR�LQFOXGH�D�IHZ�MREV�WKDW�DUH�UHSUHVHQWDWLYH�RI�WKH�MREV�WKDW�\RXU
XVHUV�UXQ��VR�\RXU�FOXVWHU�LV�WXQHG�IRU�WKHVH�DQG�QRW�MXVW�IRU�WKH�VWDQGDUG�EHQFKPDUNV�
,I�WKLV�LV�\RXU�ILUVW�+DGRRS�FOXVWHU�DQG�\RX�GRQ¦W�KDYH�DQ\�XVHU�MREV�\HW��WKHQ�*ULGPL[
LV�D�JRRG�VXEVWLWXWH�

�� ,Q�D�VLPLODU�YHLQ��3LJ0L[�LV�D�VHW�RI�EHQFKPDUNV�IRU�3LJ��DYDLODEOH�DW�KWWSV���FZLNL�DSDFKH�RUJ�FRQIOXHQFH�
GLVSOD\�3,*�3LJ0L[�
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:KHQ�UXQQLQJ�\RXU�RZQ�MREV�DV�EHQFKPDUNV��\RX�VKRXOG�VHOHFW�D�GDWDVHW�IRU�\RXU�XVHU
MREV�DQG�XVH�LW�HDFK�WLPH�\RX�UXQ�WKH�EHQFKPDUNV�WR�DOORZ�FRPSDULVRQV�EHWZHHQ�UXQV�
:KHQ�\RX�VHW�XS�D�QHZ�FOXVWHU�RU�XSJUDGH�D�FOXVWHU��\RX�ZLOO�EH�DEOH�WR�XVH�WKH�VDPH
GDWDVHW�WR�FRPSDUH�WKH�SHUIRUPDQFH�ZLWK�SUHYLRXV�UXQV�

Hadoop in the Cloud
$OWKRXJK�PDQ\�RUJDQL]DWLRQV�FKRRVH�WR�UXQ�+DGRRS�LQ�KRXVH��LW�LV�DOVR�SRSXODU�WR�UXQ
+DGRRS�LQ�WKH�FORXG�RQ�UHQWHG�KDUGZDUH�RU�DV�D�VHUYLFH��)RU�LQVWDQFH��&ORXGHUD�RIIHUV
WRROV�IRU�UXQQLQJ�+DGRRS�LQ�D�SXEOLF�RU�SULYDWH�FORXG��VHH�$SSHQGL[�%���DQG�$PD]RQ
KDV�D�+DGRRS�FORXG�VHUYLFH�FDOOHG�(ODVWLF�0DS5HGXFH�

,Q�WKLV�VHFWLRQ��ZH�ORRN�DW�UXQQLQJ�+DGRRS�RQ�$PD]RQ�(&���ZKLFK�LV�D�JUHDW�ZD\�WR
WU\�RXW�\RXU�RZQ�+DGRRS�FOXVWHU�RQ�D�ORZ�FRPPLWPHQW�WULDO�EDVLV�

Apache Whirr
$PD]RQ�(ODVWLF�&RPSXWH�&ORXG��(&���LV�D�FRPSXWLQJ�VHUYLFH�WKDW�DOORZV�FXVWRPHUV
WR�UHQW�FRPSXWHUV��LQVWDQFHV��RQ�ZKLFK�WKH\�FDQ�UXQ�WKHLU�RZQ�DSSOLFDWLRQV��$�FXVWRPHU
FDQ�ODXQFK�DQG�WHUPLQDWH�LQVWDQFHV�RQ�GHPDQG��SD\LQJ�E\�WKH�KRXU�IRU�DFWLYH�LQVWDQFHV�

7KH�$SDFKH�:KLUU�SURMHFW��KWWS���ZKLUU�DSDFKH�RUJ���SURYLGHV�D�-DYD�$3,�DQG�D�VHW�RI
VFULSWV�WKDW�PDNH�LW�HDV\�WR�UXQ�+DGRRS�RQ�(&��DQG�RWKHU�FORXG�SURYLGHUV����7KH�VFULSWV
DOORZ�\RX�WR�SHUIRUP�VXFK�RSHUDWLRQV�DV�ODXQFKLQJ�RU�WHUPLQDWLQJ�D�FOXVWHU��RU�OLVWLQJ
WKH�UXQQLQJ�LQVWDQFHV�LQ�D�FOXVWHU�

5XQQLQJ�+DGRRS�RQ�(&��LV�HVSHFLDOO\�DSSURSULDWH�IRU�FHUWDLQ�ZRUNIORZV��)RU�H[DPSOH�
LI�\RX�VWRUH�GDWD�RQ�$PD]RQ�6���\RX�FDQ�UXQ�D�FOXVWHU�RQ�(&��DQG�UXQ�0DS5HGXFH�MREV
WKDW�UHDG�WKH�6��GDWD�DQG�ZULWH�RXWSXW�EDFN�WR�6��EHIRUH�VKXWWLQJ�GRZQ�WKH�FOXVWHU��,I
\RX¦UH�ZRUNLQJ�ZLWK�ORQJHU�OLYHG�FOXVWHUV��\RX�PLJKW�FRS\�6��GDWD�RQWR�+')6�UXQQLQJ
RQ�(&��IRU�PRUH�HIILFLHQW�SURFHVVLQJ��DV�+')6�FDQ�WDNH�DGYDQWDJH�RI�GDWD�ORFDOLW\��EXW
6��FDQQRW��VLQFH�6��VWRUDJH�LV�QRW�FROORFDWHG�ZLWK�(&��QRGHV��

Setup
)LUVW��LQVWDOO�:KLUU�E\�GRZQORDGLQJ�D�UHFHQW�UHOHDVH�WDUEDOO�DQG�XQSDFNLQJ�LW�RQ�WKH
PDFKLQH�\RX�ZDQW�WR�ODXQFK�WKH�FOXVWHU�IURP��DV�IROORZV�

% tar xzf whirr-x.y.z.tar.gz

:KLUU�XVHV�66+�WR�FRPPXQLFDWH�ZLWK�PDFKLQHV�UXQQLQJ�LQ�WKH�FORXG��VR�LW¦V�D�JRRG
LGHD�WR�JHQHUDWH�DQ�66+�NH\SDLU�IRU�H[FOXVLYH�XVH�ZLWK�:KLUU��+HUH�ZH�FUHDWH�DQ�56$
NH\SDLU�ZLWK�DQ�HPSW\�SDVVSKUDVH��VWRUHG�LQ�D�ILOH�FDOOHG�LGBUVDBZKLUU�LQ�WKH�FXUUHQW
XVHU¦V��VVK�GLUHFWRU\�

��� 7KHUH�DUH�DOVR�EDVK�VFULSWV�LQ�WKH�VUF�FRQWULE�HF��VXEGLUHFWRU\�RI�WKH�+DGRRS�GLVWULEXWLRQ��EXW�WKHVH�DUH
GHSUHFDWHG�LQ�IDYRU�RI�:KLUU�
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% ssh-keygen -t rsa -P '' -f ~/.ssh/id_rsa_whirr

'R�QRW� FRQIXVH� WKH�:KLUU�66+�NH\SDLU�ZLWK�DQ\�FHUWLILFDWHV��SULYDWH
NH\V��RU�66+�NH\SDLUV�DVVRFLDWHG�ZLWK�\RXU�$PD]RQ�:HE�6HUYLFHV�DF�
FRXQW��:KLUU� LV�GHVLJQHG�WR�ZRUN�ZLWK�PDQ\�FORXG�SURYLGHUV��DQG� LW
PXVW�KDYH�DFFHVV�WR�ERWK�WKH�SXEOLF�DQG�SULYDWH�66+�NH\�RI�D�SDVVSKUDVH�
OHVV�NH\SDLU�WKDW¦V�UHDG�IURP�WKH�ORFDO�ILOHV\VWHP��,Q�SUDFWLFH��LW¦V�VLPSOHVW
WR�JHQHUDWH�D�QHZ�NH\SDLU�IRU�:KLUU��DV�ZH�GLG�KHUH�

:H�QHHG�WR�WHOO�:KLUU�RXU�FORXG�SURYLGHU�FUHGHQWLDOV��:H�FDQ�H[SRUW�WKHP�DV�HQYLURQ�
PHQW�YDULDEOHV�DV�IROORZV��DOWKRXJK�\RX�FDQ�DOWHUQDWLYHO\�VSHFLI\�WKHP�RQ�WKH�FRPPDQG
OLQH�RU�LQ�WKH�FRQILJXUDWLRQ�ILOH�IRU�WKH�VHUYLFH�

% export AWS_ACCESS_KEY_ID='...'
% export AWS_SECRET_ACCESS_KEY='...'

Launching a cluster
:H� DUH� QRZ� UHDG\� WR� ODXQFK� D� FOXVWHU��:KLUU� FRPHV� ZLWK� VHYHUDO� UHFLSHV� ILOHV� IRU
ODXQFKLQJ�FRPPRQ�VHUYLFH�FRQILJXUDWLRQV��DQG�KHUH�ZH�XVH�WKH�UHFLSH�WR�UXQ�+DGRRS
RQ�(&��

% bin/whirr launch-cluster --config recipes/hadoop-ec2.properties \
  --private-key-file ~/.ssh/id_rsa_whirr

7KH�launch-cluster�FRPPDQG�SURYLVLRQV�WKH�FORXG�LQVWDQFHV�DQG�VWDUWV�WKH�VHUYLFHV
UXQQLQJ�RQ�WKHP�EHIRUH�UHWXUQLQJ�FRQWURO�WR�WKH�XVHU�

Configuration
%HIRUH�ZH� VWDUW�XVLQJ� WKH�FOXVWHU�� OHW¦V� ORRN�DW�:KLUU� FRQILJXUDWLRQ� LQ�PRUH�GHWDLO��
&RQILJXUDWLRQ�SDUDPHWHUV�DUH�SDVVHG�WR�:KLUU�FRPPDQGV�DV�EXQGOHV�LQ�D�FRQILJXUDWLRQ
ILOH�VSHFLILHG�E\�WKH�--config�RSWLRQ��RU�LQGLYLGXDOO\�XVLQJ�FRPPDQG�OLQH�DUJXPHQWV�
OLNH�WKH�--private-key-file�DUJXPHQW�ZH�XVHG�WR�LQGLFDWH�WKH�ORFDWLRQ�RI�WKH�66+�SUL�
YDWH�NH\�ILOH�

7KH�UHFLSH� ILOH� LV�DFWXDOO\� MXVW�D�-DYD�SURSHUWLHV� ILOH� WKDW�GHILQHV�D�QXPEHU�RI�:KLUU
SURSHUWLHV��/HW¦V�VWHS�WKURXJK�WKH�VDOLHQW�SURSHUWLHV�IURP�KDGRRS�HF��SURSHUWLHV��VWDUW�
LQJ�ZLWK�WKH�WZR�SURSHUWLHV�WKDW�GHILQH�WKH�FOXVWHU�DQG�WKH�VHUYLFHV�UXQQLQJ�RQ�LW�

whirr.cluster-name=hadoop
whirr.instance-templates=1 hadoop-namenode+hadoop-jobtracker,5 hadoop-datanode+
hadoop-tasktracker

(YHU\�FOXVWHU�KDV�D�QDPH��VSHFLILHG�E\�whirr.cluster-name��ZKLFK�VHUYHV�WR�LGHQWLI\�WKH
FOXVWHU�VR�\RX�FDQ�SHUIRUP�RSHUDWLRQV�RQ�LW��VXFK�DV�OLVWLQJ�DOO�UXQQLQJ�LQVWDQFHV�RU
WHUPLQDWLQJ�WKH�FOXVWHU��7KH�QDPH�PXVW�EH�XQLTXH�ZLWKLQ�WKH�FORXG�DFFRXQW�WKDW�WKH
FOXVWHU�LV�UXQQLQJ�LQ�

7KH�whirr.instance-templates�SURSHUW\�GHILQHV�WKH�VHUYLFHV�WKDW�UXQ�RQ�D�FOXVWHU��$Q
LQVWDQFH�WHPSODWH�VSHFLILHV�D�FDUGLQDOLW\�DQG�D�VHW�RI�UROHV�WKDW�UXQ�RQ�HDFK�LQVWDQFH�RI
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WKDW�W\SH��7KXV��ZH�KDYH�RQH�LQVWDQFH�UXQQLQJ�LQ�ERWK�WKH�hadoop-namenode�UROH�DQG
WKH�hadoop-jobtracker�UROH��7KHUH�DUH�DOVR���LQVWDQFHV�UXQQLQJ�D�hadoop-datanode�DQG
D� hadoop-tasktracker�� :LWK� whirr.instance-templates�� \RX� FDQ� GHILQH� WKH� SUHFLVH
FRPSRVLWLRQ�RI�\RXU�FOXVWHU��7KHUH�DUH�SOHQW\�RI�RWKHU�VHUYLFHV�\RX�FDQ�UXQ�LQ�DGGLWLRQ
WR�+DGRRS��DQG�\RX�FDQ�GLVFRYHU�WKHP�E\�UXQQLQJ�ELQ�ZKLUU�ZLWK�QR�DUJXPHQWV�

7KH�QH[W�JURXS�RI�SURSHUWLHV�VSHFLI\�FORXG�FUHGHQWLDOV�

whirr.provider=aws-ec2
whirr.identity=${env:AWS_ACCESS_KEY_ID}
whirr.credential=${env:AWS_SECRET_ACCESS_KEY}

7KH�whirr.provider�SURSHUW\�GHILQHV�WKH�FORXG�SURYLGHU��KHUH�(&���RWKHU�VXSSRUWHG
SURYLGHUV�DUH�OLVWHG�LQ�WKH�:KLUU�GRFXPHQWDWLRQ���7KH�whirr.identity�DQG�whirr.cre
dential�SURSHUWLHV�DUH�WKH�FORXG�VSHFLILF�FUHGHQWLDOV¢URXJKO\�VSHDNLQJ��WKH�XVHUQDPH
DQG�SDVVZRUG��DOWKRXJK�WKH�WHUPLQRORJ\�YDULHV�IURP�SURYLGHU�WR�SURYLGHU�

7KH�ILQDO�WKUHH�SDUDPHWHUV�RIIHU�FRQWURO�RYHU�WKH�FOXVWHU�KDUGZDUH��LQVWDQFH�FDSDELOLWLHV�
VXFK�DV�PHPRU\��GLVN��&38��DQG�QHWZRUN�VSHHG���WKH�PDFKLQH�LPDJH��RSHUDWLQJ�V\V�
WHP���DQG�JHRJUDSKLF�ORFDWLRQ��GDWD�FHQWHU���7KHVH�DUH�DOO�SURYLGHU�GHSHQGHQW��EXW�LI
\RX�RPLW�WKHP��:KLUU�ZLOO�WU\�WR�SLFN�JRRG�GHIDXOWV�

whirr.hardware-id=c1.xlarge
whirr.image-id=us-east-1/ami-da0cf8b3
whirr.location-id=us-east-1

3URSHUWLHV�LQ�WKH�ILOH�DUH�SUHIL[HG�ZLWK�whirr.��EXW�LI�WKH\�DUH�SDVVHG�DV�DUJXPHQWV�RQ
WKH�FRPPDQG�OLQH��WKH�SUHIL[�LV�GURSSHG��6R��IRU�H[DPSOH��\RX�FRXOG�VHW�WKH�FOXVWHU
QDPH�E\�DGGLQJ�--cluster-name hadoop�RQ�WKH�FRPPDQG� OLQH��DQG�WKLV�ZRXOG�WDNH
SUHFHGHQFH�RYHU�DQ\�YDOXH�VHW�LQ�WKH�SURSHUWLHV�ILOH��&RQYHUVHO\��ZH�FRXOG�KDYH�VHW�WKH
SULYDWH�NH\�ILOH�LQ�WKH�SURSHUWLHV�ILOH�E\�DGGLQJ�D�OLQH�OLNH�

whirr.private-key-file=/user/tom/.ssh/id_rsa_whirr

7KHUH�DUH�DOVR�SURSHUWLHV�IRU�VSHFLI\LQJ�WKH�YHUVLRQ�RI�+DGRRS�WR�UXQ�RQ�WKH�FOXVWHU�DQG
IRU�VHWWLQJ�+DGRRS�FRQILJXUDWLRQ�SURSHUWLHV�DFURVV�WKH�FOXVWHU��GHWDLOV�DUH�LQ�WKH�UHFLSH
ILOH��

Running a proxy
7R�XVH� WKH�FOXVWHU��QHWZRUN�WUDIILF� IURP�WKH�FOLHQW�QHHGV� WR�EH�SUR[LHG�WKURXJK�WKH
PDVWHU�QRGH�RI�WKH�FOXVWHU�XVLQJ�DQ�66+�WXQQHO��ZKLFK�ZH�FDQ�VHW�XS�XVLQJ�WKH�IROORZLQJ
FRPPDQG�

% . ~/.whirr/hadoop/hadoop-proxy.sh

<RX�VKRXOG�NHHS�WKH�SUR[\�UXQQLQJ�DV�ORQJ�DV�WKH�FOXVWHU�LV�UXQQLQJ��:KHQ�\RX�KDYH
ILQLVKHG�ZLWK�WKH�FOXVWHU��VWRS�WKH�SUR[\�ZLWK�&WUO�&�
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Running a MapReduce job
<RX�FDQ�UXQ�0DS5HGXFH�MREV�HLWKHU�IURP�ZLWKLQ�WKH�FOXVWHU�RU�IURP�DQ�H[WHUQDO�PD�
FKLQH��+HUH�ZH�VKRZ�KRZ�WR�UXQ�D�MRE�IURP�WKH�PDFKLQH�ZH�ODXQFKHG�WKH�FOXVWHU�RQ�
1RWH�WKDW�WKH�+DGRRS�YHUVLRQ�WKDW�KDV�EHHQ�LQVWDOOHG�ORFDOO\�PXVW�EH�WKH�VDPH�DV�WKH
RQH�UXQQLQJ�RQ�WKH�FOXVWHU�

:KHQ�ZH� ODXQFKHG� WKH�FOXVWHU��+DGRRS�VLWH�FRQILJXUDWLRQ� ILOHV�ZHUH�FUHDWHG� LQ� WKH
GLUHFWRU\�a��ZKLUU�KDGRRS��:H�FDQ�XVH�WKLV� WR�FRQQHFW� WR�WKH�FOXVWHU�E\�VHWWLQJ�WKH�
HADOOP_CONF_DIR�HQYLURQPHQW�YDULDEOH�DV�IROORZV�

% export HADOOP_CONF_DIR=~/.whirr/hadoop

7KH�FOXVWHU¦V�ILOHV\VWHP�LV�HPSW\��VR�EHIRUH�ZH�UXQ�D�MRE��ZH�QHHG�WR�SRSXODWH�LW�ZLWK
GDWD��'RLQJ�D�SDUDOOHO�FRS\�IURP�6���VHH�£+DGRRS�)LOHV\VWHPV¤�RQ�SDJH����IRU�PRUH�RQ
WKH�6��ILOHV\VWHPV�LQ�+DGRRS��XVLQJ�+DGRRS¦V�GLVWFS�WRRO�LV�DQ�HIILFLHQW�ZD\�WR�WUDQVIHU
GDWD�LQWR�+')6�

% hadoop distcp \
  -Dfs.s3n.awsAccessKeyId='...' \
  -Dfs.s3n.awsSecretAccessKey='...' \
  s3n://hadoopbook/ncdc/all input/ncdc/all

7KH�SHUPLVVLRQV�RQ�WKH�ILOHV�LQ�WKH�KDGRRSERRN�6��EXFNHW�DOORZ�FRS\LQJ
RQO\� WR� WKH� 86� (DVW� (&�� UHJLRQ�� ZKLFK� PHDQV� \RX� VKRXOG� UXQ� WKH
GLVWFS�FRPPDQG�IURP�ZLWKLQ�WKDW�UHJLRQ��7KH�HDVLHVW�ZD\�WR�DFKLHYH�WKDW
LV�WR�ORJ�LQWR�WKH�PDVWHU�QRGH��LWV�DGGUHVV�LV�SULQWHG�WR�WKH�FRQVROH�GXULQJ
ODXQFK��ZLWK�

% ssh -i ~/.ssh/id_rsa_whirr master_host

$IWHU�WKH�GDWD�KDV�EHHQ�FRSLHG��ZH�FDQ�UXQ�D�MRE�LQ�WKH�XVXDO�ZD\�

% hadoop jar hadoop-examples.jar MaxTemperatureWithCombiner \
  /user/$USER/input/ncdc/all /user/$USER/output

$OWHUQDWLYHO\��ZH�FRXOG�KDYH�VSHFLILHG�WKH�RXWSXW�WR�EH�RQ�6���DV�IROORZV�

% hadoop jar hadoop-examples.jar MaxTemperatureWithCombiner \
  /user/$USER/input/ncdc/all s3n://mybucket/output

<RX�FDQ�WUDFN�WKH�SURJUHVV�RI�WKH�MRE�XVLQJ�WKH�MREWUDFNHU¦V�ZHE�8,��IRXQG�DW�KWWS���
PDVWHUBKRVW���������7R�DFFHVV�ZHE�SDJHV�UXQQLQJ�RQ�ZRUNHU�QRGHV��\RX�QHHG�WR�VHW�XS
D�SUR[\�DXWR�FRQILJ��3$&��ILOH�LQ�\RXU�EURZVHU��6HH�WKH�:KLUU�GRFXPHQWDWLRQ�IRU�GHWDLOV
RQ�KRZ�WR�GR�WKLV�
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Shutting down a cluster
7R�VKXW�GRZQ�WKH�FOXVWHU��LVVXH�WKH�destroy-cluster�FRPPDQG�

% bin/whirr destroy-cluster --config recipes/hadoop-ec2.properties

7KLV�ZLOO�WHUPLQDWH�DOO�WKH�UXQQLQJ�LQVWDQFHV�LQ�WKH�FOXVWHU�DQG�GHOHWH�DOO�WKH�GDWD�VWRUHG
LQ�WKH�FOXVWHU�
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CHAPTER 10

Administering Hadoop

7KH�SUHYLRXV�FKDSWHU�ZDV�GHYRWHG�WR�VHWWLQJ�XS�D�+DGRRS�FOXVWHU��,Q�WKLV�FKDSWHU��ZH
ORRN�DW�WKH�SURFHGXUHV�WR�NHHS�D�FOXVWHU�UXQQLQJ�VPRRWKO\�

HDFS

Persistent Data Structures
$V�DQ�DGPLQLVWUDWRU��LW�LV�LQYDOXDEOH�WR�KDYH�D�EDVLF�XQGHUVWDQGLQJ�RI�KRZ�WKH�FRPSR�
QHQWV� RI� +')6¢WKH� QDPHQRGH�� WKH� VHFRQGDU\� QDPHQRGH�� DQG� WKH� GDWDQRGHV¢
RUJDQL]H�WKHLU�SHUVLVWHQW�GDWD�RQ�GLVN��.QRZLQJ�ZKLFK�ILOHV�DUH�ZKLFK�FDQ�KHOS�\RX
GLDJQRVH�SUREOHPV�RU�VSRW�WKDW�VRPHWKLQJ�LV�DZU\�

Namenode directory structure
$�QHZO\�IRUPDWWHG�QDPHQRGH�FUHDWHV�WKH�IROORZLQJ�GLUHFWRU\�VWUXFWXUH�

${dfs.name.dir}/
Ŋņņ�current/
    Ōņņ�VERSION
    Ōņņ�edits
    Ōņņ�fsimage
    Ŋņņ�fstime
��������

5HFDOO�IURP�&KDSWHU���WKDW�WKH�dfs.name.dir�SURSHUW\�LV�D�OLVW�RI�GLUHFWRULHV��ZLWK�WKH
VDPH�FRQWHQWV�PLUURUHG�LQ�HDFK�GLUHFWRU\��7KLV�PHFKDQLVP�SURYLGHV�UHVLOLHQFH��SDUWLF�
XODUO\�LI�RQH�RI�WKH�GLUHFWRULHV�LV�DQ�1)6�PRXQW��DV�LV�UHFRPPHQGHG�

7KH�9(56,21�ILOH�LV�D�-DYD�SURSHUWLHV�ILOH�WKDW�FRQWDLQV�LQIRUPDWLRQ�DERXW�WKH�YHUVLRQ
RI�+')6�WKDW�LV�UXQQLQJ��+HUH�DUH�WKH�FRQWHQWV�RI�D�W\SLFDO�ILOH�

#Tue Mar 10 19:21:36 GMT 2009
namespaceID=134368441
cTime=0
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storageType=NAME_NODE
layoutVersion=-18

7KH�layoutVersion�LV�D�QHJDWLYH�LQWHJHU�WKDW�GHILQHV�WKH�YHUVLRQ�RI�+')6¦V�SHUVLVWHQW
GDWD�VWUXFWXUHV��7KLV�YHUVLRQ�QXPEHU�KDV�QR�UHODWLRQ�WR�WKH�UHOHDVH�QXPEHU�RI�WKH�+D�
GRRS�GLVWULEXWLRQ��:KHQHYHU�WKH�OD\RXW�FKDQJHV��WKH�YHUVLRQ�QXPEHU�LV�GHFUHPHQWHG
�IRU�H[DPSOH�� WKH�YHUVLRQ�DIWHU�Û��� LV�Û�����:KHQ�WKLV�KDSSHQV��+')6�QHHGV� WR�EH
XSJUDGHG��VLQFH�D�QHZHU�QDPHQRGH��RU�GDWDQRGH��ZLOO�QRW�RSHUDWH�LI�LWV�VWRUDJH�OD\RXW
LV�DQ�ROGHU�YHUVLRQ��8SJUDGLQJ�+')6�LV�FRYHUHG�LQ�£8SJUDGHV¤�RQ�SDJH�����

7KH�namespaceID� LV�D�XQLTXH�LGHQWLILHU�IRU�WKH�ILOHV\VWHP��ZKLFK�LV�FUHDWHG�ZKHQ�WKH
ILOHV\VWHP�LV�ILUVW�IRUPDWWHG��7KH�QDPHQRGH�XVHV�LW�WR�LGHQWLI\�QHZ�GDWDQRGHV��VLQFH
WKH\�ZLOO�QRW�NQRZ�WKH�namespaceID�XQWLO�WKH\�KDYH�UHJLVWHUHG�ZLWK�WKH�QDPHQRGH�

7KH�cTime�SURSHUW\�PDUNV�WKH�FUHDWLRQ�WLPH�RI�WKH�QDPHQRGH¦V�VWRUDJH��)RU�QHZO\�IRU�
PDWWHG�VWRUDJH��WKH�YDOXH�LV�DOZD\V�]HUR��EXW�LW�LV�XSGDWHG�WR�D�WLPHVWDPS�ZKHQHYHU�WKH
ILOHV\VWHP�LV�XSJUDGHG�

7KH�storageType� LQGLFDWHV� WKDW� WKLV� VWRUDJH�GLUHFWRU\� FRQWDLQV�GDWD� VWUXFWXUHV� IRU� D
QDPHQRGH�

7KH�RWKHU�ILOHV�LQ�WKH�QDPHQRGH¦V�VWRUDJH�GLUHFWRU\�DUH�HGLWV��IVLPDJH��DQG�IVWLPH��7KHVH
DUH�DOO�ELQDU\�ILOHV�WKDW�XVH�+DGRRS�Writable�REMHFWV�DV�WKHLU�VHULDOL]DWLRQ�IRUPDW��VHH
£6HULDOL]DWLRQ¤�RQ�SDJH������7R�XQGHUVWDQG�ZKDW�WKHVH�ILOHV�DUH�IRU��ZH�QHHG�WR�GLJ�LQWR
WKH�ZRUNLQJV�RI�WKH�QDPHQRGH�D�OLWWOH�PRUH�

The filesystem image and edit log
:KHQ�D�ILOHV\VWHP�FOLHQW�SHUIRUPV�D�ZULWH�RSHUDWLRQ��VXFK�DV�FUHDWLQJ�RU�PRYLQJ�D�ILOH��
LW�LV�ILUVW�UHFRUGHG�LQ�WKH�HGLW�ORJ��7KH�QDPHQRGH�DOVR�KDV�DQ�LQ�PHPRU\�UHSUHVHQWDWLRQ
RI�WKH�ILOHV\VWHP�PHWDGDWD��ZKLFK�LW�XSGDWHV�DIWHU�WKH�HGLW�ORJ�KDV�EHHQ�PRGLILHG��7KH
LQ�PHPRU\�PHWDGDWD�LV�XVHG�WR�VHUYH�UHDG�UHTXHVWV�

7KH�HGLW�ORJ�LV�IOXVKHG�DQG�V\QFHG�DIWHU�HYHU\�ZULWH�EHIRUH�D�VXFFHVV�FRGH�LV�UHWXUQHG�WR
WKH�FOLHQW��)RU�QDPHQRGHV�WKDW�ZULWH�WR�PXOWLSOH�GLUHFWRULHV��WKH�ZULWH�PXVW�EH�IOXVKHG
DQG�V\QFHG�WR�HYHU\�FRS\�EHIRUH�UHWXUQLQJ�VXFFHVVIXOO\��7KLV�HQVXUHV�WKDW�QR�RSHUDWLRQ
LV�ORVW�GXH�WR�PDFKLQH�IDLOXUH�

7KH�IVLPDJH�ILOH�LV�D�SHUVLVWHQW�FKHFNSRLQW�RI�WKH�ILOHV\VWHP�PHWDGDWD��+RZHYHU��LW�LV
QRW�XSGDWHG�IRU�HYHU\�ILOHV\VWHP�ZULWH�RSHUDWLRQ��EHFDXVH�ZULWLQJ�RXW�WKH�IVLPDJH�ILOH�
ZKLFK�FDQ�JURZ�WR�EH�JLJDE\WHV�LQ�VL]H��ZRXOG�EH�YHU\�VORZ��7KLV�GRHV�QRW�FRPSURPLVH
UHVLOLHQFH��KRZHYHU��EHFDXVH�LI�WKH�QDPHQRGH�IDLOV��WKHQ�WKH�ODWHVW�VWDWH�RI�LWV�PHWDGDWD
FDQ�EH�UHFRQVWUXFWHG�E\�ORDGLQJ�WKH�IVLPDJH�IURP�GLVN�LQWR�PHPRU\��DQG�WKHQ�DSSO\LQJ
HDFK�RI�WKH�RSHUDWLRQV�LQ�WKH�HGLW�ORJ��,Q�IDFW��WKLV�LV�SUHFLVHO\�ZKDW�WKH�QDPHQRGH�GRHV
ZKHQ�LW�VWDUWV�XS��VHH�£6DIH�0RGH¤�RQ�SDJH������
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7KH�IVLPDJH�ILOH�FRQWDLQV�D�VHULDOL]HG�IRUP�RI�DOO�WKH�GLUHFWRU\�DQG�ILOH
LQRGHV�LQ�WKH�ILOHV\VWHP��(DFK�LQRGH�LV�DQ�LQWHUQDO�UHSUHVHQWDWLRQ�RI�D
ILOH�RU�GLUHFWRU\¦V�PHWDGDWD�DQG�FRQWDLQV�VXFK�LQIRUPDWLRQ�DV�WKH�ILOH¦V
UHSOLFDWLRQ� OHYHO��PRGLILFDWLRQ� DQG� DFFHVV� WLPHV�� DFFHVV� SHUPLVVLRQV�
EORFN�VL]H��DQG�WKH�EORFNV�D�ILOH�LV�PDGH�XS�RI��)RU�GLUHFWRULHV��WKH�PRG�
LILFDWLRQ�WLPH��SHUPLVVLRQV��DQG�TXRWD�PHWDGDWD�LV�VWRUHG�

7KH�IVLPDJH�ILOH�GRHV�QRW�UHFRUG�WKH�GDWDQRGHV�RQ�ZKLFK�WKH�EORFNV�DUH
VWRUHG��,QVWHDG��WKH�QDPHQRGH�NHHSV�WKLV�PDSSLQJ�LQ�PHPRU\��ZKLFK�LW
FRQVWUXFWV�E\�DVNLQJ�WKH�GDWDQRGHV�IRU�WKHLU�EORFN�OLVWV�ZKHQ�WKH\�MRLQ
WKH�FOXVWHU�DQG�SHULRGLFDOO\�DIWHUZDUG�WR�HQVXUH�WKH�QDPHQRGH¦V�EORFN
PDSSLQJ�LV�XS�WR�GDWH�

$V�GHVFULEHG�� WKH�HGLWV� ILOH�ZRXOG�JURZ�ZLWKRXW�ERXQG��7KRXJK�WKLV�VWDWH�RI�DIIDLUV
ZRXOG�KDYH�QR�LPSDFW�RQ�WKH�V\VWHP�ZKLOH�WKH�QDPHQRGH�LV�UXQQLQJ��LI�WKH�QDPHQRGH
ZHUH�UHVWDUWHG��LW�ZRXOG�WDNH�D�ORQJ�WLPH�WR�DSSO\�HDFK�RI�WKH�RSHUDWLRQV�LQ�LWV��YHU\
ORQJ��HGLW� ORJ��'XULQJ� WKLV� WLPH�� WKH� ILOHV\VWHP�ZRXOG�EH�RIIOLQH��ZKLFK� LV�JHQHUDOO\
XQGHVLUDEOH�

7KH�VROXWLRQ�LV�WR�UXQ�WKH�VHFRQGDU\�QDPHQRGH��ZKRVH�SXUSRVH�LV�WR�SURGXFH�FKHFN�
SRLQWV�RI�WKH�SULPDU\¦V�LQ�PHPRU\�ILOHV\VWHP�PHWDGDWD���7KH�FKHFNSRLQWLQJ�SURFHVV
SURFHHGV�DV�IROORZV��DQG�LV�VKRZQ�VFKHPDWLFDOO\�LQ�)LJXUH�������

�� 7KH�VHFRQGDU\�DVNV�WKH�SULPDU\�WR�UROO�LWV�HGLWV�ILOH��VR�QHZ�HGLWV�JR�WR�D�QHZ�ILOH�

�� 7KH�VHFRQGDU\�UHWULHYHV�IVLPDJH�DQG�HGLWV�IURP�WKH�SULPDU\��XVLQJ�+773�*(7��

�� 7KH�VHFRQGDU\�ORDGV�IVLPDJH�LQWR�PHPRU\��DSSOLHV�HDFK�RSHUDWLRQ�IURP�HGLWV��WKHQ
FUHDWHV�D�QHZ�FRQVROLGDWHG�IVLPDJH�ILOH�

�� 7KH�VHFRQGDU\�VHQGV�WKH�QHZ�IVLPDJH�EDFN�WR�WKH�SULPDU\��XVLQJ�+773�3267��

�� 7KH�SULPDU\�UHSODFHV�WKH�ROG�IVLPDJH�ZLWK�WKH�QHZ�RQH�IURP�WKH�VHFRQGDU\�DQG�WKH
ROG�HGLWV�ILOH�ZLWK�WKH�QHZ�RQH�LW�VWDUWHG�LQ�VWHS����,W�DOVR�XSGDWHV�WKH�IVWLPH�ILOH�WR
UHFRUG�WKH�WLPH�WKDW�WKH�FKHFNSRLQW�ZDV�WDNHQ�

$W� WKH�HQG�RI� WKH�SURFHVV�� WKH�SULPDU\�KDV�DQ�XS�WR�GDWH� IVLPDJH� ILOH�DQG�D� VKRUWHU
HGLWV� ILOH� �LW� LV� QRW� QHFHVVDULO\� HPSW\�� DV� LW�PD\�KDYH� UHFHLYHG� VRPH� HGLWV�ZKLOH� WKH
FKHFNSRLQW�ZDV�EHLQJ�WDNHQ��� ,W� LV�SRVVLEOH� IRU�DQ�DGPLQLVWUDWRU� WR�UXQ�WKLV�SURFHVV
PDQXDOO\� ZKLOH� WKH� QDPHQRGH� LV� LQ� VDIH� PRGH�� XVLQJ� WKH� hadoop dfsadmin
-saveNamespace�FRPPDQG�

�� )URP�+DGRRS�YHUVLRQ��������RQZDUG�\RX�FDQ�VWDUW�D�QDPHQRGH�ZLWK�WKH�-checkpoint�RSWLRQ�VR�WKDW�LW
UXQV�WKH�FKHFNSRLQWLQJ�SURFHVV�DJDLQVW�DQRWKHU��SULPDU\��QDPHQRGH��7KLV�LV�IXQFWLRQDOO\�HTXLYDOHQW�WR
UXQQLQJ�D�VHFRQGDU\�QDPHQRGH��EXW�DW�WKH�WLPH�RI�WKLV�ZULWLQJ�RIIHUV�QR�DGYDQWDJHV�RYHU�WKH�VHFRQGDU\
QDPHQRGH��DQG�LQGHHG�WKH�VHFRQGDU\�QDPHQRGH�LV�WKH�PRVW�WULHG�DQG�WHVWHG�RSWLRQ���:KHQ�UXQQLQJ�LQ
D�KLJK�DYDLODELOLW\�HQYLURQPHQW��VHH�£+')6�+LJK�$YDLODELOLW\¤�RQ�SDJH������LW�ZLOO�EH�SRVVLEOH�IRU�WKH
VWDQGE\�QRGH�WR�GR�FKHFNSRLQWLQJ�
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7KLV�SURFHGXUH�PDNHV�LW�FOHDU�ZK\�WKH�VHFRQGDU\�KDV�VLPLODU�PHPRU\�UHTXLUHPHQWV�WR
WKH�SULPDU\��VLQFH�LW�ORDGV�WKH�IVLPDJH�LQWR�PHPRU\���ZKLFK�LV�WKH�UHDVRQ�WKDW�WKH�VHF�
RQGDU\�QHHGV�D�GHGLFDWHG�PDFKLQH�RQ�ODUJH�FOXVWHUV�

7KH�VFKHGXOH�IRU�FKHFNSRLQWLQJ�LV�FRQWUROOHG�E\�WZR�FRQILJXUDWLRQ�SDUDPHWHUV��7KH
VHFRQGDU\�QDPHQRGH� FKHFNSRLQWV� HYHU\�KRXU� �fs.checkpoint.period� LQ� VHFRQGV��RU
VRRQHU�LI�WKH�HGLW�ORJ�KDV�UHDFKHG����0%��fs.checkpoint.size�LQ�E\WHV���ZKLFK�LW�FKHFNV
HYHU\�ILYH�PLQXWHV�

Secondary namenode directory structure
$�XVHIXO�VLGH�HIIHFW�RI�WKH�FKHFNSRLQWLQJ�SURFHVV�LV�WKDW�WKH�VHFRQGDU\�KDV�D�FKHFNSRLQW
DW�WKH�HQG�RI�WKH�SURFHVV��ZKLFK�FDQ�EH�IRXQG�LQ�D�VXEGLUHFWRU\�FDOOHG�SUHYLRXV�FKHFN�
SRLQW��7KLV� FDQ�EH�XVHG� DV� D� VRXUFH� IRU�PDNLQJ� �VWDOH�� EDFNXSV� RI� WKH�QDPHQRGH¦V
PHWDGDWD�

)LJXUH�������7KH�FKHFNSRLQWLQJ�SURFHVV
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${fs.checkpoint.dir}/
Ōņņ�current/
Ň   Ōņņ�VERSION
Ň   Ōņņ�edits
Ň   Ōņņ�fsimage
Ň   Ŋņņ�fstime
Ŋņņ�previous.checkpoint/
    Ōņņ�VERSION
    Ōņņ�edits
    Ōņņ�fsimage
    Ŋņņ�fstime
��������

7KH�OD\RXW�RI�WKLV�GLUHFWRU\�DQG�RI�WKH�VHFRQGDU\¦V�FXUUHQW�GLUHFWRU\�LV�LGHQWLFDO�WR�WKH
QDPHQRGH¦V��7KLV�LV�E\�GHVLJQ��VLQFH�LQ�WKH�HYHQW�RI�WRWDO�QDPHQRGH�IDLOXUH��ZKHQ�WKHUH
DUH� QR� UHFRYHUDEOH� EDFNXSV�� HYHQ� IURP�1)6��� LW� DOORZV� UHFRYHU\� IURP� D� VHFRQGDU\
QDPHQRGH��7KLV�FDQ�EH�DFKLHYHG�HLWKHU�E\�FRS\LQJ�WKH�UHOHYDQW�VWRUDJH�GLUHFWRU\�WR�D
QHZ�QDPHQRGH�RU��LI�WKH�VHFRQGDU\�LV�WDNLQJ�RYHU�DV�WKH�QHZ�SULPDU\�QDPHQRGH��E\
XVLQJ� WKH� -importCheckpoint� RSWLRQ� ZKHQ� VWDUWLQJ� WKH� QDPHQRGH� GDHPRQ�� 7KH�
-importCheckpoint�RSWLRQ�ZLOO�ORDG�WKH�QDPHQRGH�PHWDGDWD�IURP�WKH�ODWHVW�FKHFNSRLQW
LQ� WKH�GLUHFWRU\�GHILQHG�E\� WKH�fs.checkpoint.dir� SURSHUW\�� EXW� RQO\� LI� WKHUH� LV� QR
PHWDGDWD�LQ�WKH�dfs.name.dir�GLUHFWRU\��WR�HQVXUH�WKDW�WKHUH�LV�QR�ULVN�RI�RYHUZULWLQJ
SUHFLRXV�PHWDGDWD�

Datanode directory structure
8QOLNH�QDPHQRGHV��GDWDQRGHV�GR�QRW�QHHG�WR�EH�H[SOLFLWO\� IRUPDWWHG��EHFDXVH�WKH\
FUHDWH� WKHLU� VWRUDJH�GLUHFWRULHV� DXWRPDWLFDOO\�RQ� VWDUWXS��+HUH�DUH� WKH�NH\� ILOHV� DQG
GLUHFWRULHV�

${dfs.data.dir}/
Ŋņņ�current/
    Ōņņ�VERSION
    Ōņņ�blk_<id_1>
    Ōņņ�blk_<id_1>.meta
    Ōņņ�blk_<id_2>
    Ōņņ�blk_<id_2>.meta
    Ōņņ�...
    Ōņņ�blk_<id_64>
    Ōņņ�blk_<id_64>.meta
    Ōņņ�subdir0/
    Ōņņ�subdir1/
    Ōņņ�...
    Ŋņņ�subdir63/
��������

$�GDWDQRGH¦V�9(56,21�ILOH�LV�YHU\�VLPLODU�WR�WKH�QDPHQRGH¦V�

#Tue Mar 10 21:32:31 GMT 2009
namespaceID=134368441
storageID=DS-547717739-172.16.85.1-50010-1236720751627
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cTime=0
storageType=DATA_NODE
layoutVersion=-18

7KH�namespaceID��cTime��DQG�layoutVersion�DUH�DOO�WKH�VDPH�DV�WKH�YDOXHV�LQ�WKH�QDPH�
QRGH��LQ�IDFW��WKH�namespaceID�LV�UHWULHYHG�IURP�WKH�QDPHQRGH�ZKHQ�WKH�GDWDQRGH�ILUVW
FRQQHFWV���7KH�storageID�LV�XQLTXH�WR�WKH�GDWDQRGH��LW�LV�WKH�VDPH�DFURVV�DOO�VWRUDJH
GLUHFWRULHV�� DQG� LV� XVHG� E\� WKH� QDPHQRGH� WR� XQLTXHO\� LGHQWLI\� WKH� GDWDQRGH�� 7KH�
storageType�LGHQWLILHV�WKLV�GLUHFWRU\�DV�D�GDWDQRGH�VWRUDJH�GLUHFWRU\�

7KH�RWKHU�ILOHV�LQ�WKH�GDWDQRGH¦V�FXUUHQW�VWRUDJH�GLUHFWRU\�DUH�WKH�ILOHV�ZLWK�WKH�EONB
SUHIL[��7KHUH�DUH�WZR�W\SHV��WKH�+')6�EORFNV�WKHPVHOYHV��ZKLFK�MXVW�FRQVLVW�RI�WKH�ILOH¦V
UDZ�E\WHV��DQG�WKH�PHWDGDWD�IRU�D�EORFN��ZLWK�D��PHWD�VXIIL[���$�EORFN�ILOH�MXVW�FRQVLVWV
RI�WKH�UDZ�E\WHV�RI�D�SRUWLRQ�RI�WKH�ILOH�EHLQJ�VWRUHG��WKH�PHWDGDWD�ILOH�LV�PDGH�XS�RI�D
KHDGHU�ZLWK�YHUVLRQ�DQG�W\SH�LQIRUPDWLRQ��IROORZHG�E\�D�VHULHV�RI�FKHFNVXPV�IRU�VHF�
WLRQV�RI�WKH�EORFN�

:KHQ�WKH�QXPEHU�RI�EORFNV�LQ�D�GLUHFWRU\�JURZV�WR�D�FHUWDLQ�VL]H��WKH�GDWDQRGH�FUHDWHV
D�QHZ�VXEGLUHFWRU\�LQ�ZKLFK�WR�SODFH�QHZ�EORFNV�DQG�WKHLU�DFFRPSDQ\LQJ�PHWDGDWD��,W
FUHDWHV�D�QHZ�VXEGLUHFWRU\�HYHU\�WLPH�WKH�QXPEHU�RI�EORFNV�LQ�D�GLUHFWRU\�UHDFKHV���
�VHW�E\�WKH�dfs.datanode.numblocks�FRQILJXUDWLRQ�SURSHUW\���7KH�HIIHFW�LV�WR�KDYH�D�WUHH
ZLWK�KLJK�IDQ�RXW��VR�HYHQ�IRU�V\VWHPV�ZLWK�D�YHU\�ODUJH�QXPEHU�RI�EORFNV��WKH�GLUHFWRULHV
ZLOO�EH�RQO\�D�IHZ�OHYHOV�GHHS��%\�WDNLQJ�WKLV�PHDVXUH��WKH�GDWDQRGH�HQVXUHV�WKDW�WKHUH
LV�D�PDQDJHDEOH�QXPEHU�RI�ILOHV�SHU�GLUHFWRU\��ZKLFK�DYRLGV�WKH�SUREOHPV�WKDW�PRVW
RSHUDWLQJ�V\VWHPV�HQFRXQWHU�ZKHQ�WKHUH�DUH�D�ODUJH�QXPEHU�RI�ILOHV��WHQV�RU�KXQGUHGV
RI�WKRXVDQGV��LQ�D�VLQJOH�GLUHFWRU\�

,I�WKH�FRQILJXUDWLRQ�SURSHUW\�dfs.data.dir�VSHFLILHV�PXOWLSOH�GLUHFWRULHV�RQ�GLIIHUHQW
GULYHV��EORFNV�DUH�ZULWWHQ�WR�HDFK�LQ�D�URXQG�URELQ�IDVKLRQ��1RWH�WKDW�EORFNV�DUH�QRW
UHSOLFDWHG�RQ�HDFK�GULYH�RQ�D�VLQJOH�GDWDQRGH��LQVWHDG��EORFN�UHSOLFDWLRQ�LV�DFURVV�GLV�
WLQFW�GDWDQRGHV�

Safe Mode
:KHQ�WKH�QDPHQRGH�VWDUWV��WKH�ILUVW�WKLQJ�LW�GRHV�LV�ORDG�LWV�LPDJH�ILOH��IVLPDJH��LQWR
PHPRU\�DQG�DSSO\�WKH�HGLWV�IURP�WKH�HGLW�ORJ��HGLWV���2QFH�LW�KDV�UHFRQVWUXFWHG�D�FRQ�
VLVWHQW� LQ�PHPRU\� LPDJH� RI� WKH� ILOHV\VWHP� PHWDGDWD�� LW� FUHDWHV� D� QHZ� IVLPDJH� ILOH
�HIIHFWLYHO\�GRLQJ�WKH�FKHFNSRLQW�LWVHOI��ZLWKRXW�UHFRXUVH�WR�WKH�VHFRQGDU\�QDPHQRGH�
DQG�DQ�HPSW\�HGLW�ORJ��2QO\�DW�WKLV�SRLQW�GRHV�WKH�QDPHQRGH�VWDUW�OLVWHQLQJ�IRU�53&
DQG�+773�UHTXHVWV��+RZHYHU��WKH�QDPHQRGH�LV�UXQQLQJ�LQ�VDIH�PRGH��ZKLFK�PHDQV
WKDW�LW�RIIHUV�RQO\�D�UHDG�RQO\�YLHZ�RI�WKH�ILOHV\VWHP�WR�FOLHQWV�

6WULFWO\�VSHDNLQJ��LQ�VDIH�PRGH��RQO\�ILOHV\VWHP�RSHUDWLRQV�WKDW�DFFHVV
WKH�ILOHV\VWHP�PHWDGDWD��VXFK�DV�SURGXFLQJ�D�GLUHFWRU\�OLVWLQJ��DUH�JXDU�
DQWHHG�WR�ZRUN��5HDGLQJ�D�ILOH�ZLOO�ZRUN�RQO\�ZKHQ�WKH�EORFNV�DUH�DYDLO�
DEOH�RQ�WKH�FXUUHQW�VHW�RI�GDWDQRGHV�LQ�WKH�FOXVWHU��DQG�ILOH�PRGLILFDWLRQV
�ZULWHV��GHOHWHV��RU�UHQDPHV��ZLOO�DOZD\V�IDLO�
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5HFDOO�WKDW�WKH�ORFDWLRQV�RI�EORFNV�LQ�WKH�V\VWHP�DUH�QRW�SHUVLVWHG�E\�WKH�QDPHQRGH�
WKLV� LQIRUPDWLRQ�UHVLGHV�ZLWK� WKH�GDWDQRGHV�� LQ� WKH� IRUP�RI�D� OLVW�RI� WKH�EORFNV� LW� LV
VWRULQJ��'XULQJ�QRUPDO�RSHUDWLRQ�RI� WKH�V\VWHP�� WKH�QDPHQRGH�KDV�D�PDS�RI�EORFN
ORFDWLRQV�VWRUHG�LQ�PHPRU\��6DIH�PRGH�LV�QHHGHG�WR�JLYH�WKH�GDWDQRGHV�WLPH�WR�FKHFN
LQ�WR�WKH�QDPHQRGH�ZLWK�WKHLU�EORFN�OLVWV��VR�WKH�QDPHQRGH�FDQ�EH�LQIRUPHG�RI�HQRXJK
EORFN�ORFDWLRQV�WR�UXQ�WKH�ILOHV\VWHP�HIIHFWLYHO\��,I�WKH�QDPHQRGH�GLGQ¦W�ZDLW�IRU�HQRXJK
GDWDQRGHV� WR�FKHFN� LQ�� WKHQ� LW�ZRXOG�VWDUW� WKH�SURFHVV�RI� UHSOLFDWLQJ�EORFNV� WR�QHZ
GDWDQRGHV��ZKLFK�ZRXOG�EH�XQQHFHVVDU\�LQ�PRVW�FDVHV��EHFDXVH�LW�RQO\�QHHGHG�WR�ZDLW
IRU�WKH�H[WUD�GDWDQRGHV�WR�FKHFN�LQ��DQG�ZRXOG�SXW�D�JUHDW�VWUDLQ�RQ�WKH�FOXVWHU¦V�UH�
VRXUFHV��,QGHHG��ZKLOH�LQ�VDIH�PRGH��WKH�QDPHQRGH�GRHV�QRW�LVVXH�DQ\�EORFN�UHSOLFDWLRQ
RU�GHOHWLRQ�LQVWUXFWLRQV�WR�GDWDQRGHV�

6DIH�PRGH�LV�H[LWHG�ZKHQ�WKH�PLQLPDO�UHSOLFDWLRQ�FRQGLWLRQ�LV�UHDFKHG��SOXV�DQ�H[WHQVLRQ
WLPH�RI����VHFRQGV��7KH�PLQLPDO�UHSOLFDWLRQ�FRQGLWLRQ�LV�ZKHQ�������RI�WKH�EORFNV�LQ
WKH�ZKROH�ILOHV\VWHP�PHHW�WKHLU�PLQLPXP�UHSOLFDWLRQ�OHYHO��ZKLFK�GHIDXOWV�WR�RQH�DQG
LV�VHW�E\�dfs.replication.min��VHH�7DEOH�������

:KHQ�\RX�DUH�VWDUWLQJ�D�QHZO\�IRUPDWWHG�+')6�FOXVWHU��WKH�QDPHQRGH�GRHV�QRW�JR�LQWR
VDIH�PRGH��VLQFH�WKHUH�DUH�QR�EORFNV�LQ�WKH�V\VWHP�

7DEOH�������6DIH�PRGH�SURSHUWLHV

Property name Type Default value Description

dfs.replication.min int 1 The minimum number of replicas that have to be writ-
ten for a write to be successful.

dfs.safemode.threshold.pct float 0.999 The proportion of blocks in the system that must
meet the minimum replication level defined by
dfs.replication.min before the namenode will
exit safe mode. Setting this value to 0 or less forces the
namenode not to start in safe mode. Setting this value
to more than 1 means the namenode never exits safe
mode.

dfs.safemode.extension int 30,000 The time, in milliseconds, to extend safe mode after
the minimum replication condition defined by 
dfs.safemode.threshold.pct has been satis-
fied. For small clusters (tens of nodes), it can be set
to 0.

Entering and leaving safe mode
7R�VHH�ZKHWKHU�WKH�QDPHQRGH�LV�LQ�VDIH�PRGH��\RX�FDQ�XVH�WKH�dfsadmin�FRPPDQG�

% hadoop dfsadmin -safemode get
Safe mode is ON

7KH�IURQW�SDJH�RI�WKH�+')6�ZHE�8,�SURYLGHV�DQRWKHU�LQGLFDWLRQ�RI�ZKHWKHU�WKH�QDPH�
QRGH�LV�LQ�VDIH�PRGH�
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6RPHWLPHV�\RX�ZDQW�WR�ZDLW�IRU�WKH�QDPHQRGH�WR�H[LW�VDIH�PRGH�EHIRUH�FDUU\LQJ�RXW�D
FRPPDQG��SDUWLFXODUO\�LQ�VFULSWV��7KH�wait�RSWLRQ�DFKLHYHV�WKLV�

hadoop dfsadmin -safemode wait
# command to read or write a file

$Q�DGPLQLVWUDWRU�KDV�WKH�DELOLW\�WR�PDNH�WKH�QDPHQRGH�HQWHU�RU�OHDYH�VDIH�PRGH�DW�DQ\
WLPH��,W�LV�VRPHWLPHV�QHFHVVDU\�WR�GR�WKLV�ZKHQ�FDUU\LQJ�RXW�PDLQWHQDQFH�RQ�WKH�FOXVWHU
RU�DIWHU�XSJUDGLQJ�D�FOXVWHU�WR�FRQILUP�WKDW�GDWD�LV�VWLOO�UHDGDEOH��7R�HQWHU�VDIH�PRGH�
XVH�WKH�IROORZLQJ�FRPPDQG�

% hadoop dfsadmin -safemode enter
Safe mode is ON

<RX�FDQ�XVH�WKLV�FRPPDQG�ZKHQ�WKH�QDPHQRGH�LV�VWLOO�LQ�VDIH�PRGH�ZKLOH�VWDUWLQJ�XS
WR�HQVXUH�WKDW�LW�QHYHU�OHDYHV�VDIH�PRGH��$QRWKHU�ZD\�RI�PDNLQJ�VXUH�WKDW�WKH�QDPHQRGH
VWD\V�LQ�VDIH�PRGH�LQGHILQLWHO\�LV�WR�VHW�WKH�SURSHUW\�dfs.safemode.threshold.pct�WR�D
YDOXH�RYHU�RQH�

<RX�FDQ�PDNH�WKH�QDPHQRGH�OHDYH�VDIH�PRGH�E\�XVLQJ�

% hadoop dfsadmin -safemode leave
Safe mode is OFF

Audit Logging
+')6�FDQ�ORJ�DOO�ILOHV\VWHP�DFFHVV�UHTXHVWV��D�IHDWXUH�WKDW�VRPH�RUJDQL]DWLRQV�UHTXLUH
IRU�DXGLWLQJ�SXUSRVHV��$XGLW�ORJJLQJ�LV�LPSOHPHQWHG�XVLQJ�ORJ�M�ORJJLQJ�DW�WKH�INFO
OHYHO��,Q�WKH�GHIDXOW�FRQILJXUDWLRQ�LW�LV�GLVDEOHG��DV�WKH�ORJ�WKUHVKROG�LV�VHW�WR�WARN�LQ
ORJ�M�SURSHUWLHV�

log4j.logger.org.apache.hadoop.hdfs.server.namenode.FSNamesystem.audit=WARN

<RX�FDQ�HQDEOH�DXGLW�ORJJLQJ�E\�UHSODFLQJ�WARN�ZLWK�INFO��DQG�WKH�UHVXOW�ZLOO�EH�D�ORJ
OLQH�ZULWWHQ�WR�WKH�QDPHQRGH¦V�ORJ�IRU�HYHU\�+')6�HYHQW��+HUH¦V�DQ�H[DPSOH�IRU�D�OLVW
VWDWXV�UHTXHVW�RQ��XVHU�WRP�

2009-03-13 07:11:22,982 INFO org.apache.hadoop.hdfs.server.namenode.FSNamesystem.
 audit: ugi=tom,staff,admin  ip=/127.0.0.1  cmd=listStatus  src=/user/tom  dst=null
 perm=null

,W�LV�D�JRRG�LGHD�WR�FRQILJXUH�ORJ�M�VR�WKDW�WKH�DXGLW�ORJ�LV�ZULWWHQ�WR�D�VHSDUDWH�ILOH�DQG
LVQ¦W�PL[HG�XS�ZLWK�WKH�QDPHQRGH¦V�RWKHU�ORJ�HQWULHV��$Q�H[DPSOH�RI�KRZ�WR�GR�WKLV
FDQ�EH�IRXQG�RQ�WKH�+DGRRS�ZLNL�DW�KWWS���ZLNL�DSDFKH�RUJ�KDGRRS�+RZ7R&RQILJXUH�
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Tools

dfsadmin
7KH�GIVDGPLQ� WRRO� LV�D�PXOWLSXUSRVH�WRRO� IRU� ILQGLQJ�LQIRUPDWLRQ�DERXW�WKH�VWDWH�RI
+')6��DV�ZHOO�DV�IRU�SHUIRUPLQJ�DGPLQLVWUDWLRQ�RSHUDWLRQV�RQ�+')6��,W�LV�LQYRNHG�DV
hadoop dfsadmin�DQG�UHTXLUHV�VXSHUXVHU�SULYLOHJHV�

6RPH�RI� WKH�DYDLODEOH� FRPPDQGV� WR�GIVDGPLQ� DUH�GHVFULEHG� LQ�7DEOH�������8VH� WKH
-help�FRPPDQG�WR�JHW�PRUH�LQIRUPDWLRQ�

7DEOH�������GIVDGPLQ�FRPPDQGV

Command Description

-help Shows help for a given command, or all commands if no command is specified.

-report Shows filesystem statistics (similar to those shown in the web UI) and information on connected
datanodes.

-metasave Dumps information to a file in Hadoop’s log directory about blocks that are being replicated or
deleted, as well as a list of connected datanodes.

-safemode Changes or queries the state of safe mode. See “Safe Mode” on page 344.

-saveNamespace Saves the current in-memory filesystem image to a new fsimage file and resets the edits file. This
operation may be performed only in safe mode.

-refreshNodes Updates the set of datanodes that are permitted to connect to the namenode. See “Commissioning
and Decommissioning Nodes” on page 359.

-upgradeProgress Gets information on the progress of an HDFS upgrade or forces an upgrade to proceed. See
“Upgrades” on page 362.

-finalizeUpgrade Removes the previous version of the namenode and datanode storage directories. Used after an
upgrade has been applied and the cluster is running successfully on the new version. See
“Upgrades” on page 362.

-setQuota Sets directory quotas. Directory quotas set a limit on the number of names (files or directories) in
the directory tree. Directory quotas are useful for preventing users from creating large numbers
of small files, a measure that helps preserve the namenode’s memory (recall that accounting
information for every file, directory, and block in the filesystem is stored in memory).

-clrQuota Clears specified directory quotas.

-setSpaceQuota Sets space quotas on directories. Space quotas set a limit on the size of files that may be stored in
a directory tree. They are useful for giving users a limited amount of storage.

-clrSpaceQuota Clears specified space quotas.

-refreshServiceAcl Refreshes the namenode’s service-level authorization policy file.

Filesystem check (fsck)
+DGRRS�SURYLGHV�DQ�IVFN�XWLOLW\�IRU�FKHFNLQJ�WKH�KHDOWK�RI�ILOHV�LQ�+')6��7KH�WRRO�ORRNV
IRU�EORFNV� WKDW�DUH�PLVVLQJ� IURP�DOO�GDWDQRGHV��DV�ZHOO�DV�XQGHU��RU�RYHU�UHSOLFDWHG
EORFNV��+HUH�LV�DQ�H[DPSOH�RI�FKHFNLQJ�WKH�ZKROH�ILOHV\VWHP�IRU�D�VPDOO�FOXVWHU�
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% hadoop fsck /
......................Status: HEALTHY
 Total size:    511799225 B
 Total dirs:    10
 Total files:    22
 Total blocks (validated):    22 (avg. block size 23263601 B)
 Minimally replicated blocks:    22 (100.0 %)
 Over-replicated blocks:    0 (0.0 %)
 Under-replicated blocks:    0 (0.0 %)
 Mis-replicated blocks:        0 (0.0 %)
 Default replication factor:    3
 Average block replication:    3.0
 Corrupt blocks:        0
 Missing replicas:        0 (0.0 %)
 Number of data-nodes:        4
 Number of racks:        1

The filesystem under path '/' is HEALTHY

IVFN�UHFXUVLYHO\�ZDONV�WKH�ILOHV\VWHP�QDPHVSDFH��VWDUWLQJ�DW�WKH�JLYHQ�SDWK��KHUH�WKH
ILOHV\VWHP�URRW���DQG�FKHFNV�WKH�ILOHV�LW�ILQGV��,W�SULQWV�D�GRW�IRU�HYHU\�ILOH�LW�FKHFNV��7R
FKHFN�D�ILOH��IVFN�UHWULHYHV�WKH�PHWDGDWD�IRU�WKH�ILOH¦V�EORFNV�DQG�ORRNV�IRU�SUREOHPV�RU
LQFRQVLVWHQFLHV��1RWH�WKDW�IVFN�UHWULHYHV�DOO�RI�LWV�LQIRUPDWLRQ�IURP�WKH�QDPHQRGH��LW
GRHV�QRW�FRPPXQLFDWH�ZLWK�DQ\�GDWDQRGHV�WR�DFWXDOO\�UHWULHYH�DQ\�EORFN�GDWD�

0RVW�RI�WKH�RXWSXW�IURP�IVFN�LV�VHOI�H[SODQDWRU\��EXW�KHUH�DUH�VRPH�RI�WKH�FRQGLWLRQV�LW
ORRNV�IRU�

2YHU�UHSOLFDWHG�EORFNV
7KHVH�DUH�EORFNV�WKDW�H[FHHG�WKHLU� WDUJHW�UHSOLFDWLRQ�IRU�WKH�ILOH� WKH\�EHORQJ�WR�
1RUPDOO\��RYHU�UHSOLFDWLRQ�LV�QRW�D�SUREOHP��DQG�+')6�ZLOO�DXWRPDWLFDOO\�GHOHWH
H[FHVV�UHSOLFDV�

8QGHU�UHSOLFDWHG�EORFNV
7KHVH�DUH�EORFNV�WKDW�GR�QRW�PHHW�WKHLU�WDUJHW�UHSOLFDWLRQ�IRU�WKH�ILOH�WKH\�EHORQJ
WR��+')6�ZLOO�DXWRPDWLFDOO\�FUHDWH�QHZ�UHSOLFDV�RI�XQGHU�UHSOLFDWHG�EORFNV�XQWLO
WKH\�PHHW�WKH�WDUJHW�UHSOLFDWLRQ��<RX�FDQ�JHW�LQIRUPDWLRQ�DERXW�WKH�EORFNV�EHLQJ
UHSOLFDWHG��RU�ZDLWLQJ�WR�EH�UHSOLFDWHG��XVLQJ�hadoop dfsadmin -metasave�

0LVUHSOLFDWHG�EORFNV
7KHVH�DUH�EORFNV�WKDW�GR�QRW�VDWLVI\�WKH�EORFN�UHSOLFD�SODFHPHQW�SROLF\��VHH�£5HSOLFD
3ODFHPHQW¤�RQ�SDJH������)RU�H[DPSOH��IRU�D�UHSOLFDWLRQ�OHYHO�RI�WKUHH�LQ�D�PXOWLUDFN
FOXVWHU��LI�DOO�WKUHH�UHSOLFDV�RI�D�EORFN�DUH�RQ�WKH�VDPH�UDFN��WKHQ�WKH�EORFN�LV�PLV�
UHSOLFDWHG� EHFDXVH� WKH� UHSOLFDV� VKRXOG� EH� VSUHDG� DFURVV� DW� OHDVW� WZR� UDFNV� IRU
UHVLOLHQFH��+')6�ZLOO�DXWRPDWLFDOO\�UH�UHSOLFDWH�PLVUHSOLFDWHG�EORFNV�VR�WKDW�WKH\
VDWLVI\�WKH�UDFN�SODFHPHQW�SROLF\�
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&RUUXSW�EORFNV
7KHVH�DUH�EORFNV�ZKRVH�UHSOLFDV�DUH�DOO�FRUUXSW��%ORFNV�ZLWK�DW�OHDVW�RQH�QRQFRUUXSW
UHSOLFD�DUH�QRW�UHSRUWHG�DV�FRUUXSW��WKH�QDPHQRGH�ZLOO�UHSOLFDWH�WKH�QRQFRUUXSW
UHSOLFD�XQWLO�WKH�WDUJHW�UHSOLFDWLRQ�LV�PHW�

0LVVLQJ�UHSOLFDV
7KHVH�DUH�EORFNV�ZLWK�QR�UHSOLFDV�DQ\ZKHUH�LQ�WKH�FOXVWHU�

&RUUXSW�RU�PLVVLQJ�EORFNV�DUH�WKH�ELJJHVW�FDXVH�IRU�FRQFHUQ��DV�LW�PHDQV�GDWD�KDV�EHHQ
ORVW��%\�GHIDXOW��IVFN�OHDYHV�ILOHV�ZLWK�FRUUXSW�RU�PLVVLQJ�EORFNV��EXW�\RX�FDQ�WHOO�LW�WR
SHUIRUP�RQH�RI�WKH�IROORZLQJ�DFWLRQV�RQ�WKHP�

� 0RYH�WKH�DIIHFWHG�ILOHV�WR�WKH��ORVW�IRXQG�GLUHFWRU\�LQ�+')6��XVLQJ�WKH�-move�RSWLRQ�
)LOHV�DUH�EURNHQ�LQWR�FKDLQV�RI�FRQWLJXRXV�EORFNV�WR�DLG�DQ\�VDOYDJLQJ�HIIRUWV�\RX
PD\�DWWHPSW�

� 'HOHWH�WKH�DIIHFWHG�ILOHV��XVLQJ�WKH�-delete�RSWLRQ��)LOHV�FDQQRW�EH�UHFRYHUHG�DIWHU
EHLQJ�GHOHWHG�

7KH�IVFN�WRRO�SURYLGHV�DQ�HDV\�ZD\�WR�ILQG�RXW�ZKLFK�EORFNV�DUH
LQ�DQ\�SDUWLFXODU�ILOH��)RU�H[DPSOH�

% hadoop fsck /user/tom/part-00007 -files -blocks -racks
/user/tom/part-00007 25582428 bytes, 1 block(s):  OK
0. blk_-3724870485760122836_1035 len=25582428 repl=3 [/default-rack/10.251.43.2:50010,
/default-rack/10.251.27.178:50010, /default-rack/10.251.123.163:50010]

7KLV�VD\V�WKDW�WKH�ILOH� �XVHU�WRP�SDUW������� LV�PDGH�XS�RI�RQH�EORFN�DQG�VKRZV�WKH
GDWDQRGHV�ZKHUH�WKH�EORFNV�DUH�ORFDWHG��7KH�IVFN�RSWLRQV�XVHG�DUH�DV�IROORZV�

� 7KH�-files�RSWLRQ�VKRZV�WKH�OLQH�ZLWK�WKH�ILOHQDPH��VL]H��QXPEHU�RI�EORFNV��DQG
LWV�KHDOWK��ZKHWKHU�WKHUH�DUH�DQ\�PLVVLQJ�EORFNV��

� 7KH�-blocks�RSWLRQ�VKRZV�LQIRUPDWLRQ�DERXW�HDFK�EORFN�LQ�WKH�ILOH��RQH�OLQH�SHU
EORFN�

� 7KH�-racks�RSWLRQ�GLVSOD\V�WKH�UDFN�ORFDWLRQ�DQG�WKH�GDWDQRGH�DGGUHVVHV�IRU�HDFK
EORFN�

5XQQLQJ�hadoop fsck�ZLWKRXW�DQ\�DUJXPHQWV�GLVSOD\V�IXOO�XVDJH�LQVWUXFWLRQV�

Datanode block scanner
(YHU\�GDWDQRGH�UXQV�D�EORFN�VFDQQHU��ZKLFK�SHULRGLFDOO\�YHULILHV�DOO�WKH�EORFNV�VWRUHG
RQ�WKH�GDWDQRGH��7KLV�DOORZV�EDG�EORFNV�WR�EH�GHWHFWHG�DQG�IL[HG�EHIRUH�WKH\�DUH�UHDG
E\�FOLHQWV��7KH�DataBlockScanner�PDLQWDLQV�D�OLVW�RI�EORFNV�WR�YHULI\�DQG�VFDQV�WKHP�RQH
E\�RQH�IRU�FKHFNVXP�HUURUV��7KH�VFDQQHU�HPSOR\V�D�WKURWWOLQJ�PHFKDQLVP�WR�SUHVHUYH
GLVN�EDQGZLGWK�RQ�WKH�GDWDQRGH�

%ORFNV�DUH�SHULRGLFDOO\�YHULILHG�HYHU\�WKUHH�ZHHNV�WR�JXDUG�DJDLQVW�GLVN�HUURUV�RYHU�WLPH
�WKLV�LV�FRQWUROOHG�E\�WKH�dfs.datanode.scan.period.hours�SURSHUW\��ZKLFK�GHIDXOWV�WR
����KRXUV���&RUUXSW�EORFNV�DUH�UHSRUWHG�WR�WKH�QDPHQRGH�WR�EH�IL[HG�

Finding the blocks for a file.
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<RX�FDQ�JHW�D�EORFN�YHULILFDWLRQ�UHSRUW�IRU�D�GDWDQRGH�E\�YLVLWLQJ�WKH�GDWDQRGH¦V�ZHE
LQWHUIDFH�DW�KWWS���GDWDQRGH�������EORFN6FDQQHU5HSRUW��+HUH¦V�DQ�H[DPSOH�RI�D�UHSRUW�
ZKLFK�VKRXOG�EH�VHOI�H[SODQDWRU\�

Total Blocks                 :  21131
Verified in last hour        :     70
Verified in last day         :   1767
Verified in last week        :   7360
Verified in last four weeks  :  20057
Verified in SCAN_PERIOD      :  20057
Not yet verified             :   1074
Verified since restart       :  35912
Scans since restart          :   6541
Scan errors since restart    :      0
Transient scan errors        :      0
Current scan rate limit KBps :   1024
Progress this period         :    109%
Time left in cur period      :  53.08%

%\� VSHFLI\LQJ� WKH� listblocks� SDUDPHWHU�� KWWS���GDWDQRGH�������EORFN6FDQQHU5HSRUW
"OLVWEORFNV��WKH�UHSRUW�LV�SUHFHGHG�E\�D�OLVW�RI�DOO�WKH�EORFNV�RQ�WKH�GDWDQRGH�DORQJ�ZLWK
WKHLU�ODWHVW�YHULILFDWLRQ�VWDWXV��+HUH�LV�D�VQLSSHW�RI�WKH�EORFN�OLVW��OLQHV�DUH�VSOLW�WR�ILW�WKH
SDJH��

blk_6035596358209321442    : status : ok     type : none   scan time : 0               
    not yet verified
blk_3065580480714947643    : status : ok     type : remote scan time : 1215755306400   
    2008-07-11 05:48:26,400
blk_8729669677359108508    : status : ok     type : local  scan time : 1215755727345   
    2008-07-11 05:55:27,345

7KH�ILUVW�FROXPQ�LV�WKH�EORFN�,'��IROORZHG�E\�VRPH�NH\�YDOXH�SDLUV��7KH�VWDWXV�FDQ�EH
RQH�RI�failed�RU�ok�DFFRUGLQJ�WR�ZKHWKHU�WKH�ODVW�VFDQ�RI�WKH�EORFN�GHWHFWHG�D�FKHFNVXP
HUURU��7KH�W\SH�RI�VFDQ�LV�local�LI�LW�ZDV�SHUIRUPHG�E\�WKH�EDFNJURXQG�WKUHDG��remote
LI�LW�ZDV�SHUIRUPHG�E\�D�FOLHQW�RU�D�UHPRWH�GDWDQRGH��RU�none�LI�D�VFDQ�RI�WKLV�EORFN�KDV
\HW�WR�EH�PDGH��7KH�ODVW�SLHFH�RI�LQIRUPDWLRQ�LV�WKH�VFDQ�WLPH��ZKLFK�LV�GLVSOD\HG�DV�WKH
QXPEHU�RI�PLOOLVHFRQGV�VLQFH�PLGQLJKW�RI�-DQXDU\����������DQG�DOVR�DV�D�PRUH�UHDGDEOH
YDOXH�

Balancer
2YHU�WLPH��WKH�GLVWULEXWLRQ�RI�EORFNV�DFURVV�GDWDQRGHV�FDQ�EHFRPH�XQEDODQFHG��$Q
XQEDODQFHG�FOXVWHU�FDQ�DIIHFW�ORFDOLW\�IRU�0DS5HGXFH��DQG�LW�SXWV�D�JUHDWHU�VWUDLQ�RQ
WKH�KLJKO\�XWLOL]HG�GDWDQRGHV��VR�LW¦V�EHVW�DYRLGHG�

7KH�EDODQFHU�SURJUDP�LV�D�+DGRRS�GDHPRQ�WKDW�UHGLVWULEXWHV�EORFNV�E\�PRYLQJ�WKHP
IURP�RYHUXWLOL]HG�GDWDQRGHV�WR�XQGHUXWLOL]HG�GDWDQRGHV��ZKLOH�DGKHULQJ�WR�WKH�EORFN
UHSOLFD�SODFHPHQW�SROLF\� WKDW�PDNHV�GDWD� ORVV�XQOLNHO\�E\�SODFLQJ�EORFN�UHSOLFDV�RQ
GLIIHUHQW�UDFNV��VHH�£5HSOLFD�3ODFHPHQW¤�RQ�SDJH������,W�PRYHV�EORFNV�XQWLO�WKH�FOXVWHU
LV�GHHPHG�WR�EH�EDODQFHG��ZKLFK�PHDQV�WKDW�WKH�XWLOL]DWLRQ�RI�HYHU\�GDWDQRGH��UDWLR�RI
XVHG�VSDFH�RQ�WKH�QRGH�WR�WRWDO�FDSDFLW\�RI�WKH�QRGH��GLIIHUV�IURP�WKH�XWLOL]DWLRQ�RI�WKH
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FOXVWHU��UDWLR�RI�XVHG�VSDFH�RQ�WKH�FOXVWHU�WR�WRWDO�FDSDFLW\�RI�WKH�FOXVWHU��E\�QR�PRUH
WKDQ�D�JLYHQ�WKUHVKROG�SHUFHQWDJH��<RX�FDQ�VWDUW�WKH�EDODQFHU�ZLWK�

% start-balancer.sh

7KH�-threshold�DUJXPHQW�VSHFLILHV�WKH�WKUHVKROG�SHUFHQWDJH�WKDW�GHILQHV�ZKDW�LW�PHDQV
IRU�WKH�FOXVWHU�WR�EH�EDODQFHG��7KH�IODJ�LV�RSWLRQDO��LQ�ZKLFK�FDVH�WKH�WKUHVKROG�LV�����
$W�DQ\�RQH�WLPH��RQO\�RQH�EDODQFHU�PD\�EH�UXQQLQJ�RQ�WKH�FOXVWHU�

7KH�EDODQFHU�UXQV�XQWLO�WKH�FOXVWHU�LV�EDODQFHG��LW�FDQQRW�PRYH�DQ\�PRUH�EORFNV��RU�LW
ORVHV�FRQWDFW�ZLWK�WKH�QDPHQRGH��,W�SURGXFHV�D�ORJILOH�LQ�WKH�VWDQGDUG�ORJ�GLUHFWRU\�
ZKHUH�LW�ZULWHV�D�OLQH�IRU�HYHU\�LWHUDWLRQ�RI�UHGLVWULEXWLRQ�WKDW�LW�FDUULHV�RXW��+HUH�LV�WKH
RXWSXW�IURP�D�VKRUW�UXQ�RQ�D�VPDOO�FOXVWHU�

Time Stamp      Iteration#  Bytes Already Moved  Bytes Left To Move  Bytes Being Moved
Mar 18, 2009 5:23:42 PM  0                 0 KB           219.21 MB          150.29 MB
Mar 18, 2009 5:27:14 PM  1            195.24 MB            22.45 MB          150.29 MB
The cluster is balanced. Exiting...
Balancing took 6.072933333333333 minutes

7KH�EDODQFHU�LV�GHVLJQHG�WR�UXQ�LQ�WKH�EDFNJURXQG�ZLWKRXW�XQGXO\�WD[LQJ�WKH�FOXVWHU
RU�LQWHUIHULQJ�ZLWK�RWKHU�FOLHQWV�XVLQJ�WKH�FOXVWHU��,W�OLPLWV�WKH�EDQGZLGWK�WKDW�LW�XVHV�WR
FRS\�D�EORFN�IURP�RQH�QRGH�WR�DQRWKHU��7KH�GHIDXOW�LV�D�PRGHVW���0%�V��EXW�WKLV�FDQ
EH�FKDQJHG�E\�VHWWLQJ�WKH�dfs.balance.bandwidthPerSec�SURSHUW\�LQ�KGIV�VLWH�[PO��VSHFL�
ILHG�LQ�E\WHV�

Monitoring
0RQLWRULQJ�LV�DQ�LPSRUWDQW�SDUW�RI�V\VWHP�DGPLQLVWUDWLRQ��,Q�WKLV�VHFWLRQ��ZH�ORRN�DW
WKH�PRQLWRULQJ�IDFLOLWLHV�LQ�+DGRRS�DQG�KRZ�WKH\�FDQ�KRRN�LQWR�H[WHUQDO�PRQLWRULQJ
V\VWHPV�

7KH�SXUSRVH�RI�PRQLWRULQJ�LV�WR�GHWHFW�ZKHQ�WKH�FOXVWHU�LV�QRW�SURYLGLQJ�WKH�H[SHFWHG
OHYHO�RI�VHUYLFH��7KH�PDVWHU�GDHPRQV�DUH�WKH�PRVW�LPSRUWDQW�WR�PRQLWRU��WKH�QDPHQRGHV
�SULPDU\�DQG�VHFRQGDU\��DQG�WKH�MREWUDFNHU��)DLOXUH�RI�GDWDQRGHV�DQG�WDVNWUDFNHUV�LV
WR�EH�H[SHFWHG��SDUWLFXODUO\�RQ�ODUJHU�FOXVWHUV��VR�\RX�VKRXOG�SURYLGH�H[WUD�FDSDFLW\�VR
WKDW�WKH�FOXVWHU�FDQ�WROHUDWH�KDYLQJ�D�VPDOO�SHUFHQWDJH�RI�GHDG�QRGHV�DW�DQ\�WLPH�

,Q�DGGLWLRQ�WR�WKH�IDFLOLWLHV�GHVFULEHG�QH[W��VRPH�DGPLQLVWUDWRUV�UXQ�WHVW�MREV�RQ�D�SH�
ULRGLF�EDVLV�DV�D�WHVW�RI�WKH�FOXVWHU¦V�KHDOWK�

7KRXJK�LW�LV�QRW�FRYHUHG�KHUH��WKHUH�LV�D�ORW�RI�ZRUN�JRLQJ�RQ�WR�DGG�PRUH�PRQLWRULQJ
FDSDELOLWLHV�WR�+DGRRS��)RU�H[DPSOH��&KXNZD��D�GDWD�FROOHFWLRQ�DQG�PRQLWRULQJ�V\VWHP
EXLOW�RQ�+')6�DQG�0DS5HGXFH��H[FHOV�DW�PLQLQJ�ORJ�GDWD�IRU�ILQGLQJ�ODUJH�VFDOH�WUHQGV�
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Logging
$OO�+DGRRS�GDHPRQV�SURGXFH�ORJILOHV�WKDW�FDQ�EH�YHU\�XVHIXO�IRU�ILQGLQJ�RXW�ZKDW�LV
KDSSHQLQJ�LQ�WKH�V\VWHP��£6\VWHP�ORJILOHV¤�RQ�SDJH�����H[SODLQV�KRZ�WR�FRQILJXUH�WKHVH
ILOHV�

Setting log levels
:KHQ�GHEXJJLQJ�D�SUREOHP��LW�LV�YHU\�FRQYHQLHQW�WR�EH�DEOH�WR�FKDQJH�WKH�ORJ�OHYHO
WHPSRUDULO\�IRU�D�SDUWLFXODU�FRPSRQHQW�LQ�WKH�V\VWHP�

+DGRRS�GDHPRQV�KDYH�D�ZHE�SDJH�IRU�FKDQJLQJ�WKH�ORJ�OHYHO�IRU�DQ\�ORJ�M�ORJ�QDPH�
ZKLFK�FDQ�EH�IRXQG�DW��ORJ/HYHO�LQ�WKH�GDHPRQ¦V�ZHE�8,��%\�FRQYHQWLRQ��ORJ�QDPHV�LQ
+DGRRS�FRUUHVSRQG�WR�WKH�FODVVQDPH�GRLQJ�WKH�ORJJLQJ��DOWKRXJK�WKHUH�DUH�H[FHSWLRQV
WR�WKLV�UXOH��VR�\RX�VKRXOG�FRQVXOW�WKH�VRXUFH�FRGH�WR�ILQG�ORJ�QDPHV�

)RU�H[DPSOH��WR�HQDEOH�GHEXJ�ORJJLQJ�IRU�WKH�JobTracker�FODVV��ZH�ZRXOG�YLVLW�WKH�MRE�
WUDFNHU¦V� ZHE� 8,� DW� KWWS���MREWUDFNHU�KRVW�������ORJ/HYHO� DQG� VHW� WKH� ORJ� QDPH�
org.apache.hadoop.mapred.JobTracker�WR�OHYHO�DEBUG�

7KH�VDPH�WKLQJ�FDQ�EH�DFKLHYHG�IURP�WKH�FRPPDQG�OLQH�DV�IROORZV�

% hadoop daemonlog -setlevel jobtracker-host:50030 \
  org.apache.hadoop.mapred.JobTracker DEBUG

/RJ�OHYHOV�FKDQJHG�LQ�WKLV�ZD\�DUH�UHVHW�ZKHQ�WKH�GDHPRQ�UHVWDUWV��ZKLFK�LV�XVXDOO\
ZKDW�\RX�ZDQW��+RZHYHU��WR�PDNH�D�SHUVLVWHQW�FKDQJH�WR�D�ORJ�OHYHO��VLPSO\�FKDQJH�WKH
ORJ�M�SURSHUWLHV�ILOH�LQ�WKH�FRQILJXUDWLRQ�GLUHFWRU\��,Q�WKLV�FDVH��WKH�OLQH�WR�DGG�LV�

log4j.logger.org.apache.hadoop.mapred.JobTracker=DEBUG

Getting stack traces
+DGRRS�GDHPRQV�H[SRVH�D�ZHE�SDJH���VWDFNV�LQ�WKH�ZHE�8,��WKDW�SURGXFHV�D�WKUHDG
GXPS�IRU�DOO�UXQQLQJ�WKUHDGV�LQ�WKH�GDHPRQ¦V�-90��)RU�H[DPSOH��\RX�FDQ�JHW�D�WKUHDG
GXPS�IRU�D�MREWUDFNHU�IURP�KWWS���MREWUDFNHU�KRVW�������VWDFNV�

Metrics
7KH�+')6�DQG�0DS5HGXFH�GDHPRQV�FROOHFW�LQIRUPDWLRQ�DERXW�HYHQWV�DQG�PHDVXUH�
PHQWV�WKDW�DUH�FROOHFWLYHO\�NQRZQ�DV�PHWULFV��)RU�H[DPSOH��GDWDQRGHV�FROOHFW�WKH�IRO�
ORZLQJ�PHWULFV��DQG�PDQ\�PRUH���WKH�QXPEHU�RI�E\WHV�ZULWWHQ��WKH�QXPEHU�RI�EORFNV
UHSOLFDWHG��DQG�WKH�QXPEHU�RI�UHDG�UHTXHVWV�IURP�FOLHQWV��ERWK�ORFDO�DQG�UHPRWH��

0HWULFV�EHORQJ�WR�D�FRQWH[W��DQG�+DGRRS�FXUUHQWO\�XVHV�£GIV¤��£PDSUHG¤��£USF¤��DQG
£MYP¤�FRQWH[WV��+DGRRS�GDHPRQV�XVXDOO\�FROOHFW�PHWULFV�XQGHU�VHYHUDO�FRQWH[WV��)RU
H[DPSOH��GDWDQRGHV�FROOHFW�PHWULFV�IRU�WKH�£GIV¤��£USF¤��DQG�£MYP¤�FRQWH[WV�
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How Do Metrics Differ from Counters?
7KH�PDLQ�GLIIHUHQFH�LV�WKHLU�VFRSH��PHWULFV�DUH�FROOHFWHG�E\�+DGRRS�GDHPRQV��ZKHUHDV
FRXQWHUV��VHH�£&RXQWHUV¤�RQ�SDJH������DUH�FROOHFWHG�IRU�0DS5HGXFH�WDVNV�DQG�DJJUH�
JDWHG�IRU�WKH�ZKROH�MRE��7KH\�KDYH�GLIIHUHQW�DXGLHQFHV��WRR��EURDGO\�VSHDNLQJ��PHWULFV
DUH�IRU�DGPLQLVWUDWRUV��DQG�FRXQWHUV�DUH�IRU�0DS5HGXFH�XVHUV�

7KH�ZD\�WKH\�DUH�FROOHFWHG�DQG�DJJUHJDWHG�LV�DOVR�GLIIHUHQW��&RXQWHUV�DUH�D�0DS5HGXFH
IHDWXUH��DQG�WKH�0DS5HGXFH�V\VWHP�HQVXUHV�WKDW�FRXQWHU�YDOXHV�DUH�SURSDJDWHG�IURP
WKH�WDVNWUDFNHUV�ZKHUH�WKH\�DUH�SURGXFHG��EDFN�WR�WKH�MREWUDFNHU��DQG�ILQDOO\�EDFN�WR
WKH�FOLHQW�UXQQLQJ�WKH�0DS5HGXFH�MRE���&RXQWHUV�DUH�SURSDJDWHG�YLD�53&�KHDUWEHDWV�
VHH�£3URJUHVV�DQG�VWDWXV�XSGDWHV¤�RQ�SDJH�������%RWK�WKH�WDVNWUDFNHUV�DQG�WKH� MRE�
WUDFNHU�SHUIRUP�DJJUHJDWLRQ�

7KH�FROOHFWLRQ�PHFKDQLVP�IRU�PHWULFV�LV�GHFRXSOHG�IURP�WKH�FRPSRQHQW�WKDW�UHFHLYHV
WKH�XSGDWHV��DQG�WKHUH�DUH�YDULRXV�SOXJJDEOH�RXWSXWV��LQFOXGLQJ�ORFDO�ILOHV��*DQJOLD��DQG
-0;��7KH�GDHPRQ�FROOHFWLQJ�WKH�PHWULFV�SHUIRUPV�DJJUHJDWLRQ�RQ�WKHP�EHIRUH�WKH\�DUH
VHQW�WR�WKH�RXWSXW�

$�FRQWH[W�GHILQHV�WKH�XQLW�RI�SXEOLFDWLRQ��\RX�FDQ�FKRRVH�WR�SXEOLVK�WKH�£GIV¤�FRQWH[W�
EXW�QRW� WKH�£MYP¤�FRQWH[W�� IRU� LQVWDQFH��0HWULFV�DUH�FRQILJXUHG� LQ� WKH�FRQI�KDGRRS�
PHWULFV�SURSHUWLHV�ILOH��DQG�E\�GHIDXOW��DOO�FRQWH[WV�DUH�FRQILJXUHG�VR�WKH\�GR�QRW�SXEOLVK
WKHLU� PHWULFV�� 7KLV� LV� WKH� FRQWHQWV� RI� WKH� GHIDXOW� FRQILJXUDWLRQ� ILOH� �PLQXV� WKH
FRPPHQWV��

dfs.class=org.apache.hadoop.metrics.spi.NullContext
mapred.class=org.apache.hadoop.metrics.spi.NullContext
jvm.class=org.apache.hadoop.metrics.spi.NullContext
rpc.class=org.apache.hadoop.metrics.spi.NullContext

(DFK�OLQH�LQ�WKLV�ILOH�FRQILJXUHV�D�GLIIHUHQW�FRQWH[W�DQG�VSHFLILHV�WKH�FODVV�WKDW�KDQGOHV
WKH�PHWULFV�IRU�WKDW�FRQWH[W��7KH�FODVV�PXVW�EH�DQ�LPSOHPHQWDWLRQ�RI�WKH�MetricsCon
text�LQWHUIDFH��DQG��DV�WKH�QDPH�VXJJHVWV��WKH�NullContext�FODVV�QHLWKHU�SXEOLVKHV�QRU
XSGDWHV�PHWULFV��

7KH�RWKHU�LPSOHPHQWDWLRQV�RI�MetricsContext�DUH�FRYHUHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

<RX�FDQ�YLHZ�UDZ�PHWULFV�JDWKHUHG�E\�D�SDUWLFXODU�+DGRRS�GDHPRQ�E\�FRQQHFWLQJ�WR
LWV� �PHWULFV�ZHE�SDJH��7KLV�LV�KDQG\�IRU�GHEXJJLQJ��)RU�H[DPSOH��\RX�FDQ�YLHZ�MRE�
WUDFNHU�PHWULFV�LQ�SODLQ�WH[W�DW�KWWS���MREWUDFNHU�KRVW�������PHWULFV��7R�UHWULHYH�PHWULFV
LQ�-621�IRUPDW��\RX�ZRXOG�XVH�KWWS���MREWUDFNHU�KRVW�������PHWULFV"IRUPDW MVRQ�

FileContext
FileContext�ZULWHV�PHWULFV� WR� D� ORFDO� ILOH�� ,W� H[SRVHV� WZR� FRQILJXUDWLRQ�SURSHUWLHV��
fileName��ZKLFK�VSHFLILHV�WKH�DEVROXWH�QDPH�RI�WKH�ILOH�WR�ZULWH�WR��DQG�period��IRU�WKH

�� 7KH�WHUP�£FRQWH[W¤�LV��SHUKDSV�XQIRUWXQDWHO\��RYHUORDGHG�KHUH��VLQFH�LW�FDQ�UHIHU�WR�HLWKHU�D�FROOHFWLRQ�RI
PHWULFV��WKH�£GIV¤�FRQWH[W��IRU�H[DPSOH��RU�WKH�FODVV�WKDW�SXEOLVKHV�PHWULFV��WKH�NullContext��IRU�H[DPSOH��
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WLPH�LQWHUYDO��LQ�VHFRQGV��EHWZHHQ�ILOH�XSGDWHV��%RWK�SURSHUWLHV�DUH�RSWLRQDO��LI�QRW�VHW�
WKH�PHWULFV�ZLOO�EH�ZULWWHQ�WR�VWDQGDUG�RXWSXW�HYHU\�ILYH�VHFRQGV�

&RQILJXUDWLRQ�SURSHUWLHV�DSSO\�WR�D�FRQWH[W�QDPH�DQG�DUH�VSHFLILHG�E\�DSSHQGLQJ�WKH
SURSHUW\�QDPH�WR�WKH�FRQWH[W�QDPH��VHSDUDWHG�E\�D�GRW���)RU�H[DPSOH��WR�GXPS�WKH
£MYP¤�FRQWH[W�WR�D�ILOH��ZH�DOWHU�LWV�FRQILJXUDWLRQ�WR�EH�WKH�IROORZLQJ�

jvm.class=org.apache.hadoop.metrics.file.FileContext
jvm.fileName=/tmp/jvm_metrics.log

,Q�WKH�ILUVW�OLQH��ZH�KDYH�FKDQJHG�WKH�£MYP¤�FRQWH[W�WR�XVH�D�FileContext��DQG�LQ�WKH
VHFRQG��ZH�KDYH�VHW�WKH�£MYP¤�FRQWH[W¦V�fileName�SURSHUW\�WR�EH�D�WHPSRUDU\�ILOH��+HUH
DUH�WZR�OLQHV�RI�RXWSXW�IURP�WKH�ORJILOH��VSOLW�RYHU�VHYHUDO�OLQHV�WR�ILW�WKH�SDJH�

jvm.metrics: hostName=ip-10-250-59-159, processName=NameNode, sessionId=, ඝ
gcCount=46, gcTimeMillis=394, logError=0, logFatal=0, logInfo=59, logWarn=1, ඝ
memHeapCommittedM=4.9375, memHeapUsedM=2.5322647, memNonHeapCommittedM=18.25, ඝ
memNonHeapUsedM=11.330269, threadsBlocked=0, threadsNew=0, threadsRunnable=6, ඝ
threadsTerminated=0, threadsTimedWaiting=8, threadsWaiting=13
jvm.metrics: hostName=ip-10-250-59-159, processName=SecondaryNameNode, sessionId=, ඝ
gcCount=36, gcTimeMillis=261, logError=0, logFatal=0, logInfo=18, logWarn=4, ඝ
memHeapCommittedM=5.4414062, memHeapUsedM=4.46756, memNonHeapCommittedM=18.25, ඝ
memNonHeapUsedM=10.624519, threadsBlocked=0, threadsNew=0, threadsRunnable=5, ඝ
threadsTerminated=0, threadsTimedWaiting=4, threadsWaiting=2

FileContext�FDQ�EH�XVHIXO�RQ�D�ORFDO�V\VWHP�IRU�GHEXJJLQJ�SXUSRVHV��EXW�LV�XQVXLWDEOH
RQ�D�ODUJHU�FOXVWHU�EHFDXVH�WKH�RXWSXW�ILOHV�DUH�VSUHDG�DFURVV�WKH�FOXVWHU��ZKLFK�PDNHV
DQDO\]LQJ�WKHP�GLIILFXOW�

GangliaContext
*DQJOLD��KWWS���JDQJOLD�LQIR���LV�DQ�RSHQ�VRXUFH�GLVWULEXWHG�PRQLWRULQJ�V\VWHP�IRU�YHU\
ODUJH�FOXVWHUV��,W�LV�GHVLJQHG�WR�LPSRVH�YHU\�ORZ�UHVRXUFH�RYHUKHDGV�RQ�HDFK�QRGH�LQ�WKH
FOXVWHU��*DQJOLD�LWVHOI�FROOHFWV�PHWULFV��VXFK�DV�&38�DQG�PHPRU\�XVDJH��DQG�E\�XVLQJ
GangliaContext��\RX�FDQ�LQMHFW�+DGRRS�PHWULFV�LQWR�*DQJOLD�

GangliaContext� KDV� RQH� UHTXLUHG� SURSHUW\�� servers�� ZKLFK� WDNHV� D� VSDFH�� DQG�RU
FRPPD�VHSDUDWHG�OLVW�RI�*DQJOLD�VHUYHU�KRVW�SRUW�SDLUV��)XUWKHU�GHWDLOV�RQ�FRQILJXULQJ
WKLV�FRQWH[W�FDQ�EH�IRXQG�RQ�WKH�+DGRRS�ZLNL�

)RU�D�IODYRU�RI�WKH�NLQG�RI�LQIRUPDWLRQ�\RX�FDQ�JHW�RXW�RI�*DQJOLD��VHH�)LJXUH������
ZKLFK�VKRZV�KRZ�WKH�QXPEHU�RI�WDVNV�LQ�WKH�MREWUDFNHU¦V�TXHXH�YDULHV�RYHU�WLPH�

NullContextWithUpdateThread
%RWK�FileContext�DQG�D�GangliaContext�SXVK�PHWULFV�WR�DQ�H[WHUQDO�V\VWHP��+RZHYHU�
VRPH�PRQLWRULQJ�V\VWHPV¢QRWDEO\�-0;¢QHHG�WR�SXOO�PHWULFV� IURP�+DGRRS��Null
ContextWithUpdateThread�LV�GHVLJQHG�IRU�WKLV��/LNH�NullContext��LW�GRHVQ¦W�SXEOLVK�DQ\
PHWULFV��EXW�LQ�DGGLWLRQ�LW�UXQV�D�WLPHU�WKDW�SHULRGLFDOO\�XSGDWHV�WKH�PHWULFV�VWRUHG�LQ
PHPRU\��7KLV�HQVXUHV�WKDW�WKH�PHWULFV�DUH�XS�WR�GDWH�ZKHQ�WKH\�DUH�IHWFKHG�E\�DQRWKHU
V\VWHP�
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$OO� LPSOHPHQWDWLRQV� RI� MetricsContext�� H[FHSW� NullContext�� SHUIRUP� WKLV� XSGDWLQJ
IXQFWLRQ��DQG�WKH\�DOO�H[SRVH�D�period�SURSHUW\�WKDW�GHIDXOWV�WR�ILYH�VHFRQGV���VR�\RX
QHHG�WR�XVH�NullContextWithUpdateThread�RQO\�LI�\RX�DUH�QRW�FROOHFWLQJ�PHWULFV�XVLQJ
DQRWKHU�RXWSXW��,I�\RX�ZHUH�XVLQJ�GangliaContext��IRU�H[DPSOH��WKHQ�LW�ZRXOG�HQVXUH
WKH�PHWULFV�DUH�XSGDWHG��VR�\RX�ZRXOG�EH�DEOH�WR�XVH�-0;�LQ�DGGLWLRQ�ZLWK�QR�IXUWKHU
FRQILJXUDWLRQ�RI�WKH�PHWULFV�V\VWHP��-0;�LV�GLVFXVVHG�LQ�PRUH�GHWDLO�VKRUWO\�

CompositeContext
CompositeContext�DOORZV�\RX�WR�RXWSXW�WKH�VDPH�VHW�RI�PHWULFV�WR�PXOWLSOH�FRQWH[WV�
VXFK�DV�D�FileContext�DQG�D�GangliaContext��7KH�FRQILJXUDWLRQ�LV�VOLJKWO\�WULFN\�DQG�LV
EHVW�VKRZQ�E\�DQ�H[DPSOH�

jvm.class=org.apache.hadoop.metrics.spi.CompositeContext
jvm.arity=2
jvm.sub1.class=org.apache.hadoop.metrics.file.FileContext
jvm.fileName=/tmp/jvm_metrics.log
jvm.sub2.class=org.apache.hadoop.metrics.ganglia.GangliaContext
jvm.servers=ip-10-250-59-159.ec2.internal:8649

7KH�arity�SURSHUW\�LV�XVHG�WR�VSHFLI\�WKH�QXPEHU�RI�VXEFRQWH[WV��LQ�WKLV�FDVH��WKHUH�DUH
WZR��7KH�SURSHUW\�QDPHV�IRU�HDFK�VXEFRQWH[W�DUH�PRGLILHG�WR�KDYH�D�SDUW�VSHFLI\LQJ
WKH�VXEFRQWH[W�QXPEHU��KHQFH�jvm.sub1.class�DQG�jvm.sub2.class�

Java Management Extensions
-DYD�0DQDJHPHQW�([WHQVLRQV��-0;��LV�D�VWDQGDUG�-DYD�$3,�IRU�PRQLWRULQJ�DQG�PDQ�
DJLQJ�DSSOLFDWLRQV��+DGRRS�LQFOXGHV�VHYHUDO�PDQDJHG�EHDQV��0%HDQV���ZKLFK�H[SRVH
+DGRRS�PHWULFV�WR�-0;�DZDUH�DSSOLFDWLRQV��7KHUH�DUH�0%HDQV�WKDW�H[SRVH�WKH�PHWULFV
LQ�WKH�£GIV¤�DQG�£USF¤�FRQWH[WV��EXW�QRQH�IRU�WKH�£PDSUHG¤�FRQWH[W��DW�WKH�WLPH�RI�WKLV
ZULWLQJ��RU�WKH�£MYP¤�FRQWH[W��DV�WKH�-90�LWVHOI�H[SRVHV�D�ULFKHU�VHW�RI�-90�PHWULFV��
7KHVH�0%HDQV�DUH�OLVWHG�LQ�7DEOH������

)LJXUH�������*DQJOLD�SORW�RI�WKH�QXPEHU�RI�WDVNV�LQ�WKH�MREWUDFNHU�TXHXH
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7DEOH�������+DGRRS�0%HDQV

MBean class Daemons Metrics

NameNodeActivityMBean Namenode Namenode activity metrics, such as the
number of create file operations

FSNamesystemMBean Namenode Namenode status metrics, such as the
number of connected datanodes

DataNodeActivityMBean Datanode Datanode activity metrics, such as the
number of bytes read

FSDatasetMBean Datanode Datanode storage metrics, such as
capacity and free storage space

RpcActivityMBean All daemons that use RPC:
namenode, datanode,
jobtracker, and tasktracker

RPC statistics, such as average process-
ing time

7KH�-'.�FRPHV�ZLWK�D�WRRO�FDOOHG�-&RQVROH�IRU�YLHZLQJ�0%HDQV�LQ�D�UXQQLQJ�-90��,W¦V
XVHIXO�IRU�EURZVLQJ�+DGRRS�PHWULFV��DV�GHPRQVWUDWHG�LQ�)LJXUH������

)LJXUH�������-&RQVROH�YLHZ�RI�D�ORFDOO\�UXQQLQJ�QDPHQRGH��VKRZLQJ�PHWULFV�IRU�WKH�ILOHV\VWHP�VWDWH

$OWKRXJK�\RX�FDQ�VHH�+DGRRS�PHWULFV�YLD�-0;�XVLQJ�WKH�GHIDXOW�PHWULFV
FRQILJXUDWLRQ�� WKH\� ZLOO� QRW� EH� XSGDWHG� XQOHVV� \RX� FKDQJH� WKH�
MetricsContext�LPSOHPHQWDWLRQ�WR�VRPHWKLQJ�RWKHU�WKDQ�NullContext�
)RU�H[DPSOH��NullContextWithUpdateThread�LV�DSSURSULDWH�LI�-0;�LV�WKH
RQO\�ZD\�\RX�ZLOO�EH�PRQLWRULQJ�PHWULFV�
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0DQ\�WKLUG�SDUW\�PRQLWRULQJ�DQG�DOHUWLQJ�V\VWHPV��VXFK�DV�1DJLRV�RU�+\SHULF��FDQ
TXHU\�0%HDQV��PDNLQJ�-0;�WKH�QDWXUDO�ZD\�WR�PRQLWRU�\RXU�+DGRRS�FOXVWHU�IURP�DQ
H[LVWLQJ�PRQLWRULQJ�V\VWHP��<RX�ZLOO�QHHG�WR�HQDEOH�UHPRWH�DFFHVV�WR�-0;��KRZHYHU�
DQG�FKRRVH�D�OHYHO�RI�VHFXULW\�WKDW�LV�DSSURSULDWH�IRU�\RXU�FOXVWHU��7KH�RSWLRQV�KHUH
LQFOXGH�SDVVZRUG�DXWKHQWLFDWLRQ��66/�FRQQHFWLRQV��DQG�66/�FOLHQW�DXWKHQWLFDWLRQ��6HH
WKH�RIILFLDO�-DYD�GRFXPHQWDWLRQ��IRU�DQ�LQ�GHSWK�JXLGH�RQ�FRQILJXULQJ�WKHVH�RSWLRQV�

$OO�WKH�RSWLRQV�IRU�HQDEOLQJ�UHPRWH�DFFHVV�WR�-0;�LQYROYH�VHWWLQJ�-DYD�V\VWHP�SURSHU�
WLHV��ZKLFK�ZH�GR�IRU�+DGRRS�E\�HGLWLQJ�WKH�FRQI�KDGRRS�HQY�VK� ILOH��7KH�IROORZLQJ
FRQILJXUDWLRQ�VHWWLQJV�VKRZ�KRZ�WR�HQDEOH�SDVVZRUG�DXWKHQWLFDWHG�UHPRWH�DFFHVV�WR
-0;�RQ�WKH�QDPHQRGH��ZLWK�66/�GLVDEOHG���7KH�SURFHVV�LV�YHU\�VLPLODU�IRU�RWKHU�+DGRRS
GDHPRQV�

export HADOOP_NAMENODE_OPTS="-Dcom.sun.management.jmxremote
 -Dcom.sun.management.jmxremote.ssl=false
 -Dcom.sun.management.jmxremote.password.file=$HADOOP_CONF_DIR/jmxremote.password
 -Dcom.sun.management.jmxremote.port=8004 $HADOOP_NAMENODE_OPTS"

7KH�MP[UHPRWH�SDVVZRUG�ILOH�OLVWV�WKH�XVHUQDPHV�DQG�WKHLU�SDVVZRUGV�LQ�SODLQ�WH[W��WKH
-0;�GRFXPHQWDWLRQ�KDV�IXUWKHU�GHWDLOV�RQ�WKH�IRUPDW�RI�WKLV�ILOH�

:LWK�WKLV�FRQILJXUDWLRQ��ZH�FDQ�XVH�-&RQVROH�WR�EURZVH�0%HDQV�RQ�D�UHPRWH�QDPH�
QRGH��$OWHUQDWLYHO\��ZH�FDQ�XVH�RQH�RI�WKH�PDQ\�-0;�WRROV�WR�UHWULHYH�0%HDQ�DWWULEXWH
YDOXHV��+HUH�LV�DQ�H[DPSOH�RI�XVLQJ�WKH�£MP[TXHU\¤�FRPPDQG�OLQH�WRRO��DQG�1DJLRV
SOXJ�LQ��DYDLODEOH�IURP�KWWS���FRGH�JRRJOH�FRP�S�MP[TXHU\���WR�UHWULHYH�WKH�QXPEHU�RI
XQGHU�UHSOLFDWHG�EORFNV�

% ./check_jmx -U service:jmx:rmi:///jndi/rmi://namenode-host:8004/jmxrmi -O \
hadoop:service=NameNode,name=FSNamesystemState -A UnderReplicatedBlocks \
-w 100 -c 1000 -username monitorRole -password secret
JMX OK - UnderReplicatedBlocks is 0

7KLV�FRPPDQG�HVWDEOLVKHV�D�-0;�50,�FRQQHFWLRQ�WR�WKH�KRVW�QDPHQRGH�KRVW�RQ�SRUW
�����DQG�DXWKHQWLFDWHV�XVLQJ�WKH�JLYHQ�XVHUQDPH�DQG�SDVVZRUG��,W�UHDGV�WKH�DWWULEXWH�
UnderReplicatedBlocks�RI�WKH�REMHFW�QDPHG�hadoop:service=NameNode,name=FSNamesys
temState�DQG�SULQWV�RXW�LWV�YDOXH�RQ�WKH�FRQVROH��7KH�-w�DQG�-c�RSWLRQV�VSHFLI\�ZDUQLQJ
DQG�FULWLFDO�OHYHOV�IRU�WKH�YDOXH��7KH�DSSURSULDWH�YDOXHV�IRU�WKHVH�DUH�QRUPDOO\�GHWHU�
PLQHG�DIWHU�RSHUDWLQJ�D�FOXVWHU�IRU�D�ZKLOH�

,W¦V�FRPPRQ�WR�XVH�*DQJOLD�LQ�FRQMXQFWLRQ�ZLWK�DQ�DOHUWLQJ�V\VWHP�VXFK�DV�1DJLRV�IRU
PRQLWRULQJ�D�+DGRRS�FOXVWHU��*DQJOLD�LV�JRRG�IRU�HIILFLHQWO\�FROOHFWLQJ�D�ODUJH�QXPEHU
RI�PHWULFV�DQG�JUDSKLQJ�WKHP��ZKHUHDV�1DJLRV�DQG�VLPLODU�V\VWHPV�DUH�JRRG�DW�VHQGLQJ
DOHUWV�ZKHQ�D�FULWLFDO�WKUHVKROG�LV�UHDFKHG�LQ�DQ\�RI�D�VPDOOHU�VHW�RI�PHWULFV�

�� KWWS���MDYD�VXQ�FRP�MDYDVH���GRFV�WHFKQRWHV�JXLGHV�PDQDJHPHQW�DJHQW�KWPO
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Maintenance

Routine Administration Procedures

Metadata backups
,I�WKH�QDPHQRGH¦V�SHUVLVWHQW�PHWDGDWD�LV�ORVW�RU�GDPDJHG��WKH�HQWLUH�ILOHV\VWHP�LV�UHQ�
GHUHG�XQXVDEOH��VR�LW�LV�FULWLFDO�WKDW�EDFNXSV�DUH�PDGH�RI�WKHVH�ILOHV��<RX�VKRXOG�NHHS
PXOWLSOH�FRSLHV�RI�GLIIHUHQW�DJHV��RQH�KRXU��RQH�GD\��RQH�ZHHN��DQG�RQH�PRQWK��VD\��WR
SURWHFW�DJDLQVW�FRUUXSWLRQ��HLWKHU�LQ�WKH�FRSLHV�WKHPVHOYHV�RU�LQ�WKH�OLYH�ILOHV�UXQQLQJ
RQ�WKH�QDPHQRGH�

$�VWUDLJKWIRUZDUG�ZD\�WR�PDNH�EDFNXSV�LV�WR�ZULWH�D�VFULSW�WR�SHULRGLFDOO\�DUFKLYH�WKH
VHFRQGDU\�QDPHQRGH¦V�SUHYLRXV�FKHFNSRLQW�VXEGLUHFWRU\��XQGHU�WKH�GLUHFWRU\�GHILQHG
E\�WKH�fs.checkpoint.dir�SURSHUW\��WR�DQ�RIIVLWH�ORFDWLRQ��7KH�VFULSW�VKRXOG�DGGLWLRQDOO\
WHVW�WKH�LQWHJULW\�RI�WKH�FRS\��7KLV�FDQ�EH�GRQH�E\�VWDUWLQJ�D�ORFDO�QDPHQRGH�GDHPRQ
DQG�YHULI\LQJ�WKDW�LW�KDV�VXFFHVVIXOO\�UHDG�WKH�IVLPDJH�DQG�HGLWV�ILOHV�LQWR�PHPRU\��E\
VFDQQLQJ�WKH�QDPHQRGH�ORJ�IRU�WKH�DSSURSULDWH�VXFFHVV�PHVVDJH��IRU�H[DPSOH���

Data backups
$OWKRXJK�+')6�LV�GHVLJQHG�WR�VWRUH�GDWD�UHOLDEO\��GDWD�ORVV�FDQ�RFFXU��MXVW�OLNH�LQ�DQ\
VWRUDJH�V\VWHP��DQG�WKXV�D�EDFNXS�VWUDWHJ\�LV�HVVHQWLDO��:LWK�WKH�ODUJH�GDWD�YROXPHV
WKDW�+DGRRS�FDQ�VWRUH��GHFLGLQJ�ZKDW�GDWD�WR�EDFN�XS�DQG�ZKHUH�WR�VWRUH�LW�LV�D�FKDO�
OHQJH��7KH�NH\�KHUH�LV�WR�SULRULWL]H�\RXU�GDWD��7KH�KLJKHVW�SULRULW\�LV�WKH�GDWD�WKDW�FDQQRW
EH�UHJHQHUDWHG�DQG�WKDW�LV�FULWLFDO�WR�WKH�EXVLQHVV��KRZHYHU��GDWD�WKDW�LV�HLWKHU�VWUDLJKW�
IRUZDUG�WR�UHJHQHUDWH�RU�HVVHQWLDOO\�GLVSRVDEOH�EHFDXVH�LW�LV�RI�OLPLWHG�EXVLQHVV�YDOXH�LV
WKH�ORZHVW�SULRULW\��DQG�\RX�PD\�FKRRVH�QRW�WR�PDNH�EDFNXSV�RI�WKLV�ORZ�SULRULW\�GDWD�

'R�QRW�PDNH�WKH�PLVWDNH�RI�WKLQNLQJ�WKDW�+')6�UHSOLFDWLRQ�LV�D�VXEVWL�
WXWH�IRU�PDNLQJ�EDFNXSV��%XJV�LQ�+')6�FDQ�FDXVH�UHSOLFDV�WR�EH�ORVW�
DQG�VR�FDQ�KDUGZDUH�IDLOXUHV��$OWKRXJK�+DGRRS�LV�H[SUHVVO\�GHVLJQHG
VR�WKDW�KDUGZDUH�IDLOXUH�LV�YHU\�XQOLNHO\�WR�UHVXOW�LQ�GDWD�ORVV��WKH�SRV�
VLELOLW\�FDQ�QHYHU�EH�FRPSOHWHO\�UXOHG�RXW��SDUWLFXODUO\�ZKHQ�FRPELQHG
ZLWK�VRIWZDUH�EXJV�RU�KXPDQ�HUURU�

:KHQ�LW�FRPHV�WR�EDFNXSV��WKLQN�RI�+')6�LQ�WKH�VDPH�ZD\�DV�\RX�ZRXOG
5$,'��$OWKRXJK�WKH�GDWD�ZLOO�VXUYLYH�WKH� ORVV�RI�DQ�LQGLYLGXDO�5$,'
GLVN��LW�PD\�QRW�LI�WKH�5$,'�FRQWUROOHU�IDLOV�RU�LV�EXJJ\��SHUKDSV�RYHU�
ZULWLQJ�VRPH�GDWD���RU�WKH�HQWLUH�DUUD\�LV�GDPDJHG�

�� +DGRRS�����FRPHV�ZLWK�DQ�2IIOLQH�,PDJH�9LHZHU�DQG�2IIOLQH�(GLWV�9LHZHU��ZKLFK�FDQ�EH�XVHG�WR�FKHFN
WKH�LQWHJULW\�RI�WKH�IVLPDJH�DQG�HGLWV�ILOHV��1RWH�WKDW�ERWK�YLHZHUV�VXSSRUW�ROGHU�IRUPDWV�RI�WKHVH�ILOHV��VR
\RX�FDQ�XVH�WKHP�WR�GLDJQRVH�SUREOHPV�LQ�WKHVH�ILOHV�JHQHUDWHG�E\�SUHYLRXV�UHOHDVHV�RI�+DGRRS��7\SH
hdfs oiv�DQG�hdfs oev�WR�LQYRNH�WKHVH�WRROV�
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,W¦V�FRPPRQ�WR�KDYH�D�SROLF\�IRU�XVHU�GLUHFWRULHV�LQ�+')6��)RU�H[DPSOH��WKH\�PD\�KDYH
VSDFH�TXRWDV�DQG�EH�EDFNHG�XS�QLJKWO\��:KDWHYHU�WKH�SROLF\��PDNH�VXUH�\RXU�XVHUV
NQRZ�ZKDW�LW�LV��VR�WKH\�NQRZ�ZKDW�WR�H[SHFW�

7KH�GLVWFS�WRRO�LV�LGHDO�IRU�PDNLQJ�EDFNXSV�WR�RWKHU�+')6�FOXVWHUV��SUHIHUDEO\�UXQQLQJ
RQ�D�GLIIHUHQW�YHUVLRQ�RI�WKH�VRIWZDUH��WR�JXDUG�DJDLQVW�ORVV�GXH�WR�EXJV�LQ�+')6��RU
RWKHU�+DGRRS� ILOHV\VWHPV� �VXFK�DV�6��RU�.)6��EHFDXVH� LW� FDQ�FRS\� ILOHV� LQ�SDUDOOHO�
$OWHUQDWLYHO\��\RX�FDQ�HPSOR\�DQ�HQWLUHO\�GLIIHUHQW�VWRUDJH�V\VWHP�IRU�EDFNXSV��XVLQJ
RQH� RI� WKH�PHWKRGV� IRU� H[SRUWLQJ� GDWD� IURP�+')6� GHVFULEHG� LQ� £+DGRRS� )LOHV\V�
WHPV¤�RQ�SDJH����

Filesystem check (fsck)
,W�LV�DGYLVDEOH�WR�UXQ�+')6¦V�IVFN�WRRO�UHJXODUO\��IRU�H[DPSOH��GDLO\��RQ�WKH�ZKROH�ILOH�
V\VWHP� WR� SURDFWLYHO\� ORRN� IRU� PLVVLQJ� RU� FRUUXSW� EORFNV�� 6HH� £)LOHV\VWHP� FKHFN
�IVFN�¤�RQ�SDJH�����

Filesystem balancer
5XQ�WKH�EDODQFHU�WRRO��VHH�£%DODQFHU¤�RQ�SDJH������UHJXODUO\�WR�NHHS�WKH�ILOHV\VWHP
GDWDQRGHV�HYHQO\�EDODQFHG�

Commissioning and Decommissioning Nodes
$V�DQ�DGPLQLVWUDWRU�RI�D�+DGRRS�FOXVWHU��\RX�ZLOO�QHHG�WR�DGG�RU�UHPRYH�QRGHV�IURP
WLPH�WR�WLPH��)RU�H[DPSOH��WR�JURZ�WKH�VWRUDJH�DYDLODEOH�WR�D�FOXVWHU��\RX�FRPPLVVLRQ
QHZ�QRGHV��&RQYHUVHO\��VRPHWLPHV�\RX�PD\�ZLVK�WR�VKULQN�D�FOXVWHU��DQG�WR�GR�VR��\RX
GHFRPPLVVLRQ�QRGHV��6RPHWLPHV�LW�LV�QHFHVVDU\�WR�GHFRPPLVVLRQ�D�QRGH�LI�LW�LV�PLVEH�
KDYLQJ��SHUKDSV�EHFDXVH�LW�LV�IDLOLQJ�PRUH�RIWHQ�WKDQ�LW�VKRXOG�RU�LWV�SHUIRUPDQFH�LV
QRWLFHDEO\�VORZ�

1RGHV� QRUPDOO\� UXQ� ERWK� D� GDWDQRGH� DQG� D� WDVNWUDFNHU�� DQG� ERWK� DUH� W\SLFDOO\
FRPPLVVLRQHG�RU�GHFRPPLVVLRQHG�LQ�WDQGHP�

Commissioning new nodes
$OWKRXJK� FRPPLVVLRQLQJ� D� QHZ� QRGH� FDQ� EH� DV� VLPSOH� DV� FRQILJXULQJ� WKH� KGIV�
VLWH�[PO�ILOH�WR�SRLQW�WR�WKH�QDPHQRGH��FRQILJXULQJ�WKH�PDSUHG�VLWH�[PO�ILOH�WR�SRLQW�WR
WKH�MREWUDFNHU��DQG�VWDUWLQJ�WKH�GDWDQRGH�DQG�MREWUDFNHU�GDHPRQV��LW�LV�JHQHUDOO\�EHVW
WR�KDYH�D�OLVW�RI�DXWKRUL]HG�QRGHV�
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,W�LV�D�SRWHQWLDO�VHFXULW\�ULVN�WR�DOORZ�DQ\�PDFKLQH�WR�FRQQHFW�WR�WKH�QDPHQRGH�DQG�DFW
DV�D�GDWDQRGH��EHFDXVH�WKH�PDFKLQH�PD\�JDLQ�DFFHVV�WR�GDWD�WKDW�LW�LV�QRW�DXWKRUL]HG�WR
VHH��)XUWKHUPRUH��EHFDXVH�VXFK�D�PDFKLQH�LV�QRW�D�UHDO�GDWDQRGH��LW�LV�QRW�XQGHU�\RXU
FRQWURO�DQG�PD\�VWRS�DW�DQ\�WLPH��FDXVLQJ�SRWHQWLDO�GDWD�ORVV���,PDJLQH�ZKDW�ZRXOG
KDSSHQ�LI�D�QXPEHU�RI�VXFK�QRGHV�ZHUH�FRQQHFWHG�DQG�D�EORFN�RI�GDWD�ZDV�SUHVHQW�RQO\
RQ�WKH�£DOLHQ¤�QRGHV"��7KLV�VFHQDULR�LV�D�ULVN�HYHQ�LQVLGH�D�ILUHZDOO��GXH�WR�WKH�SRVVLELOLW\
RI�PLVFRQILJXUDWLRQ��VR�GDWDQRGHV��DQG�WDVNWUDFNHUV��VKRXOG�EH�H[SOLFLWO\�PDQDJHG�RQ
DOO�SURGXFWLRQ�FOXVWHUV�

'DWDQRGHV�WKDW�DUH�SHUPLWWHG�WR�FRQQHFW�WR�WKH�QDPHQRGH�DUH�VSHFLILHG�LQ�D�ILOH�ZKRVH
QDPH�LV�VSHFLILHG�E\�WKH�dfs.hosts�SURSHUW\��7KH�ILOH�UHVLGHV�RQ�WKH�QDPHQRGH¦V�ORFDO
ILOHV\VWHP��DQG�LW�FRQWDLQV�D�OLQH�IRU�HDFK�GDWDQRGH��VSHFLILHG�E\�QHWZRUN�DGGUHVV��DV
UHSRUWHG�E\�WKH�GDWDQRGH��\RX�FDQ�VHH�ZKDW�WKLV�LV�E\�ORRNLQJ�DW�WKH�QDPHQRGH¦V�ZHE
8,���,I�\RX�QHHG�WR�VSHFLI\�PXOWLSOH�QHWZRUN�DGGUHVVHV�IRU�D�GDWDQRGH��SXW�WKHP�RQ�RQH
OLQH��VHSDUDWHG�E\�ZKLWHVSDFH�

6LPLODUO\��WDVNWUDFNHUV�WKDW�PD\�FRQQHFW�WR�WKH�MREWUDFNHU�DUH�VSHFLILHG�LQ�D�ILOH�ZKRVH
QDPH�LV�VSHFLILHG�E\�WKH�mapred.hosts�SURSHUW\��,Q�PRVW�FDVHV��WKHUH�LV�RQH�VKDUHG�ILOH�
UHIHUUHG�WR�DV�WKH�LQFOXGH�ILOH��WKDW�ERWK�dfs.hosts�DQG�mapred.hosts�UHIHU�WR��VLQFH�QRGHV
LQ�WKH�FOXVWHU�UXQ�ERWK�GDWDQRGH�DQG�WDVNWUDFNHU�GDHPRQV�

7KH�ILOH��RU�ILOHV��VSHFLILHG�E\�WKH�dfs.hosts�DQG�mapred.hosts�SURSHUWLHV
LV�GLIIHUHQW�IURP�WKH�VODYHV�ILOH��7KH�IRUPHU�LV�XVHG�E\�WKH�QDPHQRGH�DQG
MREWUDFNHU�WR�GHWHUPLQH�ZKLFK�ZRUNHU�QRGHV�PD\�FRQQHFW��7KH�VODYHV
ILOH�LV�XVHG�E\�WKH�+DGRRS�FRQWURO�VFULSWV�WR�SHUIRUP�FOXVWHU�ZLGH�RS�
HUDWLRQV�� VXFK� DV� FOXVWHU� UHVWDUWV�� ,W� LV� QHYHU� XVHG� E\� WKH� +DGRRS
GDHPRQV�

7R�DGG�QHZ�QRGHV�WR�WKH�FOXVWHU�

�� $GG�WKH�QHWZRUN�DGGUHVVHV�RI�WKH�QHZ�QRGHV�WR�WKH�LQFOXGH�ILOH�

�� 8SGDWH� WKH� QDPHQRGH� ZLWK� WKH� QHZ� VHW� RI� SHUPLWWHG� GDWDQRGHV� XVLQJ� WKLV
FRPPDQG�

% hadoop dfsadmin -refreshNodes

�� 8SGDWH�WKH�MREWUDFNHU�ZLWK�WKH�QHZ�VHW�RI�SHUPLWWHG�WDVNWUDFNHUV�XVLQJ�

% hadoop mradmin -refreshNodes

�� 8SGDWH�WKH�VODYHV�ILOH�ZLWK�WKH�QHZ�QRGHV��VR�WKDW�WKH\�DUH�LQFOXGHG�LQ�IXWXUH�RS�
HUDWLRQV�SHUIRUPHG�E\�WKH�+DGRRS�FRQWURO�VFULSWV�

�� 6WDUW�WKH�QHZ�GDWDQRGHV�DQG�WDVNWUDFNHUV�

�� &KHFN�WKDW�WKH�QHZ�GDWDQRGHV�DQG�WDVNWUDFNHUV�DSSHDU�LQ�WKH�ZHE�8,�

+')6�ZLOO�QRW�PRYH�EORFNV�IURP�ROG�GDWDQRGHV�WR�QHZ�GDWDQRGHV�WR�EDODQFH�WKH�FOXVWHU�
7R�GR�WKLV��\RX�VKRXOG�UXQ�WKH�EDODQFHU�GHVFULEHG�LQ�£%DODQFHU¤�RQ�SDJH�����
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Decommissioning old nodes
$OWKRXJK�+')6�LV�GHVLJQHG�WR�WROHUDWH�GDWDQRGH�IDLOXUHV��WKLV�GRHV�QRW�PHDQ�\RX�FDQ
MXVW�WHUPLQDWH�GDWDQRGHV�HQ�PDVVH�ZLWK�QR�LOO�HIIHFW��:LWK�D�UHSOLFDWLRQ�OHYHO�RI�WKUHH�
IRU�H[DPSOH��WKH�FKDQFHV�DUH�YHU\�KLJK�WKDW�\RX�ZLOO�ORVH�GDWD�E\�VLPXOWDQHRXVO\�VKXWWLQJ
GRZQ� WKUHH� GDWDQRGHV� LI� WKH\� DUH� RQ� GLIIHUHQW� UDFNV�� 7KH� ZD\� WR� GHFRPPLVVLRQ
GDWDQRGHV�LV�WR�LQIRUP�WKH�QDPHQRGH�RI�WKH�QRGHV�WKDW�\RX�ZLVK�WR�WDNH�RXW�RI�FLUFX�
ODWLRQ��VR�WKDW�LW�FDQ�UHSOLFDWH�WKH�EORFNV�WR�RWKHU�GDWDQRGHV�EHIRUH�WKH�GDWDQRGHV�DUH
VKXW�GRZQ�

:LWK�WDVNWUDFNHUV��+DGRRS�LV�PRUH�IRUJLYLQJ��,I�\RX�VKXW�GRZQ�D�WDVNWUDFNHU�WKDW�LV
UXQQLQJ�WDVNV��WKH�MREWUDFNHU�ZLOO�QRWLFH�WKH�IDLOXUH�DQG�UHVFKHGXOH�WKH�WDVNV�RQ�RWKHU
WDVNWUDFNHUV�

7KH�GHFRPPLVVLRQLQJ�SURFHVV�LV�FRQWUROOHG�E\�DQ�H[FOXGH�ILOH��ZKLFK�IRU�+')6�LV�VHW
E\�WKH�dfs.hosts.exclude�SURSHUW\�DQG�IRU�0DS5HGXFH�E\�WKH�mapred.hosts.exclude
SURSHUW\��,W�LV�RIWHQ�WKH�FDVH�WKDW�WKHVH�SURSHUWLHV�UHIHU�WR�WKH�VDPH�ILOH��7KH�H[FOXGH�ILOH
OLVWV�WKH�QRGHV�WKDW�DUH�QRW�SHUPLWWHG�WR�FRQQHFW�WR�WKH�FOXVWHU�

7KH�UXOHV�IRU�ZKHWKHU�D�WDVNWUDFNHU�PD\�FRQQHFW�WR�WKH�MREWUDFNHU�DUH�VLPSOH��D�WDVN�
WUDFNHU�PD\�FRQQHFW�RQO\�LI�LW�DSSHDUV�LQ�WKH�LQFOXGH�ILOH�DQG�GRHV�QRW�DSSHDU�LQ�WKH
H[FOXGH�ILOH��$Q�XQVSHFLILHG�RU�HPSW\�LQFOXGH�ILOH�LV�WDNHQ�WR�PHDQ�WKDW�DOO�QRGHV�DUH�LQ
WKH�LQFOXGH�ILOH�

)RU�+')6��WKH�UXOHV�DUH�VOLJKWO\�GLIIHUHQW��,I�D�GDWDQRGH�DSSHDUV�LQ�ERWK�WKH�LQFOXGH�DQG
WKH�H[FOXGH�ILOH��WKHQ�LW�PD\�FRQQHFW��EXW�RQO\�WR�EH�GHFRPPLVVLRQHG��7DEOH������VXP�
PDUL]HV�WKH�GLIIHUHQW�FRPELQDWLRQV�IRU�GDWDQRGHV��$V�IRU�WDVNWUDFNHUV��DQ�XQVSHFLILHG
RU�HPSW\�LQFOXGH�ILOH�PHDQV�DOO�QRGHV�DUH�LQFOXGHG�

7DEOH�������+')6�LQFOXGH�DQG�H[FOXGH�ILOH�SUHFHGHQFH

Node appears in include file Node appears in exclude file Interpretation

No No Node may not connect.

No Yes Node may not connect.

Yes No Node may connect.

Yes Yes Node may connect and will be decommissioned.

7R�UHPRYH�QRGHV�IURP�WKH�FOXVWHU�

�� $GG�WKH�QHWZRUN�DGGUHVVHV�RI�WKH�QRGHV�WR�EH�GHFRPPLVVLRQHG�WR�WKH�H[FOXGH�ILOH�
'R�QRW�XSGDWH�WKH�LQFOXGH�ILOH�DW�WKLV�SRLQW�

�� 8SGDWH� WKH� QDPHQRGH� ZLWK� WKH� QHZ� VHW� RI� SHUPLWWHG� GDWDQRGHV�� XVLQJ� WKLV
FRPPDQG�

% hadoop dfsadmin -refreshNodes

�� 8SGDWH�WKH�MREWUDFNHU�ZLWK�WKH�QHZ�VHW�RI�SHUPLWWHG�WDVNWUDFNHUV�XVLQJ�

% hadoop mradmin -refreshNodes
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�� *R�WR�WKH�ZHE�8,�DQG�FKHFN�ZKHWKHU�WKH�DGPLQ�VWDWH�KDV�FKDQJHG�WR�£'HFRPPLV�
VLRQ�,Q�3URJUHVV¤�IRU�WKH�GDWDQRGHV�EHLQJ�GHFRPPLVVLRQHG��7KH\�ZLOO�VWDUW�FRS\LQJ
WKHLU�EORFNV�WR�RWKHU�GDWDQRGHV�LQ�WKH�FOXVWHU�

�� :KHQ�DOO�WKH�GDWDQRGHV�UHSRUW�WKHLU�VWDWH�DV�£'HFRPPLVVLRQHG�¤�DOO�WKH�EORFNV�KDYH
EHHQ�UHSOLFDWHG��6KXW�GRZQ�WKH�GHFRPPLVVLRQHG�QRGHV�

�� 5HPRYH�WKH�QRGHV�IURP�WKH�LQFOXGH�ILOH��DQG�UXQ�

% hadoop dfsadmin -refreshNodes

% hadoop mradmin -refreshNodes

�� 5HPRYH�WKH�QRGHV�IURP�WKH�VODYHV�ILOH�

Upgrades
8SJUDGLQJ�DQ�+')6�DQG�0DS5HGXFH�FOXVWHU�UHTXLUHV�FDUHIXO�SODQQLQJ��7KH�PRVW�LP�
SRUWDQW�FRQVLGHUDWLRQ�LV�WKH�+')6�XSJUDGH��,I�WKH�OD\RXW�YHUVLRQ�RI�WKH�ILOHV\VWHP�KDV
FKDQJHG��WKHQ�WKH�XSJUDGH�ZLOO�DXWRPDWLFDOO\�PLJUDWH�WKH�ILOHV\VWHP�GDWD�DQG�PHWDGDWD
WR�D�IRUPDW�WKDW�LV�FRPSDWLEOH�ZLWK�WKH�QHZ�YHUVLRQ��$V�ZLWK�DQ\�SURFHGXUH�WKDW�LQYROYHV
GDWD�PLJUDWLRQ��WKHUH�LV�D�ULVN�RI�GDWD�ORVV��VR�\RX�VKRXOG�EH�VXUH�WKDW�ERWK�\RXU�GDWD
DQG�PHWDGDWD�LV�EDFNHG�XS��VHH�£5RXWLQH�$GPLQLVWUDWLRQ�3URFHGXUHV¤�RQ�SDJH������

3DUW�RI�WKH�SODQQLQJ�SURFHVV�VKRXOG�LQFOXGH�D�WULDO�UXQ�RQ�D�VPDOO�WHVW�FOXVWHU�ZLWK�D
FRS\�RI�GDWD�WKDW�\RX�FDQ�DIIRUG�WR�ORVH��$�WULDO�UXQ�ZLOO�DOORZ�\RX�WR�IDPLOLDUL]H�\RXUVHOI
ZLWK�WKH�SURFHVV��FXVWRPL]H�LW�WR�\RXU�SDUWLFXODU�FOXVWHU�FRQILJXUDWLRQ�DQG�WRROVHW��DQG
LURQ�RXW�DQ\�VQDJV�EHIRUH�UXQQLQJ�WKH�XSJUDGH�SURFHGXUH�RQ�D�SURGXFWLRQ�FOXVWHU��$
WHVW�FOXVWHU�DOVR�KDV�WKH�EHQHILW�RI�EHLQJ�DYDLODEOH�WR�WHVW�FOLHQW�XSJUDGHV�RQ��<RX�FDQ
UHDG�DERXW�JHQHUDO�FRPSDWLELOLW\�FRQFHUQV�IRU�FOLHQWV�LQ�£&RPSDWLELOLW\¤�RQ�SDJH����

8SJUDGLQJ� D� FOXVWHU� ZKHQ� WKH� ILOHV\VWHP� OD\RXW� KDV� QRW� FKDQJHG� LV� IDLUO\
VWUDLJKWIRUZDUG��LQVWDOO�WKH�QHZ�YHUVLRQV�RI�+')6�DQG�0DS5HGXFH�RQ�WKH�FOXVWHU��DQG
RQ�FOLHQWV�DW�WKH�VDPH�WLPH���VKXW�GRZQ�WKH�ROG�GDHPRQV��XSGDWH�FRQILJXUDWLRQ�ILOHV�
DQG�WKHQ�VWDUW�XS�WKH�QHZ�GDHPRQV�DQG�VZLWFK�FOLHQWV�WR�XVH�WKH�QHZ�OLEUDULHV��7KLV
SURFHVV�LV�UHYHUVLEOH��VR�UROOLQJ�EDFN�DQ�XSJUDGH�LV�DOVR�VWUDLJKWIRUZDUG�

$IWHU�HYHU\�VXFFHVVIXO�XSJUDGH��\RX�VKRXOG�SHUIRUP�D�FRXSOH�RI�ILQDO�FOHDQXS�VWHSV�

� 5HPRYH�WKH�ROG�LQVWDOODWLRQ�DQG�FRQILJXUDWLRQ�ILOHV�IURP�WKH�FOXVWHU�

� )L[�DQ\�GHSUHFDWLRQ�ZDUQLQJV�LQ�\RXU�FRGH�DQG�FRQILJXUDWLRQ�

HDFS data and metadata upgrades
,I�\RX�XVH�WKH�SURFHGXUH�MXVW�GHVFULEHG�WR�XSJUDGH�WR�D�QHZ�YHUVLRQ�RI�+')6�DQG�LW
H[SHFWV�D�GLIIHUHQW�OD\RXW�YHUVLRQ��WKHQ�WKH�QDPHQRGH�ZLOO�UHIXVH�WR�UXQ��$�PHVVDJH�OLNH
WKH�IROORZLQJ�ZLOO�DSSHDU�LQ�LWV�ORJ�

File system image contains an old layout version -16.
An upgrade to version -18 is required.
Please restart NameNode with -upgrade option.
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7KH�PRVW�UHOLDEOH�ZD\�RI�ILQGLQJ�RXW�ZKHWKHU�\RX�QHHG�WR�XSJUDGH�WKH�ILOHV\VWHP�LV�E\
SHUIRUPLQJ�D�WULDO�RQ�D�WHVW�FOXVWHU�

$Q�XSJUDGH�RI�+')6�PDNHV�D�FRS\�RI�WKH�SUHYLRXV�YHUVLRQ¦V�PHWDGDWD�DQG�GDWD��'RLQJ
DQ�XSJUDGH�GRHV�QRW�GRXEOH�WKH�VWRUDJH�UHTXLUHPHQWV�RI�WKH�FOXVWHU��DV�WKH�GDWDQRGHV
XVH�KDUG�OLQNV�WR�NHHS�WZR�UHIHUHQFHV��IRU�WKH�FXUUHQW�DQG�SUHYLRXV�YHUVLRQ��WR�WKH�VDPH
EORFN�RI�GDWD��7KLV�GHVLJQ�PDNHV�LW�VWUDLJKWIRUZDUG�WR�UROO�EDFN�WR�WKH�SUHYLRXV�YHUVLRQ
RI�WKH�ILOHV\VWHP��LI�\RX�QHHG�WR��<RX�VKRXOG�XQGHUVWDQG�WKDW�DQ\�FKDQJHV�PDGH�WR�WKH
GDWD�RQ�WKH�XSJUDGHG�V\VWHP�ZLOO�EH�ORVW�DIWHU�WKH�UROOEDFN�FRPSOHWHV�

<RX�FDQ�NHHS�RQO\�WKH�SUHYLRXV�YHUVLRQ�RI�WKH�ILOHV\VWHP��ZKLFK�PHDQV�\RX�FDQ¦W�UROO
EDFN�VHYHUDO�YHUVLRQV��7KHUHIRUH��WR�FDUU\�RXW�DQRWKHU�XSJUDGH�WR�+')6�GDWD�DQG�PHW�
DGDWD��\RX�ZLOO�QHHG�WR�GHOHWH�WKH�SUHYLRXV�YHUVLRQ��D�SURFHVV�FDOOHG�ILQDOL]LQJ�WKH�XS�
JUDGH��2QFH�DQ�XSJUDGH�LV�ILQDOL]HG��WKHUH�LV�QR�SURFHGXUH�IRU�UROOLQJ�EDFN�WR�D�SUHYLRXV
YHUVLRQ�

,Q�JHQHUDO��\RX�FDQ�VNLS�UHOHDVHV�ZKHQ�XSJUDGLQJ��IRU�H[DPSOH��\RX�FDQ�XSJUDGH�IURP
UHOHDVH��������WR��������ZLWKRXW�KDYLQJ�WR�XSJUDGH�WR�D������[�UHOHDVH�ILUVW���EXW�LQ�VRPH
FDVHV��\RX�PD\�KDYH�WR�JR�WKURXJK�LQWHUPHGLDWH�UHOHDVHV��7KH�UHOHDVH�QRWHV�PDNH�LW�FOHDU
ZKHQ�WKLV�LV�UHTXLUHG�

<RX�VKRXOG�RQO\�DWWHPSW�WR�XSJUDGH�D�KHDOWK\�ILOHV\VWHP��%HIRUH�UXQQLQJ�WKH�XSJUDGH�
GR�D�IXOO�IVFN��VHH�£)LOHV\VWHP�FKHFN��IVFN�¤�RQ�SDJH�������$V�DQ�H[WUD�SUHFDXWLRQ��\RX
FDQ�NHHS�D�FRS\�RI�WKH�IVFN�RXWSXW�WKDW�OLVWV�DOO�WKH�ILOHV�DQG�EORFNV�LQ�WKH�V\VWHP��VR
\RX�FDQ�FRPSDUH�LW�ZLWK�WKH�RXWSXW�RI�UXQQLQJ�IVFN�DIWHU�WKH�XSJUDGH�

,W¦V�DOVR�ZRUWK�FOHDULQJ�RXW�WHPSRUDU\�ILOHV�EHIRUH�GRLQJ�WKH�XSJUDGH��ERWK�IURP�WKH
0DS5HGXFH�V\VWHP�GLUHFWRU\�RQ�+')6�DQG�ORFDO�WHPSRUDU\�ILOHV�

:LWK�WKHVH�SUHOLPLQDULHV�RXW�RI�WKH�ZD\��KHUH�LV�WKH�KLJK�OHYHO�SURFHGXUH�IRU�XSJUDGLQJ
D�FOXVWHU�ZKHQ�WKH�ILOHV\VWHP�OD\RXW�QHHGV�WR�EH�PLJUDWHG�

�� 0DNH�VXUH�WKDW�DQ\�SUHYLRXV�XSJUDGH�LV�ILQDOL]HG�EHIRUH�SURFHHGLQJ�ZLWK�DQRWKHU
XSJUDGH�

�� 6KXW�GRZQ�0DS5HGXFH��DQG�NLOO�DQ\�RUSKDQHG�WDVN�SURFHVVHV�RQ�WKH�WDVNWUDFNHUV�

�� 6KXW�GRZQ�+')6��DQG�EDFN�XS�WKH�QDPHQRGH�GLUHFWRULHV�

�� ,QVWDOO� QHZ� YHUVLRQV� RI�+DGRRS�+')6� DQG�0DS5HGXFH� RQ� WKH� FOXVWHU� DQG� RQ
FOLHQWV�

�� 6WDUW�+')6�ZLWK�WKH�-upgrade�RSWLRQ�

�� :DLW�XQWLO�WKH�XSJUDGH�LV�FRPSOHWH�

�� 3HUIRUP�VRPH�VDQLW\�FKHFNV�RQ�+')6�

�� 6WDUW�0DS5HGXFH�

�� 5ROO�EDFN�RU�ILQDOL]H�WKH�XSJUDGH��RSWLRQDO��

:KLOH�UXQQLQJ�WKH�XSJUDGH�SURFHGXUH��LW�LV�D�JRRG�LGHD�WR�UHPRYH�WKH�+DGRRS�VFULSWV
IURP�\RXU�PATH�HQYLURQPHQW�YDULDEOH��7KLV�IRUFHV�\RX�WR�EH�H[SOLFLW�DERXW�ZKLFK�YHUVLRQ
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RI�WKH�VFULSWV�\RX�DUH�UXQQLQJ��,W�FDQ�EH�FRQYHQLHQW�WR�GHILQH�WZR�HQYLURQPHQW�YDULDEOHV
IRU� WKH�QHZ� LQVWDOODWLRQ�GLUHFWRULHV�� LQ� WKH� IROORZLQJ� LQVWUXFWLRQV��ZH�KDYH�GHILQHG�
OLD_HADOOP_INSTALL�DQG�NEW_HADOOP_INSTALL�

7R�SHUIRUP�WKH�XSJUDGH��UXQ�WKH�IROORZLQJ�FRPPDQG��WKLV�LV�VWHS���LQ
WKH�KLJK�OHYHO�XSJUDGH�SURFHGXUH��

% $NEW_HADOOP_INSTALL/bin/start-dfs.sh -upgrade

7KLV�FDXVHV�WKH�QDPHQRGH�WR�XSJUDGH�LWV�PHWDGDWD��SODFLQJ�WKH�SUHYLRXV�YHUVLRQ�LQ�D
QHZ�GLUHFWRU\�FDOOHG�SUHYLRXV�

${dfs.name.dir}/current/VERSION
                       /edits
                       /fsimage
                       /fstime
               /previous/VERSION
                        /edits
                        /fsimage
                        /fstime

6LPLODUO\��GDWDQRGHV�XSJUDGH� WKHLU� VWRUDJH�GLUHFWRULHV��SUHVHUYLQJ� WKH�ROG�FRS\� LQ�D
GLUHFWRU\�FDOOHG�SUHYLRXV�

7KH�XSJUDGH�SURFHVV�LV�QRW�LQVWDQWDQHRXV��EXW�\RX�FDQ
FKHFN�WKH�SURJUHVV�RI�DQ�XSJUDGH�XVLQJ�GIVDGPLQ��VWHS����XSJUDGH�HYHQWV�DOVR�DSSHDU
LQ�WKH�GDHPRQV¦�ORJILOHV��

% $NEW_HADOOP_INSTALL/bin/hadoop dfsadmin -upgradeProgress status
Upgrade for version -18 has been completed.
Upgrade is not finalized.

7KLV�VKRZV�WKDW�WKH�XSJUDGH�LV�FRPSOHWH��$W�WKLV�VWDJH��\RX�VKRXOG�UXQ
VRPH�VDQLW\�FKHFNV��VWHS����RQ�WKH�ILOHV\VWHP��H�J���FKHFN�ILOHV�DQG�EORFNV�XVLQJ�IVFN�
WHVW�EDVLF�ILOH�RSHUDWLRQV���<RX�PLJKW�FKRRVH�WR�SXW�+')6�LQWR�VDIH�PRGH�ZKLOH�\RX�DUH
UXQQLQJ� VRPH�RI� WKHVH� FKHFNV� �WKH�RQHV� WKDW� DUH� UHDG�RQO\�� WR�SUHYHQW�RWKHUV� IURP
PDNLQJ�FKDQJHV�

,I�\RX�ILQG�WKDW�WKH�QHZ�YHUVLRQ�LV�QRW�ZRUNLQJ�FRUUHFWO\�
\RX�PD\�FKRRVH�WR�UROO�EDFN�WR�WKH�SUHYLRXV�YHUVLRQ��VWHS�����7KLV�LV�SRVVLEOH�RQO\�LI
\RX�KDYH�QRW�ILQDOL]HG�WKH�XSJUDGH�

$�UROOEDFN�UHYHUWV�WKH�ILOHV\VWHP�VWDWH�WR�EHIRUH�WKH�XSJUDGH�ZDV�SHU�
IRUPHG�� VR�DQ\�FKDQJHV�PDGH� LQ� WKH�PHDQWLPH�ZLOO�EH� ORVW�� ,Q�RWKHU
ZRUGV��LW�UROOV�EDFN�WR�WKH�SUHYLRXV�VWDWH�RI�WKH�ILOHV\VWHP��UDWKHU�WKDQ
GRZQJUDGLQJ�WKH�FXUUHQW�VWDWH�RI�WKH�ILOHV\VWHP�WR�D�IRUPHU�YHUVLRQ�

)LUVW��VKXW�GRZQ�WKH�QHZ�GDHPRQV�

% $NEW_HADOOP_INSTALL/bin/stop-dfs.sh

7KHQ�VWDUW�XS�WKH�ROG�YHUVLRQ�RI�+')6�ZLWK�WKH�-rollback�RSWLRQ�

Start the upgrade.

Wait until the upgrade is complete.

Check the upgrade.

Roll back the upgrade (optional).
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% $OLD_HADOOP_INSTALL/bin/start-dfs.sh -rollback

7KLV� FRPPDQG� JHWV� WKH� QDPHQRGH� DQG� GDWDQRGHV� WR� UHSODFH� WKHLU� FXUUHQW� VWRUDJH
GLUHFWRULHV�ZLWK�WKHLU�SUHYLRXV�FRSLHV��7KH�ILOHV\VWHP�ZLOO�EH�UHWXUQHG�WR�LWV�SUHYLRXV
VWDWH�

:KHQ�\RX�DUH�KDSS\�ZLWK�WKH�QHZ�YHUVLRQ�RI�+')6��\RX
FDQ�ILQDOL]H�WKH�XSJUDGH��VWHS����WR�UHPRYH�WKH�SUHYLRXV�VWRUDJH�GLUHFWRULHV�

$IWHU�DQ�XSJUDGH�KDV�EHHQ�ILQDOL]HG��WKHUH�LV�QR�ZD\�WR�UROO�EDFN�WR�WKH
SUHYLRXV�YHUVLRQ�

7KLV�VWHS�LV�UHTXLUHG�EHIRUH�SHUIRUPLQJ�DQRWKHU�XSJUDGH�

% $NEW_HADOOP_INSTALL/bin/hadoop dfsadmin -finalizeUpgrade
% $NEW_HADOOP_INSTALL/bin/hadoop dfsadmin -upgradeProgress status
There are no upgrades in progress.

+')6�LV�QRZ�IXOO\�XSJUDGHG�WR�WKH�QHZ�YHUVLRQ�

Finalize the upgrade (optional).
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CHAPTER 11

Pig

3LJ�UDLVHV�WKH�OHYHO�RI�DEVWUDFWLRQ�IRU�SURFHVVLQJ�ODUJH�GDWDVHWV��0DS5HGXFH�DOORZV�\RX�
DV�WKH�SURJUDPPHU��WR�VSHFLI\�D�PDS�IXQFWLRQ�IROORZHG�E\�D�UHGXFH�IXQFWLRQ��EXW�ZRUN�
LQJ�RXW�KRZ�WR�ILW�\RXU�GDWD�SURFHVVLQJ�LQWR�WKLV�SDWWHUQ��ZKLFK�RIWHQ�UHTXLUHV�PXOWLSOH
0DS5HGXFH�VWDJHV��FDQ�EH�D�FKDOOHQJH��:LWK�3LJ��WKH�GDWD�VWUXFWXUHV�DUH�PXFK�ULFKHU�
W\SLFDOO\�EHLQJ�PXOWLYDOXHG�DQG�QHVWHG��DQG�WKH�VHW�RI�WUDQVIRUPDWLRQV�\RX�FDQ�DSSO\
WR�WKH�GDWD�DUH�PXFK�PRUH�SRZHUIXO��7KH\�LQFOXGH�MRLQV��IRU�H[DPSOH��ZKLFK�DUH�QRW
IRU�WKH�IDLQW�RI�KHDUW�LQ�0DS5HGXFH�

3LJ�LV�PDGH�XS�RI�WZR�SLHFHV�

� 7KH�ODQJXDJH�XVHG�WR�H[SUHVV�GDWD�IORZV��FDOOHG�3LJ�/DWLQ�

� 7KH�H[HFXWLRQ�HQYLURQPHQW�WR�UXQ�3LJ�/DWLQ�SURJUDPV��7KHUH�DUH�FXUUHQWO\�WZR
HQYLURQPHQWV��ORFDO�H[HFXWLRQ�LQ�D�VLQJOH�-90�DQG�GLVWULEXWHG�H[HFXWLRQ�RQ�D�+D�
GRRS�FOXVWHU�

$�3LJ�/DWLQ�SURJUDP�LV�PDGH�XS�RI�D�VHULHV�RI�RSHUDWLRQV��RU�WUDQVIRUPDWLRQV��WKDW�DUH
DSSOLHG�WR�WKH�LQSXW�GDWD�WR�SURGXFH�RXWSXW��7DNHQ�DV�D�ZKROH��WKH�RSHUDWLRQV�GHVFULEH
D�GDWD�IORZ��ZKLFK�WKH�3LJ�H[HFXWLRQ�HQYLURQPHQW�WUDQVODWHV�LQWR�DQ�H[HFXWDEOH�UHSUH�
VHQWDWLRQ�DQG�WKHQ�UXQV��8QGHU�WKH�FRYHUV��3LJ�WXUQV�WKH�WUDQVIRUPDWLRQV�LQWR�D�VHULHV
RI�0DS5HGXFH�MREV��EXW�DV�D�SURJUDPPHU�\RX�DUH�PRVWO\�XQDZDUH�RI�WKLV��ZKLFK�DOORZV
\RX�WR�IRFXV�RQ�WKH�GDWD�UDWKHU�WKDQ�WKH�QDWXUH�RI�WKH�H[HFXWLRQ�

3LJ�LV�D�VFULSWLQJ�ODQJXDJH�IRU�H[SORULQJ�ODUJH�GDWDVHWV��2QH�FULWLFLVP�RI�0DS5HGXFH�LV
WKDW�WKH�GHYHORSPHQW�F\FOH�LV�YHU\�ORQJ��:ULWLQJ�WKH�PDSSHUV�DQG�UHGXFHUV��FRPSLOLQJ
DQG�SDFNDJLQJ� WKH� FRGH�� VXEPLWWLQJ� WKH� MRE�V��� DQG� UHWULHYLQJ� WKH� UHVXOWV� LV� D� WLPH�
FRQVXPLQJ�EXVLQHVV��DQG�HYHQ�ZLWK�6WUHDPLQJ��ZKLFK�UHPRYHV�WKH�FRPSLOH�DQG�SDFNDJH
VWHS��WKH�H[SHULHQFH�LV�VWLOO�LQYROYHG��3LJ¦V�VZHHW�VSRW�LV�LWV�DELOLW\�WR�SURFHVV�WHUDE\WHV
RI�GDWD�VLPSO\�E\�LVVXLQJ�D�KDOI�GR]HQ�OLQHV�RI�3LJ�/DWLQ�IURP�WKH�FRQVROH��,QGHHG��LW
ZDV�FUHDWHG�DW�<DKRR��WR�PDNH�LW�HDVLHU�IRU�UHVHDUFKHUV�DQG�HQJLQHHUV�WR�PLQH�WKH�KXJH
GDWDVHWV�WKHUH��3LJ�LV�YHU\�VXSSRUWLYH�RI�D�SURJUDPPHU�ZULWLQJ�D�TXHU\��VLQFH�LW�SURYLGHV
VHYHUDO�FRPPDQGV�IRU�LQWURVSHFWLQJ�WKH�GDWD�VWUXFWXUHV�LQ�\RXU�SURJUDP�DV�LW�LV�ZULWWHQ�
(YHQ�PRUH�XVHIXO��LW�FDQ�SHUIRUP�D�VDPSOH�UXQ�RQ�D�UHSUHVHQWDWLYH�VXEVHW�RI�\RXU�LQSXW
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GDWD��VR�\RX�FDQ�VHH�ZKHWKHU�WKHUH�DUH�HUURUV�LQ�WKH�SURFHVVLQJ�EHIRUH�XQOHDVKLQJ�LW�RQ
WKH�IXOO�GDWDVHW�

3LJ�ZDV�GHVLJQHG�WR�EH�H[WHQVLEOH��9LUWXDOO\�DOO�SDUWV�RI�WKH�SURFHVVLQJ�SDWK�DUH�FXV�
WRPL]DEOH��ORDGLQJ��VWRULQJ��ILOWHULQJ��JURXSLQJ��DQG�MRLQLQJ�FDQ�DOO�EH�DOWHUHG�E\�XVHU�
GHILQHG�IXQFWLRQV��8')V���7KHVH�IXQFWLRQV�RSHUDWH�RQ�3LJ¦V�QHVWHG�GDWD�PRGHO��VR�WKH\
FDQ�LQWHJUDWH�YHU\�GHHSO\�ZLWK�3LJ¦V�RSHUDWRUV��$V�DQRWKHU�EHQHILW��8')V�WHQG�WR�EH
PRUH�UHXVDEOH�WKDQ�WKH�OLEUDULHV�GHYHORSHG�IRU�ZULWLQJ�0DS5HGXFH�SURJUDPV�

3LJ�LVQ¦W�VXLWDEOH�IRU�DOO�GDWD�SURFHVVLQJ�WDVNV��KRZHYHU��/LNH�0DS5HGXFH��LW�LV�GHVLJQHG
IRU�EDWFK�SURFHVVLQJ�RI�GDWD��,I�\RX�ZDQW�WR�SHUIRUP�D�TXHU\�WKDW�WRXFKHV�RQO\�D�VPDOO
DPRXQW�RI�GDWD�LQ�D�ODUJH�GDWDVHW��WKHQ�3LJ�ZLOO�QRW�SHUIRUP�ZHOO��EHFDXVH�LW�LV�VHW�XS�WR
VFDQ�WKH�ZKROH�GDWDVHW��RU�DW�OHDVW�ODUJH�SRUWLRQV�RI�LW�

,Q�VRPH�FDVHV��3LJ�GRHVQ¦W�SHUIRUP�DV�ZHOO�DV�SURJUDPV�ZULWWHQ�LQ�0DS5HGXFH��+RZ�
HYHU��WKH�JDS�LV�QDUURZLQJ�ZLWK�HDFK�UHOHDVH��DV�WKH�3LJ�WHDP�LPSOHPHQWV�VRSKLVWLFDWHG
DOJRULWKPV�IRU�DSSO\LQJ�3LJ¦V�UHODWLRQDO�RSHUDWRUV��,W¦V�IDLU�WR�VD\�WKDW�XQOHVV�\RX�DUH
ZLOOLQJ�WR�LQYHVW�D�ORW�RI�HIIRUW�RSWLPL]LQJ�-DYD�0DS5HGXFH�FRGH��ZULWLQJ�TXHULHV�LQ�3LJ
/DWLQ�ZLOO�VDYH�\RX�WLPH�

7KLV�FKDSWHU�SURYLGHV�D�EDVLF�LQWURGXFWLRQ�WR�XVLQJ�3LJ��)RU�D�PRUH�GHWDLOHG�JXLGH��VHH
3URJUDPPLQJ�3LJ�E\�$ODQ�*DWHV��2¦5HLOO\��������

Installing and Running Pig
3LJ�UXQV�DV�D�FOLHQW�VLGH�DSSOLFDWLRQ��(YHQ�LI�\RX�ZDQW�WR�UXQ�3LJ�RQ�D�+DGRRS�FOXVWHU�
WKHUH� LV�QRWKLQJ�H[WUD�WR� LQVWDOO�RQ�WKH�FOXVWHU��3LJ� ODXQFKHV� MREV�DQG� LQWHUDFWV�ZLWK
+')6��RU�RWKHU�+DGRRS�ILOHV\VWHPV��IURP�\RXU�ZRUNVWDWLRQ�

,QVWDOODWLRQ�LV�VWUDLJKWIRUZDUG��-DYD���LV�D�SUHUHTXLVLWH��DQG�RQ�:LQGRZV��\RX�ZLOO�QHHG
&\JZLQ���'RZQORDG�D�VWDEOH�UHOHDVH�IURP�KWWS���SLJ�DSDFKH�RUJ�UHOHDVHV�KWPO��DQG�XQ�
SDFN�WKH�WDUEDOO�LQ�D�VXLWDEOH�SODFH�RQ�\RXU�ZRUNVWDWLRQ�

% tar xzf pig-x.y.z.tar.gz

,W¦V�FRQYHQLHQW�WR�DGG�3LJ¦V�ELQDU\�GLUHFWRU\�WR�\RXU�FRPPDQG�OLQH�SDWK��)RU�H[DPSOH�

% export PIG_INSTALL=/home/tom/pig-x.y.z
% export PATH=$PATH:$PIG_INSTALL/bin

<RX�DOVR�QHHG�WR�VHW�WKH�JAVA_HOME�HQYLURQPHQW�YDULDEOH�WR�SRLQW�WR�D�VXLWDEOH�-DYD
LQVWDOODWLRQ�

7U\�W\SLQJ�pig -help�WR�JHW�XVDJH�LQVWUXFWLRQV�

Execution Types
3LJ�KDV�WZR�H[HFXWLRQ�W\SHV�RU�PRGHV��ORFDO�PRGH�DQG�0DS5HGXFH�PRGH�
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Local mode
,Q�ORFDO�PRGH��3LJ�UXQV�LQ�D�VLQJOH�-90�DQG�DFFHVVHV�WKH�ORFDO�ILOHV\VWHP��7KLV�PRGH�LV
VXLWDEOH�RQO\�IRU�VPDOO�GDWDVHWV�DQG�ZKHQ�WU\LQJ�RXW�3LJ�

7KH�H[HFXWLRQ�W\SH�LV�VHW�XVLQJ�WKH�-x�RU�-exectype�RSWLRQ��7R�UXQ�LQ�ORFDO�PRGH��VHW
WKH�RSWLRQ�WR�local�

% pig -x local
grunt> 

7KLV�VWDUWV�*UXQW��WKH�3LJ�LQWHUDFWLYH�VKHOO��ZKLFK�LV�GLVFXVVHG�LQ�PRUH�GHWDLO�VKRUWO\�

MapReduce mode
,Q�0DS5HGXFH�PRGH��3LJ�WUDQVODWHV�TXHULHV�LQWR�0DS5HGXFH�MREV�DQG�UXQV�WKHP�RQ�D
+DGRRS�FOXVWHU��7KH�FOXVWHU�PD\�EH�D�SVHXGR��RU�IXOO\�GLVWULEXWHG�FOXVWHU��0DS5HGXFH
PRGH��ZLWK�D�IXOO\�GLVWULEXWHG�FOXVWHU��LV�ZKDW�\RX�XVH�ZKHQ�\RX�ZDQW�WR�UXQ�3LJ�RQ
ODUJH�GDWDVHWV�

7R�XVH�0DS5HGXFH�PRGH��\RX�ILUVW�QHHG�WR�FKHFN�WKDW�WKH�YHUVLRQ�RI�3LJ�\RX�GRZQ�
ORDGHG�LV�FRPSDWLEOH�ZLWK�WKH�YHUVLRQ�RI�+DGRRS�\RX�DUH�XVLQJ��3LJ�UHOHDVHV�ZLOO�RQO\
ZRUN�DJDLQVW�SDUWLFXODU�YHUVLRQV�RI�+DGRRS��WKLV�LV�GRFXPHQWHG�LQ�WKH�UHOHDVH�QRWHV�

3LJ�KRQRUV�WKH�HADOOP_HOME�HQYLURQPHQW�YDULDEOH�IRU�ILQGLQJ�ZKLFK�+DGRRS�FOLHQW�WR
UXQ��+RZHYHU��LI�LW�LV�QRW�VHW��3LJ�ZLOO�XVH�D�EXQGOHG�FRS\�RI�WKH�+DGRRS�OLEUDULHV��1RWH
WKDW�WKHVH�PD\�QRW�PDWFK�WKH�YHUVLRQ�RI�+DGRRS�UXQQLQJ�RQ�\RXU�FOXVWHU��VR�LW�LV�EHVW
WR�H[SOLFLWO\�VHW�HADOOP_HOME�

1H[W��\RX�QHHG�WR�SRLQW�3LJ�DW�WKH�FOXVWHU¦V�QDPHQRGH�DQG�MREWUDFNHU��,I�WKH�LQVWDOODWLRQ
RI�+DGRRS�DW�HADOOP_HOME�LV�DOUHDG\�FRQILJXUHG�IRU�WKLV��WKHQ�WKHUH�LV�QRWKLQJ�PRUH�WR
GR��2WKHUZLVH��\RX�FDQ�VHW�HADOOP_CONF_DIR�WR�D�GLUHFWRU\�FRQWDLQLQJ�WKH�+DGRRS�VLWH
ILOH��RU�ILOHV��WKDW�GHILQH�fs.default.name�DQG�mapred.job.tracker�

$OWHUQDWLYHO\��\RX�FDQ�VHW�WKHVH�WZR�SURSHUWLHV�LQ�WKH�SLJ�SURSHUWLHV� ILOH� LQ�3LJ¦V�FRQI
GLUHFWRU\��RU�WKH�GLUHFWRU\�VSHFLILHG�E\�PIG_CONF_DIR���+HUH¦V�DQ�H[DPSOH�IRU�D�SVHXGR�
GLVWULEXWHG�VHWXS�

fs.default.name=hdfs://localhost/
mapred.job.tracker=localhost:8021

2QFH�\RX�KDYH�FRQILJXUHG�3LJ�WR�FRQQHFW�WR�D�+DGRRS�FOXVWHU��\RX�FDQ�ODXQFK�3LJ�
VHWWLQJ�WKH�-x�RSWLRQ�WR�mapreduce�RU�RPLWWLQJ�LW�HQWLUHO\��DV�0DS5HGXFH�PRGH�LV�WKH
GHIDXOW�

% pig
2012-01-18 20:23:05,764 [main] INFO  org.apache.pig.Main - Logging error message
s to: /private/tmp/pig_1326946985762.log
2012-01-18 20:23:06,009 [main] INFO  org.apache.pig.backend.hadoop.executionengi
ne.HExecutionEngine - Connecting to hadoop file system at: hdfs://localhost/
2012-01-18 20:23:06,274 [main] INFO  org.apache.pig.backend.hadoop.executionengi
ne.HExecutionEngine - Connecting to map-reduce job tracker at: localhost:8021
grunt> 
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$V�\RX�FDQ�VHH�IURP�WKH�RXWSXW��3LJ�UHSRUWV�WKH�ILOHV\VWHP�DQG�MREWUDFNHU�WKDW�LW�KDV
FRQQHFWHG�WR�

Running Pig Programs
7KHUH�DUH�WKUHH�ZD\V�RI�H[HFXWLQJ�3LJ�SURJUDPV��DOO�RI�ZKLFK�ZRUN�LQ�ERWK�ORFDO�DQG
0DS5HGXFH�PRGH�

6FULSW
3LJ� FDQ� UXQ� D� VFULSW� ILOH� WKDW� FRQWDLQV� 3LJ� FRPPDQGV�� )RU� H[DPSOH�� pig�
script.pig�UXQV�WKH�FRPPDQGV�LQ�WKH�ORFDO�ILOH�VFULSW�SLJ��$OWHUQDWLYHO\��IRU�YHU\
VKRUW�VFULSWV��\RX�FDQ�XVH�WKH�-e�RSWLRQ�WR�UXQ�D�VFULSW�VSHFLILHG�DV�D�VWULQJ�RQ�WKH
FRPPDQG�OLQH�

*UXQW
*UXQW�LV�DQ�LQWHUDFWLYH�VKHOO�IRU�UXQQLQJ�3LJ�FRPPDQGV��*UXQW�LV�VWDUWHG�ZKHQ�QR
ILOH�LV�VSHFLILHG�IRU�3LJ�WR�UXQ�DQG�WKH�-e�RSWLRQ�LV�QRW�XVHG��,W�LV�DOVR�SRVVLEOH�WR�UXQ
3LJ�VFULSWV�IURP�ZLWKLQ�*UXQW�XVLQJ�run�DQG�exec�

(PEHGGHG
<RX�FDQ�UXQ�3LJ�SURJUDPV�IURP�-DYD�XVLQJ�WKH�PigServer�FODVV��PXFK�OLNH�\RX�FDQ
XVH�-'%&�WR�UXQ�64/�SURJUDPV�IURP�-DYD��)RU�SURJUDPPDWLF�DFFHVV�WR�*UXQW��XVH�
PigRunner�

Grunt
*UXQW�KDV�OLQH�HGLWLQJ�IDFLOLWLHV�OLNH�WKRVH�IRXQG�LQ�*18�5HDGOLQH��XVHG�LQ�WKH�EDVK
VKHOO�DQG�PDQ\�RWKHU�FRPPDQG�OLQH�DSSOLFDWLRQV���)RU�LQVWDQFH��WKH�&WUO�(�NH\�FRP�
ELQDWLRQ�ZLOO�PRYH�WKH�FXUVRU�WR�WKH�HQG�RI�WKH�OLQH��*UXQW�UHPHPEHUV�FRPPDQG�KLV�
WRU\�� WRR���DQG�\RX�FDQ�UHFDOO� OLQHV� LQ� WKH�KLVWRU\�EXIIHU�XVLQJ�&WUO�3�RU�&WUO�1��IRU
SUHYLRXV�DQG�QH[W��RU��HTXLYDOHQWO\��WKH�XS�RU�GRZQ�FXUVRU�NH\V�

$QRWKHU�KDQG\�IHDWXUH�LV�*UXQW¦V�FRPSOHWLRQ�PHFKDQLVP��ZKLFK�ZLOO�WU\�WR�FRPSOHWH
3LJ�/DWLQ�NH\ZRUGV�DQG�IXQFWLRQV�ZKHQ�\RX�SUHVV�WKH�7DE�NH\��)RU�H[DPSOH��FRQVLGHU
WKH�IROORZLQJ�LQFRPSOHWH�OLQH�

        grunt> a = foreach b ge

,I�\RX�SUHVV�WKH�7DE�NH\�DW�WKLV�SRLQW��ge�ZLOO�H[SDQG�WR�generate��D�3LJ�/DWLQ�NH\ZRUG�

        grunt> a = foreach b generate

<RX�FDQ�FXVWRPL]H�WKH�FRPSOHWLRQ�WRNHQV�E\�FUHDWLQJ�D�ILOH�QDPHG�DXWRFRPSOHWH�DQG
SODFLQJ�LW�RQ�3LJ¦V�FODVVSDWK��VXFK�DV�LQ�WKH�FRQI�GLUHFWRU\�LQ�3LJ¦V�LQVWDOO�GLUHFWRU\��RU
LQ�WKH�GLUHFWRU\�\RX�LQYRNHG�*UXQW�IURP��7KH�ILOH�VKRXOG�KDYH�RQH�WRNHQ�SHU�OLQH��DQG
WRNHQV�PXVW�QRW�FRQWDLQ�DQ\�ZKLWHVSDFH��0DWFKLQJ� LV� FDVH�VHQVLWLYH�� ,W� FDQ�EH�YHU\

�� +LVWRU\�LV�VWRUHG�LQ�D�ILOH�FDOOHG��SLJBKLVWRU\�LQ�\RXU�KRPH�GLUHFWRU\�
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KDQG\�WR�DGG�FRPPRQO\�XVHG�ILOH�SDWKV��HVSHFLDOO\�EHFDXVH�3LJ�GRHV�QRW�SHUIRUP�ILOH�
QDPH�FRPSOHWLRQ��RU�WKH�QDPHV�RI�DQ\�XVHU�GHILQHG�IXQFWLRQV�\RX�KDYH�FUHDWHG�

<RX�FDQ�JHW�D�OLVW�RI�FRPPDQGV�XVLQJ�WKH�help�FRPPDQG��:KHQ�\RX¦YH�ILQLVKHG�\RXU
*UXQW�VHVVLRQ��\RX�FDQ�H[LW�ZLWK�WKH�quit�FRPPDQG�

Pig Latin Editors
3LJ3HQ�LV�DQ�(FOLSVH�SOXJ�LQ�WKDW�SURYLGHV�DQ�HQYLURQPHQW�IRU�GHYHORSLQJ�3LJ�SURJUDPV�
,W� LQFOXGHV�D�3LJ� VFULSW� WH[W�HGLWRU��DQ�H[DPSOH�JHQHUDWRU� �HTXLYDOHQW� WR� WKH� ,//86�
75$7(�FRPPDQG���DQG�D�EXWWRQ�IRU�UXQQLQJ�WKH�VFULSW�RQ�D�+DGRRS�FOXVWHU��7KHUH�LV
DOVR�DQ�RSHUDWRU�JUDSK�ZLQGRZ��ZKLFK�VKRZV�D�VFULSW�LQ�JUDSK�IRUP��IRU�YLVXDOL]LQJ�WKH
GDWD�IORZ��)RU�IXOO�LQVWDOODWLRQ�DQG�XVDJH�LQVWUXFWLRQV��UHIHU�WR�WKH�3LJ�ZLNL�DW�KWWSV���
FZLNL�DSDFKH�RUJ�FRQIOXHQFH�GLVSOD\�3,*�3LJ7RROV�

7KHUH�DUH�DOVR�3LJ�/DWLQ�V\QWD[�KLJKOLJKWHUV�IRU�RWKHU�HGLWRUV��LQFOXGLQJ�9LP�DQG�7H[W�
0DWH��'HWDLOV�DUH�DYDLODEOH�RQ�WKH�3LJ�ZLNL�

An Example
/HW¦V� ORRN� DW� D� VLPSOH� H[DPSOH� E\�ZULWLQJ� WKH� SURJUDP� WR� FDOFXODWH� WKH�PD[LPXP
UHFRUGHG�WHPSHUDWXUH�E\�\HDU�IRU�WKH�ZHDWKHU�GDWDVHW�LQ�3LJ�/DWLQ��MXVW�OLNH�ZH�GLG�XVLQJ
0DS5HGXFH�LQ�&KDSWHU�����7KH�FRPSOHWH�SURJUDP�LV�RQO\�D�IHZ�OLQHV�ORQJ�

-- max_temp.pig: Finds the maximum temperature by year
records = LOAD 'input/ncdc/micro-tab/sample.txt'
  AS (year:chararray, temperature:int, quality:int);
filtered_records = FILTER records BY temperature != 9999 AND
  (quality == 0 OR quality == 1 OR quality == 4 OR quality == 5 OR quality == 9);
grouped_records = GROUP filtered_records BY year;
max_temp = FOREACH grouped_records GENERATE group,
  MAX(filtered_records.temperature);
DUMP max_temp;

7R�H[SORUH�ZKDW¦V�JRLQJ�RQ��ZH¦OO�XVH�3LJ¦V�*UXQW�LQWHUSUHWHU��ZKLFK�DOORZV�XV�WR�HQWHU
OLQHV�DQG�LQWHUDFW�ZLWK�WKH�SURJUDP�WR�XQGHUVWDQG�ZKDW�LW¦V�GRLQJ��6WDUW�XS�*UXQW�LQ
ORFDO�PRGH��DQG�WKHQ�HQWHU�WKH�ILUVW�OLQH�RI�WKH�3LJ�VFULSW�

grunt> records = LOAD 'input/ncdc/micro-tab/sample.txt'
>>   AS (year:chararray, temperature:int, quality:int);

)RU�VLPSOLFLW\��WKH�SURJUDP�DVVXPHV�WKDW�WKH�LQSXW�LV�WDE�GHOLPLWHG�WH[W��ZLWK�HDFK�OLQH
KDYLQJ�MXVW�\HDU��WHPSHUDWXUH��DQG�TXDOLW\�ILHOGV���3LJ�DFWXDOO\�KDV�PRUH�IOH[LELOLW\�WKDQ
WKLV�ZLWK�UHJDUG�WR�WKH�LQSXW�IRUPDWV�LW�DFFHSWV��DV�\RX¦OO�VHH�ODWHU���7KLV�OLQH�GHVFULEHV
WKH�LQSXW�GDWD�ZH�ZDQW�WR�SURFHVV��7KH�year:chararray�QRWDWLRQ�GHVFULEHV�WKH�ILHOG¦V
QDPH�DQG�W\SH��chararray�LV�OLNH�D�-DYD�VWULQJ��DQG�DQ�int�LV�OLNH�D�-DYD�int��7KH�/2$'
RSHUDWRU�WDNHV�D�85,�DUJXPHQW��KHUH�ZH�DUH�MXVW�XVLQJ�D�ORFDO�ILOH��EXW�ZH�FRXOG�UHIHU
WR�DQ�+')6�85,��7KH�$6�FODXVH��ZKLFK�LV�RSWLRQDO��JLYHV�WKH�ILHOGV�QDPHV�WR�PDNH�LW
FRQYHQLHQW�WR�UHIHU�WR�WKHP�LQ�VXEVHTXHQW�VWDWHPHQWV�
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7KH�UHVXOW�RI�WKH�/2$'�RSHUDWRU��DQG�LQGHHG�DQ\�RSHUDWRU�LQ�3LJ�/DWLQ��LV�D�UHODWLRQ�
ZKLFK�LV�MXVW�D�VHW�RI�WXSOHV��$�WXSOH�LV�MXVW�OLNH�D�URZ�RI�GDWD�LQ�D�GDWDEDVH�WDEOH��ZLWK
PXOWLSOH�ILHOGV�LQ�D�SDUWLFXODU�RUGHU��,Q�WKLV�H[DPSOH��WKH�/2$'�IXQFWLRQ�SURGXFHV�D
VHW�RI��\HDU��WHPSHUDWXUH��TXDOLW\��WXSOHV�WKDW�DUH�SUHVHQW�LQ�WKH�LQSXW�ILOH��:H�ZULWH�D
UHODWLRQ�ZLWK�RQH�WXSOH�SHU�OLQH��ZKHUH�WXSOHV�DUH�UHSUHVHQWHG�DV�FRPPD�VHSDUDWHG�LWHPV
LQ�SDUHQWKHVHV�

(1950,0,1)
(1950,22,1)
(1950,-11,1)
(1949,111,1)
����

5HODWLRQV�DUH�JLYHQ�QDPHV��RU�DOLDVHV��VR�WKH\�FDQ�EH�UHIHUUHG�WR��7KLV�UHODWLRQ�LV�JLYHQ
WKH�records�DOLDV��:H�FDQ�H[DPLQH�WKH�FRQWHQWV�RI�DQ�DOLDV�XVLQJ�WKH�'803�RSHUDWRU�

grunt> DUMP records;
(1950,0,1)
(1950,22,1)
(1950,-11,1)
(1949,111,1)
(1949,78,1)

:H� FDQ� DOVR� VHH� WKH� VWUXFWXUH� RI� D� UHODWLRQ¢WKH� UHODWLRQ¦V� VFKHPD¢XVLQJ� WKH
'(6&5,%(�RSHUDWRU�RQ�WKH�UHODWLRQ¦V�DOLDV�

grunt> DESCRIBE records;
records: {year: chararray,temperature: int,quality: int}

7KLV�WHOOV�XV�WKDW�records�KDV�WKUHH�ILHOGV��ZLWK�DOLDVHV�year��temperature��DQG�quality�
ZKLFK�DUH�WKH�QDPHV�ZH�JDYH�WKHP�LQ�WKH�$6�FODXVH��7KH�ILHOGV�KDYH�WKH�W\SHV�JLYHQ�WR
WKHP�LQ�WKH�$6�FODXVH��WRR��:H�H[DPLQH�W\SHV�LQ�3LJ�LQ�PRUH�GHWDLO�ODWHU�

7KH�VHFRQG�VWDWHPHQW�UHPRYHV�UHFRUGV�WKDW�KDYH�D�PLVVLQJ�WHPSHUDWXUH��LQGLFDWHG�E\
D�YDOXH�RI�������RU�DQ�XQVDWLVIDFWRU\�TXDOLW\�UHDGLQJ��)RU�WKLV�VPDOO�GDWDVHW��QR�UHFRUGV
DUH�ILOWHUHG�RXW�

grunt> filtered_records = FILTER records BY temperature != 9999 AND
>>   (quality == 0 OR quality == 1 OR quality == 4 OR quality == 5 OR quality == 9);
grunt> DUMP filtered_records;
(1950,0,1)
(1950,22,1)
(1950,-11,1)
(1949,111,1)
(1949,78,1)

7KH�WKLUG�VWDWHPHQW�XVHV�WKH�*5283�IXQFWLRQ�WR�JURXS�WKH�records�UHODWLRQ�E\�WKH
year�ILHOG��/HW¦V�XVH�'803�WR�VHH�ZKDW�LW�SURGXFHV�

grunt> grouped_records = GROUP filtered_records BY year;
grunt> DUMP grouped_records;
(1949,{(1949,111,1),(1949,78,1)})
(1950,{(1950,0,1),(1950,22,1),(1950,-11,1)})
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:H�QRZ�KDYH�WZR�URZV��RU�WXSOHV��RQH�IRU�HDFK�\HDU�LQ�WKH�LQSXW�GDWD��7KH�ILUVW�ILHOG�LQ
HDFK�WXSOH�LV�WKH�ILHOG�EHLQJ�JURXSHG�E\��WKH�\HDU���DQG�WKH�VHFRQG�ILHOG�LV�D�EDJ�RI�WXSOHV
IRU� WKDW�\HDU��$�EDJ� LV� MXVW�DQ�XQRUGHUHG�FROOHFWLRQ�RI� WXSOHV��ZKLFK� LQ�3LJ�/DWLQ� LV
UHSUHVHQWHG�XVLQJ�FXUO\�EUDFHV�

%\�JURXSLQJ�WKH�GDWD�LQ�WKLV�ZD\��ZH�KDYH�FUHDWHG�D�URZ�SHU�\HDU��VR�QRZ�DOO�WKDW�UHPDLQV
LV�WR�ILQG�WKH�PD[LPXP�WHPSHUDWXUH�IRU�WKH�WXSOHV�LQ�HDFK�EDJ��%HIRUH�ZH�GR�WKLV��OHW¦V
XQGHUVWDQG�WKH�VWUXFWXUH�RI�WKH�grouped_records�UHODWLRQ�

grunt> DESCRIBE grouped_records;
grouped_records: {group: chararray,filtered_records: {year: chararray,
temperature: int,quality: int}}

7KLV�WHOOV�XV�WKDW�WKH�JURXSLQJ�ILHOG�LV�JLYHQ�WKH�DOLDV�group�E\�3LJ��DQG�WKH�VHFRQG�ILHOG
LV�WKH�VDPH�VWUXFWXUH�DV�WKH�filtered_records�UHODWLRQ�WKDW�ZDV�EHLQJ�JURXSHG��:LWK
WKLV�LQIRUPDWLRQ��ZH�FDQ�WU\�WKH�IRXUWK�WUDQVIRUPDWLRQ�

grunt> max_temp = FOREACH grouped_records GENERATE group,
>>   MAX(filtered_records.temperature);

)25($&+�SURFHVVHV�HYHU\�URZ�WR�JHQHUDWH�D�GHULYHG�VHW�RI�URZV��XVLQJ�D�*(1(5$7(
FODXVH� WR� GHILQH� WKH� ILHOGV� LQ� HDFK� GHULYHG� URZ�� ,Q� WKLV� H[DPSOH�� WKH� ILUVW� ILHOG� LV
group�� ZKLFK� LV� MXVW� WKH� \HDU�� 7KH� VHFRQG� ILHOG� LV� D� OLWWOH� PRUH� FRPSOH[�
7KH� filtered_records.temperature� UHIHUHQFH� LV� WR� WKH� temperature� ILHOG� RI� WKH�
filtered_records� EDJ� LQ� WKH�grouped_records� UHODWLRQ��MAX� LV� D�EXLOW�LQ� IXQFWLRQ� IRU
FDOFXODWLQJ�WKH�PD[LPXP�YDOXH�RI�ILHOGV�LQ�D�EDJ��,Q�WKLV�FDVH��LW�FDOFXODWHV�WKH�PD[LPXP
WHPSHUDWXUH�IRU�WKH�ILHOGV�LQ�HDFK�filtered_records�EDJ��/HW¦V�FKHFN�WKH�UHVXOW�

grunt> DUMP max_temp;
(1949,111)
(1950,22)

6R�ZH¦YH�VXFFHVVIXOO\�FDOFXODWHG�WKH�PD[LPXP�WHPSHUDWXUH�IRU�HDFK�\HDU�

Generating Examples
,Q�WKLV�H[DPSOH��ZH¦YH�XVHG�D�VPDOO�VDPSOH�GDWDVHW�ZLWK�MXVW�D�KDQGIXO�RI�URZV�WR�PDNH
LW�HDVLHU�WR�IROORZ�WKH�GDWD�IORZ�DQG�DLG�GHEXJJLQJ��&UHDWLQJ�D�FXW�GRZQ�GDWDVHW�LV�DQ
DUW��DV�LGHDOO\�LW�VKRXOG�EH�ULFK�HQRXJK�WR�FRYHU�DOO�WKH�FDVHV�WR�H[HUFLVH�\RXU�TXHULHV
�WKH�FRPSOHWHQHVV�SURSHUW\���\HW�VPDOO�HQRXJK�WR�PDNH�VHQVH�WR�WKH�SURJUDPPHU��WKH�
FRQFLVHQHVV�SURSHUW\���8VLQJ�D�UDQGRP�VDPSOH�GRHVQ¦W�ZRUN�ZHOO�LQ�JHQHUDO�EHFDXVH
MRLQ�DQG� ILOWHU�RSHUDWLRQV� WHQG� WR� UHPRYH�DOO� UDQGRP�GDWD�� OHDYLQJ�DQ�HPSW\�UHVXOW�
ZKLFK�LV�QRW�LOOXVWUDWLYH�RI�WKH�JHQHUDO�GDWD�IORZ�

:LWK�WKH�,//8675$7(�RSHUDWRU��3LJ�SURYLGHV�D�WRRO�IRU�JHQHUDWLQJ�D�UHDVRQDEO\�FRP�
SOHWH� DQG� FRQFLVH� VDPSOH� GDWDVHW�� +HUH� LV� WKH� RXWSXW� IURP� UXQQLQJ� ,//8675$7(
�VOLJKWO\�UHIRUPDWWHG�WR�ILW�WKH�SDJH��
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grunt> ILLUSTRATE max_temp;
-------------------------------------------------------------------------------
| records     | year:chararray      | temperature:int      | quality:int      | 
-------------------------------------------------------------------------------
|             | 1949                | 78                   | 1                | 
|             | 1949                | 111                  | 1                | 
|             | 1949                | 9999                 | 1                | 
-------------------------------------------------------------------------------
---------------------------------------------------------------------------------
| filtered_records   | year:chararray    | temperature:int    | quality:int     | 
---------------------------------------------------------------------------------
|                    | 1949              | 78                 | 1               | 
|                    | 1949              | 111                | 1               | 
---------------------------------------------------------------------------------
--------------------------------------------------------------------------------------
| grouped_records  | group:chararray   | filtered_records:bag{:tuple(year:chararray, |
                                                       temperature:int,quality:int)} |
--------------------------------------------------------------------------------------
|                  | 1949              | {(1949, 78, 1), (1949, 111, 1)}             |
--------------------------------------------------------------------------------------
---------------------------------------------------
| max_temp     | group:chararray      | :int      | 
---------------------------------------------------
|              | 1949                 | 111       | 
---------------------------------------------------

1RWLFH�WKDW�3LJ�XVHG�VRPH�RI�WKH�RULJLQDO�GDWD��WKLV�LV�LPSRUWDQW�WR�NHHS�WKH�JHQHUDWHG
GDWDVHW�UHDOLVWLF���DV�ZHOO�DV�FUHDWLQJ�VRPH�QHZ�GDWD��,W�QRWLFHG�WKH�VSHFLDO�YDOXH�����
LQ�WKH�TXHU\�DQG�FUHDWHG�D�WXSOH�FRQWDLQLQJ�WKLV�YDOXH�WR�H[HUFLVH�WKH�),/7(5�VWDWHPHQW�

,Q�VXPPDU\��WKH�RXWSXW�RI�WKH�,//8675$7(�LV�HDV\�WR�IROORZ�DQG�FDQ�KHOS�\RX�XQ�
GHUVWDQG�ZKDW�\RXU�TXHU\�LV�GRLQJ�

Comparison with Databases
+DYLQJ�VHHQ�3LJ�LQ�DFWLRQ��LW�PLJKW�VHHP�WKDW�3LJ�/DWLQ�LV�VLPLODU�WR�64/��7KH�SUHVHQFH
RI�VXFK�RSHUDWRUV�DV�*5283�%<�DQG�'(6&5,%(�UHLQIRUFHV�WKLV�LPSUHVVLRQ��+RZHYHU�
WKHUH�DUH�VHYHUDO�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�ODQJXDJHV��DQG�EHWZHHQ�3LJ�DQG�UHODWLRQDO
GDWDEDVH�PDQDJHPHQW�V\VWHPV��5'%06V��LQ�JHQHUDO�

7KH�PRVW�VLJQLILFDQW�GLIIHUHQFH�LV�WKDW�3LJ�/DWLQ�LV�D�GDWD�IORZ�SURJUDPPLQJ�ODQJXDJH�
ZKHUHDV�64/�LV�D�GHFODUDWLYH�SURJUDPPLQJ�ODQJXDJH��,Q�RWKHU�ZRUGV��D�3LJ�/DWLQ�SUR�
JUDP�LV�D�VWHS�E\�VWHS�VHW�RI�RSHUDWLRQV�RQ�DQ�LQSXW�UHODWLRQ��LQ�ZKLFK�HDFK�VWHS�LV�D
VLQJOH�WUDQVIRUPDWLRQ��%\�FRQWUDVW��64/�VWDWHPHQWV�DUH�D�VHW�RI�FRQVWUDLQWV�WKDW��WDNHQ
WRJHWKHU��GHILQH�WKH�RXWSXW��,Q�PDQ\�ZD\V��SURJUDPPLQJ�LQ�3LJ�/DWLQ�LV�OLNH�ZRUNLQJ
DW�WKH�OHYHO�RI�DQ�5'%06�TXHU\�SODQQHU��ZKLFK�ILJXUHV�RXW�KRZ�WR�WXUQ�D�GHFODUDWLYH
VWDWHPHQW�LQWR�D�V\VWHP�RI�VWHSV�

5'%06V�VWRUH�GDWD�LQ�WDEOHV��ZLWK�WLJKWO\�SUHGHILQHG�VFKHPDV��3LJ�LV�PRUH�UHOD[HG�DERXW
WKH�GDWD�WKDW�LW�SURFHVVHV��\RX�FDQ�GHILQH�D�VFKHPD�DW�UXQWLPH��EXW�LW¦V�RSWLRQDO��(V�
VHQWLDOO\��LW�ZLOO�RSHUDWH�RQ�DQ\�VRXUFH�RI�WXSOHV��DOWKRXJK�WKH�VRXUFH�VKRXOG�VXSSRUW
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EHLQJ�UHDG�LQ�SDUDOOHO��E\�EHLQJ�LQ�PXOWLSOH�ILOHV��IRU�H[DPSOH���ZKHUH�D�8')�LV�XVHG�WR
UHDG�WKH�WXSOHV�IURP�WKHLU�UDZ�UHSUHVHQWDWLRQ���7KH�PRVW�FRPPRQ�UHSUHVHQWDWLRQ�LV�D
WH[W� ILOH�ZLWK� WDE�VHSDUDWHG� ILHOGV��DQG�3LJ�SURYLGHV�D�EXLOW�LQ� ORDG� IXQFWLRQ� IRU� WKLV
IRUPDW��8QOLNH�D�WUDGLWLRQDO�GDWDEDVH��WKHUH�LV�QR�GDWD�LPSRUW�SURFHVV�WR�ORDG�WKH�GDWD
LQWR�WKH�5'%06��7KH�GDWD�LV�ORDGHG�IURP�WKH�ILOHV\VWHP��XVXDOO\�+')6��DV�WKH�ILUVW�VWHS
LQ�WKH�SURFHVVLQJ�

3LJ¦V� VXSSRUW� IRU�FRPSOH[��QHVWHG�GDWD�VWUXFWXUHV�GLIIHUHQWLDWHV� LW� IURP�64/��ZKLFK
RSHUDWHV�RQ�IODWWHU�GDWD�VWUXFWXUHV��$OVR��3LJ¦V�DELOLW\�WR�XVH�8')V�DQG�VWUHDPLQJ�RSHU�
DWRUV� WKDW� DUH� WLJKWO\� LQWHJUDWHG�ZLWK� WKH� ODQJXDJH� DQG�3LJ¦V� QHVWHG�GDWD� VWUXFWXUHV
PDNHV�3LJ�/DWLQ�PRUH�FXVWRPL]DEOH�WKDQ�PRVW�64/�GLDOHFWV�

5'%06V�KDYH�VHYHUDO�IHDWXUHV�WR�VXSSRUW�RQOLQH��ORZ�ODWHQF\�TXHULHV��VXFK�DV�WUDQVDF�
WLRQV�DQG�LQGH[HV��WKDW�DUH�DEVHQW�LQ�3LJ��$V�PHQWLRQHG�HDUOLHU��3LJ�GRHV�QRW�VXSSRUW
UDQGRP�UHDGV�RU�TXHULHV�LQ�WKH�RUGHU�RI�WHQV�RI�PLOOLVHFRQGV��1RU�GRHV�LW�VXSSRUW�UDQ�
GRP�ZULWHV�WR�XSGDWH�VPDOO�SRUWLRQV�RI�GDWD��DOO�ZULWHV�DUH�EXON�VWUHDPLQJ�ZULWHV��MXVW
OLNH�0DS5HGXFH�

+LYH��FRYHUHG�LQ�&KDSWHU�����VLWV�EHWZHHQ�3LJ�DQG�FRQYHQWLRQDO�5'%06V��/LNH�3LJ�
+LYH� LV�GHVLJQHG�WR�XVH�+')6�IRU�VWRUDJH��EXW�RWKHUZLVH� WKHUH�DUH�VRPH�VLJQLILFDQW
GLIIHUHQFHV��,WV�TXHU\�ODQJXDJH��+LYH4/��LV�EDVHG�RQ�64/��DQG�DQ\RQH�ZKR�LV�IDPLOLDU
ZLWK�64/�ZRXOG�KDYH�OLWWOH�WURXEOH�ZULWLQJ�TXHULHV�LQ�+LYH4/��/LNH�5'%06V��+LYH
PDQGDWHV�WKDW�DOO�GDWD�EH�VWRUHG�LQ�WDEOHV��ZLWK�D�VFKHPD�XQGHU�LWV�PDQDJHPHQW��KRZ�
HYHU�� LW� FDQ� DVVRFLDWH� D� VFKHPD�ZLWK� SUHH[LVWLQJ� GDWD� LQ�+')6�� VR� WKH� ORDG� VWHS� LV
RSWLRQDO��+LYH�GRHV�QRW�VXSSRUW�ORZ�ODWHQF\�TXHULHV��D�FKDUDFWHULVWLF�LW�VKDUHV�ZLWK�3LJ�

Pig Latin
7KLV�VHFWLRQ�JLYHV�DQ�LQIRUPDO�GHVFULSWLRQ�RI�WKH�V\QWD[�DQG�VHPDQWLFV�RI�WKH�3LJ�/DWLQ
SURJUDPPLQJ� ODQJXDJH��� ,W� LV� QRW� PHDQW� WR� RIIHU� D� FRPSOHWH� UHIHUHQFH� WR� WKH
ODQJXDJH���EXW�WKHUH�VKRXOG�EH�HQRXJK�KHUH�IRU�\RX�WR�JHW�D�JRRG�XQGHUVWDQGLQJ�RI�3LJ
/DWLQ¦V�FRQVWUXFWV�

�� 2U�DV�WKH�3LJ�3KLORVRSK\�KDV�LW��£3LJV�HDW�DQ\WKLQJ�¤

�� 1RW�WR�EH�FRQIXVHG�ZLWK�3LJ�/DWLQ��WKH�ODQJXDJH�JDPH��(QJOLVK�ZRUGV�DUH�WUDQVODWHG�LQWR�3LJ�/DWLQ�E\
PRYLQJ�WKH�LQLWLDO�FRQVRQDQW�VRXQG�WR�WKH�HQG�RI�WKH�ZRUG�DQG�DGGLQJ�DQ�£D\¤�VRXQG��)RU�H[DPSOH��£SLJ¤
EHFRPHV�£LJ�SD\�¤�DQG�£+DGRRS¤�EHFRPHV�£$GRRS�KD\�¤

�� 3LJ�/DWLQ�GRHV�QRW�KDYH�D�IRUPDO�ODQJXDJH�GHILQLWLRQ�DV�VXFK��EXW�WKHUH�LV�D�FRPSUHKHQVLYH�JXLGH�WR�WKH
ODQJXDJH�WKDW�\RX�FDQ�ILQG�WKURXJK�D�OLQN�RQ�WKH�3LJ�ZHEVLWH�DW�KWWS���SLJ�DSDFKH�RUJ��
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Structure
$�3LJ�/DWLQ�SURJUDP�FRQVLVWV�RI�D�FROOHFWLRQ�RI�VWDWHPHQWV��$�VWDWHPHQW�FDQ�EH�WKRXJKW
RI�DV�DQ�RSHUDWLRQ�RU�D�FRPPDQG���)RU�H[DPSOH��D�*5283�RSHUDWLRQ�LV�D�W\SH�RI�VWDWH�
PHQW�

grouped_records = GROUP records BY year;

7KH�FRPPDQG�WR�OLVW�WKH�ILOHV�LQ�D�+DGRRS�ILOHV\VWHP�LV�DQRWKHU�H[DPSOH�RI�D�VWDWHPHQW�

ls /

6WDWHPHQWV�DUH�XVXDOO\�WHUPLQDWHG�ZLWK�D�VHPLFRORQ��DV�LQ�WKH�H[DPSOH�RI�WKH�*5283
VWDWHPHQW��,Q�IDFW��WKLV�LV�DQ�H[DPSOH�RI�D�VWDWHPHQW�WKDW�PXVW�EH�WHUPLQDWHG�ZLWK�D
VHPLFRORQ��LW�LV�D�V\QWD[�HUURU�WR�RPLW�LW��7KH�ls�FRPPDQG��RQ�WKH�RWKHU�KDQG��GRHV�QRW
KDYH�WR�EH�WHUPLQDWHG�ZLWK�D�VHPLFRORQ��$V�D�JHQHUDO�JXLGHOLQH��VWDWHPHQWV�RU�FRP�
PDQGV�IRU�LQWHUDFWLYH�XVH�LQ�*UXQW�GR�QRW�QHHG�WKH�WHUPLQDWLQJ�VHPLFRORQ��7KLV�JURXS
LQFOXGHV�WKH�LQWHUDFWLYH�+DGRRS�FRPPDQGV��DV�ZHOO�DV�WKH�GLDJQRVWLF�RSHUDWRUV�VXFK
DV�'(6&5,%(��,W¦V�QHYHU�DQ�HUURU�WR�DGG�D�WHUPLQDWLQJ�VHPLFRORQ��VR�LI�LQ�GRXEW��LW¦V
VLPSOHVW�WR�DGG�RQH�

6WDWHPHQWV�WKDW�KDYH�WR�EH�WHUPLQDWHG�ZLWK�D�VHPLFRORQ�FDQ�EH�VSOLW�DFURVV�PXOWLSOH
OLQHV�IRU�UHDGDELOLW\�

records = LOAD 'input/ncdc/micro-tab/sample.txt'
  AS (year:chararray, temperature:int, quality:int);

3LJ� /DWLQ� KDV� WZR� IRUPV� RI� FRPPHQWV�� 'RXEOH� K\SKHQV� DUH� VLQJOH�OLQH� FRPPHQWV�
(YHU\WKLQJ� IURP� WKH� ILUVW�K\SKHQ� WR� WKH� HQG�RI� WKH� OLQH� LV� LJQRUHG�E\� WKH�3LJ�/DWLQ
LQWHUSUHWHU�

-- My program
DUMP A; -- What's in A?

&�VW\OH�FRPPHQWV�DUH�PRUH�IOH[LEOH�VLQFH�WKH\�GHOLPLW�WKH�EHJLQQLQJ�DQG�HQG�RI�WKH
FRPPHQW�EORFN�ZLWK�/*�DQG�*/�PDUNHUV��7KH\�FDQ�VSDQ�OLQHV�RU�EH�HPEHGGHG�LQ�D�VLQJOH
OLQH�

/* 
 * Description of my program spanning
 * multiple lines.
 */
A = LOAD 'input/pig/join/A';
B = LOAD 'input/pig/join/B';
C = JOIN A BY $0, /* ignored */ B BY $1;
DUMP C;

3LJ�/DWLQ�KDV�D�OLVW�RI�NH\ZRUGV�WKDW�KDYH�D�VSHFLDO�PHDQLQJ�LQ�WKH�ODQJXDJH�DQG�FDQQRW
EH�XVHG�DV�LGHQWLILHUV��7KHVH�LQFOXGH�WKH�RSHUDWRUV��/2$'��,//8675$7(���FRPPDQGV

�� <RX�VRPHWLPHV�VHH�WKHVH�WHUPV�EHLQJ�XVHG�LQWHUFKDQJHDEO\�LQ�GRFXPHQWDWLRQ�RQ�3LJ�/DWLQ��IRU�H[DPSOH�
£*5283�FRPPDQG��¤�£*5283�RSHUDWLRQ�¤�£*5283�VWDWHPHQW�¤
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�cat��ls���H[SUHVVLRQV��matches��FLATTEN���DQG�IXQFWLRQV��DIFF��MAX�¢DOO�RI�ZKLFK�DUH
FRYHUHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

3LJ�/DWLQ�KDV�PL[HG�UXOHV�RQ�FDVH�VHQVLWLYLW\��2SHUDWRUV�DQG�FRPPDQGV�DUH�QRW�FDVH�
VHQVLWLYH��WR�PDNH�LQWHUDFWLYH�XVH�PRUH�IRUJLYLQJ���KRZHYHU��DOLDVHV�DQG�IXQFWLRQ�QDPHV
DUH�FDVH�VHQVLWLYH�

Statements
$V�D�3LJ�/DWLQ�SURJUDP�LV�H[HFXWHG��HDFK�VWDWHPHQW�LV�SDUVHG�LQ�WXUQ��,I�WKHUH�DUH�V\QWD[
HUURUV�RU�RWKHU��VHPDQWLF��SUREOHPV��VXFK�DV�XQGHILQHG�DOLDVHV��WKH�LQWHUSUHWHU�ZLOO�KDOW
DQG�GLVSOD\�DQ�HUURU�PHVVDJH��7KH�LQWHUSUHWHU�EXLOGV�D�ORJLFDO�SODQ�IRU�HYHU\�UHODWLRQDO
RSHUDWLRQ��ZKLFK�IRUPV�WKH�FRUH�RI�D�3LJ�/DWLQ�SURJUDP��7KH�ORJLFDO�SODQ�IRU�WKH�VWDWH�
PHQW�LV�DGGHG�WR�WKH�ORJLFDO�SODQ�IRU�WKH�SURJUDP�VR�IDU��DQG�WKHQ�WKH�LQWHUSUHWHU�PRYHV
RQ�WR�WKH�QH[W�VWDWHPHQW�

,W¦V�LPSRUWDQW�WR�QRWH�WKDW�QR�GDWD�SURFHVVLQJ�WDNHV�SODFH�ZKLOH�WKH�ORJLFDO�SODQ�RI�WKH
SURJUDP�LV�EHLQJ�FRQVWUXFWHG��)RU�H[DPSOH��FRQVLGHU�DJDLQ�WKH�3LJ�/DWLQ�SURJUDP�IURP
WKH�ILUVW�H[DPSOH�

-- max_temp.pig: Finds the maximum temperature by year
records = LOAD 'input/ncdc/micro-tab/sample.txt'
  AS (year:chararray, temperature:int, quality:int);
filtered_records = FILTER records BY temperature != 9999 AND
  (quality == 0 OR quality == 1 OR quality == 4 OR quality == 5 OR quality == 9);
grouped_records = GROUP filtered_records BY year;
max_temp = FOREACH grouped_records GENERATE group,
  MAX(filtered_records.temperature);
DUMP max_temp;

:KHQ�WKH�3LJ�/DWLQ�LQWHUSUHWHU�VHHV�WKH�ILUVW�OLQH�FRQWDLQLQJ�WKH�/2$'�VWDWHPHQW��LW
FRQILUPV�WKDW�LW�LV�V\QWDFWLFDOO\�DQG�VHPDQWLFDOO\�FRUUHFW��DQG�DGGV�LW�WR�WKH�ORJLFDO�SODQ�
EXW�LW�GRHV�QRW�ORDG�WKH�GDWD�IURP�WKH�ILOH��RU�HYHQ�FKHFN�ZKHWKHU�WKH�ILOH�H[LVWV���,QGHHG�
ZKHUH�ZRXOG�LW�ORDG�LW"�,QWR�PHPRU\"�(YHQ�LI�LW�GLG�ILW�LQWR�PHPRU\��ZKDW�ZRXOG�LW�GR
ZLWK�WKH�GDWD"�3HUKDSV�QRW�DOO�WKH�LQSXW�GDWD�LV�QHHGHG��EHFDXVH�ODWHU�VWDWHPHQWV�ILOWHU
LW��IRU�H[DPSOH���VR�LW�ZRXOG�EH�SRLQWOHVV�WR�ORDG�LW��7KH�SRLQW�LV�WKDW�LW�PDNHV�QR�VHQVH
WR� VWDUW� DQ\� SURFHVVLQJ� XQWLO� WKH�ZKROH� IORZ� LV� GHILQHG�� 6LPLODUO\�� 3LJ� YDOLGDWHV� WKH
*5283�DQG�)25($&+���*(1(5$7(�VWDWHPHQWV��DQG�DGGV�WKHP�WR�WKH�ORJLFDO�SODQ
ZLWKRXW�H[HFXWLQJ�WKHP��7KH�WULJJHU�IRU�3LJ�WR�VWDUW�H[HFXWLRQ�LV�WKH�'803�VWDWHPHQW�
$W�WKDW�SRLQW��WKH�ORJLFDO�SODQ�LV�FRPSLOHG�LQWR�D�SK\VLFDO�SODQ�DQG�H[HFXWHG�

Multiquery Execution
%HFDXVH�'803�LV�D�GLDJQRVWLF� WRRO�� LW�ZLOO�DOZD\V� WULJJHU�H[HFXWLRQ��+RZHYHU�� WKH�
6725(�FRPPDQG�LV�GLIIHUHQW��,Q�LQWHUDFWLYH�PRGH��6725(�DFWV�OLNH�'803�DQG�ZLOO
DOZD\V�WULJJHU�H[HFXWLRQ��WKLV�LQFOXGHV�WKH�run�FRPPDQG���EXW�LQ�EDWFK�PRGH�LW�ZLOO�QRW
�WKLV�LQFOXGHV�WKH�exec�FRPPDQG���7KH�UHDVRQ�IRU�WKLV�LV�HIILFLHQF\��,Q�EDWFK�PRGH��3LJ
ZLOO�SDUVH�WKH�ZKROH�VFULSW�WR�VHH�ZKHWKHU�WKHUH�DUH�DQ\�RSWLPL]DWLRQV�WKDW�FRXOG�EH
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PDGH� WR� OLPLW� WKH�DPRXQW�RI�GDWD� WR�EH�ZULWWHQ� WR�RU� UHDG� IURP�GLVN��&RQVLGHU� WKH
IROORZLQJ�VLPSOH�H[DPSOH�

A = LOAD 'input/pig/multiquery/A';
B = FILTER A BY $1 == 'banana';
C = FILTER A BY $1 != 'banana';
STORE B INTO 'output/b';
STORE C INTO 'output/c';

5HODWLRQV�%�DQG�&�DUH�ERWK�GHULYHG�IURP�$��VR�WR�VDYH�UHDGLQJ�$�WZLFH��3LJ�FDQ�UXQ�WKLV
VFULSW�DV�D�VLQJOH�0DS5HGXFH�MRE�E\�UHDGLQJ�$�RQFH�DQG�ZULWLQJ�WZR�RXWSXW�ILOHV�IURP
WKH�MRE��RQH�IRU�HDFK�RI�%�DQG�&��7KLV�IHDWXUH�LV�FDOOHG�PXOWLTXHU\�H[HFXWLRQ�

,Q�SUHYLRXV�YHUVLRQV�RI�3LJ�WKDW�GLG�QRW�KDYH�PXOWLTXHU\�H[HFXWLRQ��HDFK�6725(�VWDWH�
PHQW�LQ�D�VFULSW�UXQ�LQ�EDWFK�PRGH�WULJJHUHG�H[HFXWLRQ��UHVXOWLQJ�LQ�D� MRE�IRU�HDFK�
6725(�VWDWHPHQW��,W�LV�SRVVLEOH�WR�UHVWRUH�WKH�ROG�EHKDYLRU�E\�GLVDEOLQJ�PXOWLTXHU\
H[HFXWLRQ�ZLWK�WKH�-M�RU�-no_multiquery�RSWLRQ�WR�pig�

7KH�SK\VLFDO�SODQ�WKDW�3LJ�SUHSDUHV�LV�D�VHULHV�RI�0DS5HGXFH�MREV��ZKLFK�LQ�ORFDO�PRGH
3LJ�UXQV�LQ�WKH�ORFDO�-90��DQG�LQ�0DS5HGXFH�PRGH�3LJ�UXQV�RQ�D�+DGRRS�FOXVWHU�

<RX�FDQ� VHH� WKH� ORJLFDO� DQG�SK\VLFDO�SODQV�FUHDWHG�E\�3LJ�XVLQJ� WKH�
EXPLAIN�FRPPDQG�RQ�D�UHODWLRQ��EXPLAIN max_temp;�IRU�H[DPSOH��

(;3/$,1�ZLOO�DOVR�VKRZ�WKH�0DS5HGXFH�SODQ��ZKLFK�VKRZV�KRZ�WKH
SK\VLFDO�RSHUDWRUV�DUH�JURXSHG�LQWR�0DS5HGXFH� MREV��7KLV� LV�D�JRRG
ZD\�WR�ILQG�RXW�KRZ�PDQ\�0DS5HGXFH�MREV�3LJ�ZLOO�UXQ�IRU�\RXU�TXHU\�

7KH�UHODWLRQDO�RSHUDWRUV�WKDW�FDQ�EH�D�SDUW�RI�D�ORJLFDO�SODQ�LQ�3LJ�DUH�VXPPDUL]HG�LQ
7DEOH�������:H�JR�WKURXJK�WKH�RSHUDWRUV�LQ�PRUH�GHWDLO�LQ�£'DWD�3URFHVVLQJ�2SHUD�
WRUV¤�RQ�SDJH�����

7DEOH�������3LJ�/DWLQ�UHODWLRQDO�RSHUDWRUV

Category Operator Description

Loading and storing LOAD Loads data from the filesystem or other storage into a relation

STORE Saves a relation to the filesystem or other storage

DUMP Prints a relation to the console

Filtering FILTER Removes unwanted rows from a relation

DISTINCT Removes duplicate rows from a relation

FOREACH...GENERATE Adds or removes fields from a relation

MAPREDUCE Runs a MapReduce job using a relation as input

STREAM Transforms a relation using an external program

SAMPLE Selects a random sample of a relation

Grouping and joining JOIN Joins two or more relations
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Category Operator Description

COGROUP Groups the data in two or more relations

GROUP Groups the data in a single relation

CROSS Creates the cross-product of two or more relations

Sorting ORDER Sorts a relation by one or more fields

LIMIT Limits the size of a relation to a maximum number of tuples

Combining and splitting UNION Combines two or more relations into one

SPLIT Splits a relation into two or more relations

7KHUH�DUH�RWKHU�W\SHV�RI�VWDWHPHQWV�WKDW�DUH�QRW�DGGHG�WR�WKH�ORJLFDO�SODQ��)RU�H[DPSOH�
WKH�GLDJQRVWLF�RSHUDWRUV¢'(6&5,%(��(;3/$,1��DQG�,//8675$7(¢DUH�SURYLGHG
WR� DOORZ� WKH�XVHU� WR� LQWHUDFW�ZLWK� WKH� ORJLFDO�SODQ� IRU�GHEXJJLQJ�SXUSRVHV� �VHH�7D�
EOH��������'803�LV�D�VRUW�RI�GLDJQRVWLF�RSHUDWRU��WRR��VLQFH�LW�LV�XVHG�RQO\�WR�DOORZ
LQWHUDFWLYH�GHEXJJLQJ�RI�VPDOO�UHVXOW�VHWV�RU�LQ�FRPELQDWLRQ�ZLWK�/,0,7�WR�UHWULHYH�D
IHZ�URZV�IURP�D�ODUJHU�UHODWLRQ��7KH�6725(�VWDWHPHQW�VKRXOG�EH�XVHG�ZKHQ�WKH�VL]H
RI�WKH�RXWSXW�LV�PRUH�WKDQ�D�IHZ�OLQHV��DV�LW�ZULWHV�WR�D�ILOH�UDWKHU�WKDQ�WR�WKH�FRQVROH�

7DEOH�������3LJ�/DWLQ�GLDJQRVWLF�RSHUDWRUV

Operator Description

DESCRIBE Prints a relation’s schema

EXPLAIN Prints the logical and physical plans

ILLUSTRATE Shows a sample execution of the logical plan, using a generated subset of the input

3LJ�/DWLQ�SURYLGHV�WKUHH�VWDWHPHQWV¢5(*,67(5��'(),1(��DQG�,03257¢WKDW�PDNH
LW�SRVVLEOH�WR�LQFRUSRUDWH�PDFURV�DQG�XVHU�GHILQHG�IXQFWLRQV�LQWR�3LJ�VFULSWV��VHH�7D�
EOH�������

7DEOH�������3LJ�/DWLQ�PDFUR�DQG�8')�VWDWHPHQWV

Statement Description

REGISTER Registers a JAR file with the Pig runtime

DEFINE Creates an alias for a macro, UDF, streaming script, or command specification

IMPORT Import macros defined in a separate file into a script

%HFDXVH�WKH\�GR�QRW�SURFHVV�UHODWLRQV��FRPPDQGV�DUH�QRW�DGGHG�WR�WKH�ORJLFDO�SODQ�
LQVWHDG��WKH\�DUH�H[HFXWHG�LPPHGLDWHO\��3LJ�SURYLGHV�FRPPDQGV�WR�LQWHUDFW�ZLWK�+D�
GRRS�ILOHV\VWHPV��ZKLFK�DUH�YHU\�KDQG\�IRU�PRYLQJ�GDWD�DURXQG�EHIRUH�RU�DIWHU�SUR�
FHVVLQJ�ZLWK�3LJ��DQG�0DS5HGXFH��DV�ZHOO�DV�D� IHZ�XWLOLW\�FRPPDQGV� �GHVFULEHG� LQ
7DEOH�������

Pig Latin | 379



7DEOH�������3LJ�/DWLQ�FRPPDQGV

Category Command Description

Hadoop Filesystem cat Prints the contents of one or more files

cd Changes the current directory

copyFromLocal Copies a local file or directory to a Hadoop filesystem

copyToLocal Copies a file or directory on a Hadoop filesystem to the local filesystem

cp Copies a file or directory to another directory

fs Accesses Hadoop’s filesystem shell

ls Lists files

mkdir Creates a new directory

mv Moves a file or directory to another directory

pwd Prints the path of the current working directory

rm Deletes a file or directory

rmf Forcibly deletes a file or directory (does not fail if the file or directory does not exist)

Hadoop MapReduce kill Kills a MapReduce job

Utility exec Runs a script in a new Grunt shell in batch mode

help Shows the available commands and options

quit Exits the interpreter

run Runs a script within the existing Grunt shell

set Sets Pig options and MapReduce job properties

sh Run a shell command from within Grunt

7KH�ILOHV\VWHP�FRPPDQGV�FDQ�RSHUDWH�RQ�ILOHV�RU�GLUHFWRULHV�LQ�DQ\�+DGRRS�ILOHV\VWHP�
DQG�WKH\�DUH�YHU\�VLPLODU�WR�WKH�hadoop fs�FRPPDQGV��ZKLFK�LV�QRW�VXUSULVLQJ��DV�ERWK
DUH�VLPSOH�ZUDSSHUV�DURXQG�WKH�+DGRRS�FileSystem�LQWHUIDFH���<RX�FDQ�DFFHVV�DOO�RI
WKH� +DGRRS� ILOHV\VWHP� VKHOO� FRPPDQGV� XVLQJ� 3LJ¦V� fs� FRPPDQG�� )RU� H[DPSOH�
fs -ls� ZLOO� VKRZ� D� ILOH� OLVWLQJ�� DQG� fs -help� ZLOO� VKRZ� KHOS� RQ� DOO� WKH� DYDLODEOH
FRPPDQGV�

3UHFLVHO\�ZKLFK�+DGRRS�ILOHV\VWHP�LV�XVHG�LV�GHWHUPLQHG�E\�WKH�fs.default.name�SURS�
HUW\�LQ�WKH�VLWH�ILOH�IRU�+DGRRS�&RUH��6HH�£7KH�&RPPDQG�/LQH�,QWHUIDFH¤�RQ�SDJH���
IRU�PRUH�GHWDLOV�RQ�KRZ�WR�FRQILJXUH�WKLV�SURSHUW\�

7KHVH�FRPPDQGV�DUH�PRVWO\�VHOI�H[SODQDWRU\��H[FHSW�set��ZKLFK�LV�XVHG�WR�VHW�RSWLRQV
WKDW�FRQWURO�3LJ¦V�EHKDYLRU��LQFOXGLQJ�DUELWUDU\�0DS5HGXFH�MRE�SURSHUWLHV��7KH�debug
RSWLRQ�LV�XVHG�WR�WXUQ�GHEXJ�ORJJLQJ�RQ�RU�RII�IURP�ZLWKLQ�D�VFULSW��\RX�FDQ�DOVR�FRQWURO
WKH�ORJ�OHYHO�ZKHQ�ODXQFKLQJ�3LJ��XVLQJ�WKH�-d�RU�-debug�RSWLRQ��

        grunt> 
        set debug on
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$QRWKHU�XVHIXO�RSWLRQ�LV�WKH�job.name�RSWLRQ��ZKLFK�JLYHV�D�3LJ�MRE�D�PHDQLQJIXO�QDPH�
PDNLQJ�LW�HDVLHU�WR�SLFN�RXW�\RXU�3LJ�0DS5HGXFH�MREV�ZKHQ�UXQQLQJ�RQ�D�VKDUHG�+D�
GRRS�FOXVWHU��,I�3LJ�LV�UXQQLQJ�D�VFULSW��UDWKHU�WKDQ�RSHUDWLQJ�DV�DQ�LQWHUDFWLYH�TXHU\
IURP�*UXQW���LWV�MRE�QDPH�GHIDXOWV�WR�D�YDOXH�EDVHG�RQ�WKH�VFULSW�QDPH�

7KHUH�DUH�WZR�FRPPDQGV�LQ�7DEOH������IRU�UXQQLQJ�D�3LJ�VFULSW��exec�DQG�run��7KH
GLIIHUHQFH�LV�WKDW�exec�UXQV�WKH�VFULSW�LQ�EDWFK�PRGH�LQ�D�QHZ�*UXQW�VKHOO��VR�DQ\�DOLDVHV
GHILQHG�LQ�WKH�VFULSW�DUH�QRW�DFFHVVLEOH�WR�WKH�VKHOO�DIWHU�WKH�VFULSW�KDV�FRPSOHWHG��2Q
WKH�RWKHU�KDQG��ZKHQ�UXQQLQJ�D�VFULSW�ZLWK�run��LW�LV�DV�LI�WKH�FRQWHQWV�RI�WKH�VFULSW�KDG
EHHQ�HQWHUHG�PDQXDOO\��VR�WKH�FRPPDQG�KLVWRU\�RI�WKH�LQYRNLQJ�VKHOO�FRQWDLQV�DOO�WKH
VWDWHPHQWV�IURP�WKH�VFULSW��0XOWLTXHU\�H[HFXWLRQ��ZKHUH�3LJ�H[HFXWHV�D�EDWFK�RI�VWDWH�
PHQWV�LQ�RQH�JR��VHH�£0XOWLTXHU\�([HFXWLRQ¤�RQ�SDJH�������LV�XVHG�RQO\�E\�exec��QRW�run�

%\�GHVLJQ��3LJ�/DWLQ�ODFNV�QDWLYH�FRQWURO�IORZ�VWDWHPHQWV��7KH�UHFRP�
PHQGHG�DSSURDFK�IRU�ZULWLQJ�SURJUDPV�WKDW�KDYH�FRQGLWLRQDO�ORJLF�RU
ORRS� FRQVWUXFWV� LV� WR� HPEHG� 3LJ� /DWLQ� LQ� DQRWKHU� ODQJXDJH�� VXFK� DV
3\WKRQ��-DYD6FULSW��RU�-DYD��DQG�PDQDJH�WKH�FRQWURO�IORZ�IURP�WKHUH��,Q
WKLV�PRGHO�WKH�KRVW�VFULSW�XVHV�D�FRPSLOH�ELQG�UXQ�$3,�WR�H[HFXWH�3LJ
VFULSWV�DQG�UHWULHYH�WKHLU�VWDWXV��&RQVXOW�WKH�3LJ�GRFXPHQWDWLRQ�IRU�GH�
WDLOV�RI�WKH�$3,�

(PEHGGHG�3LJ�SURJUDPV�DOZD\V�UXQ�LQ�D�-90��VR�IRU�3\WKRQ�DQG�-DYD�
6FULSW�\RX�XVH�WKH�pig�FRPPDQG�IROORZHG�E\�WKH�QDPH�RI�\RXU�VFULSW�
DQG�WKH�DSSURSULDWH�-DYD�VFULSWLQJ�HQJLQH�ZLOO�EH�VHOHFWHG��-\WKRQ�IRU
3\WKRQ��5KLQR�IRU�-DYD6FULSW��

Expressions
$Q�H[SUHVVLRQ�LV�VRPHWKLQJ�WKDW�LV�HYDOXDWHG�WR�\LHOG�D�YDOXH��([SUHVVLRQV�FDQ�EH�XVHG
LQ�3LJ�DV�D�SDUW�RI�D�VWDWHPHQW�FRQWDLQLQJ�D�UHODWLRQDO�RSHUDWRU��3LJ�KDV�D�ULFK�YDULHW\�RI
H[SUHVVLRQV��PDQ\�RI�ZKLFK�ZLOO�EH�IDPLOLDU�IURP�RWKHU�SURJUDPPLQJ�ODQJXDJHV��7KH\
DUH�OLVWHG�LQ�7DEOH�������ZLWK�EULHI�GHVFULSWLRQV�DQG�H[DPSOHV��:H�ZLOO�VHH�H[DPSOHV�RI
PDQ\�RI�WKHVH�H[SUHVVLRQV�WKURXJKRXW�WKH�FKDSWHU�

7DEOH�������3LJ�/DWLQ�H[SUHVVLRQV

Category Expressions Description Examples

Constant Literal Constant value (see also the “Literal exam-
ple” column in Table 11-6)

1.0, 'a'

Field (by 
position)

$n Field in position n (zero-based) $0

Field (by name) f Field named f year

Field (disambigu-
ate)

r::f Field named f from relation r after grouping
or joining

A::year
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Category Expressions Description Examples

Projection c.$n, c.f Field in container c (relation, bag, or tuple)
by position, by name

records.$0,
records.year

Map lookup m#k Value associated with key k in map m items#'Coat'

Cast (t) f Cast of field f to type t (int) year

Arithmetic x + y, x - y Addition, subtraction $1 + $2, $1 - $2

x * y, x / y Multiplication, division $1 * $2, $1 / $2

x % y Modulo, the remainder of x divided by y $1 % $2

+x, -x Unary positive, negation +1, –1

Conditional x ? y : z Bincond/ternary; y if x evaluates to true, z
otherwise

quality == 0 ? 0 : 1

Comparison x == y, x != y Equals, does not equal quality == 0, tempera
ture != 9999

x > y, x < y Greater than, less than quality > 0, quality <
10

x >= y, x <= y Greater than or equal to, less than or equal to quality >= 1, quality <=
9

x matches y Pattern matching with regular expression quality matches
'[01459]'

x is null Is null temperature is null

x is not null Is not null temperature is not null

Boolean x or y Logical or q == 0 or q == 1

x and y Logical and q == 0 and r == 0

not x Logical negation not q matches '[01459]'

Functional fn(f1,f2,…) Invocation of function fn on fields f1, f2,
etc.

isGood(quality)

Flatten FLATTEN(f) Removal of a level of nesting from bags and
tuples

FLATTEN(group)

Types
6R�IDU�\RX�KDYH�VHHQ�VRPH�RI�WKH�VLPSOH�W\SHV�LQ�3LJ��VXFK�DV�int�DQG�chararray��+HUH
ZH�ZLOO�GLVFXVV�3LJ¦V�EXLOW�LQ�W\SHV�LQ�PRUH�GHWDLO�
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3LJ�KDV�IRXU�QXPHULF�W\SHV��int��long��float��DQG�double��ZKLFK�DUH�LGHQWLFDO�WR�WKHLU
-DYD�FRXQWHUSDUWV��7KHUH�LV�DOVR�D�bytearray�W\SH��OLNH�-DYD¦V�byte�DUUD\�W\SH�IRU�UHSUH�
VHQWLQJ�D�EORE�RI�ELQDU\�GDWD��DQG�chararray��ZKLFK��OLNH�java.lang.String��UHSUHVHQWV
WH[WXDO�GDWD�LQ�87)����IRUPDW��DOWKRXJK�LW�FDQ�EH�ORDGHG�RU�VWRUHG�LQ�87)���IRUPDW�
3LJ�GRHV�QRW�KDYH�W\SHV�FRUUHVSRQGLQJ�WR�-DYD¦V�boolean���byte��short��RU�char�SULPLWLYH
W\SHV��7KHVH�DUH�DOO�HDVLO\�UHSUHVHQWHG�XVLQJ�3LJ¦V�int�W\SH��RU�chararray�IRU�char�

7KH�QXPHULF��WH[WXDO��DQG�ELQDU\�W\SHV�DUH�VLPSOH�DWRPLF�W\SHV��3LJ�/DWLQ�DOVR�KDV�WKUHH
FRPSOH[�W\SHV�IRU�UHSUHVHQWLQJ�QHVWHG�VWUXFWXUHV��tuple��bag��DQG�map��$OO�RI�3LJ�/DWLQ¦V
W\SHV�DUH�OLVWHG�LQ�7DEOH������

7DEOH�������3LJ�/DWLQ�W\SHV

Category Type Description Literal example

Numeric int 32-bit signed integer 1

long 64-bit signed integer 1L

float 32-bit floating-point number 1.0F

double 64-bit floating-point number 1.0

Text chararray Character array in UTF-16 format 'a'

Binary bytearray Byte array Not supported

Complex tuple Sequence of fields of any type (1,'pomegranate')

bag An unordered collection of tuples, possibly with duplicates {(1,'pomegranate'),(2)}

map A set of key-value pairs; keys must be character arrays, but
values may be any type

['a'#'pomegranate']

7KH�FRPSOH[�W\SHV�DUH�XVXDOO\�ORDGHG�IURP�ILOHV�RU�FRQVWUXFWHG�XVLQJ�UHODWLRQDO�RSHU�
DWRUV��%H�DZDUH��KRZHYHU��WKDW�WKH�OLWHUDO�IRUP�LQ�7DEOH������LV�XVHG�ZKHQ�D�FRQVWDQW
YDOXH� LV�FUHDWHG� IURP�ZLWKLQ�D�3LJ�/DWLQ�SURJUDP��7KH� UDZ� IRUP� LQ�D� ILOH� LV�XVXDOO\
GLIIHUHQW�ZKHQ�XVLQJ�WKH�VWDQGDUG�PigStorage�ORDGHU��)RU�H[DPSOH��WKH�UHSUHVHQWDWLRQ
LQ�D�ILOH�RI�WKH�EDJ�LQ�7DEOH������ZRXOG�EH�{(1,pomegranate),(2)}� �QRWH�WKH� ODFN�RI
TXRWDWLRQ�PDUNV���DQG�ZLWK�D�VXLWDEOH�VFKHPD��WKLV�ZRXOG�EH�ORDGHG�DV�D�UHODWLRQ�ZLWK
D�VLQJOH�ILHOG�DQG�URZ��ZKRVH�YDOXH�ZDV�WKH�EDJ�

3LJ�SURYLGHV�WKH�EXLOW�LQ�IXQFWLRQV�TOTUPLE��TOBAG�DQG�TOMAP��ZKLFK�DUH�XVHG�IRU�WXUQLQJ
H[SUHVVLRQV�LQWR�WXSOHV��EDJV��DQG�PDSV�

$OWKRXJK�UHODWLRQV�DQG�EDJV�DUH�FRQFHSWXDOO\� WKH�VDPH��DQ�XQRUGHUHG�FROOHFWLRQ�RI
WXSOHV���LQ�SUDFWLFH�3LJ�WUHDWV�WKHP�VOLJKWO\�GLIIHUHQWO\��$�UHODWLRQ�LV�D�WRS�OHYHO�FRQVWUXFW�
ZKHUHDV�D�EDJ�KDV�WR�EH�FRQWDLQHG�LQ�D�UHODWLRQ��1RUPDOO\�\RX�GRQ¦W�KDYH�WR�ZRUU\
DERXW�WKLV��EXW�WKHUH�DUH�D�IHZ�UHVWULFWLRQV�WKDW�FDQ�WULS�XS�WKH�XQLQLWLDWHG��)RU�H[DPSOH�
LW¦V�QRW�SRVVLEOH�WR�FUHDWH�D�UHODWLRQ�IURP�D�EDJ�OLWHUDO��6R�WKH�IROORZLQJ�VWDWHPHQW�IDLOV�

�� $OWKRXJK�WKHUH�LV�QR�%RROHDQ�W\SH�IRU�GDWD��XQWLO�YHUVLRQ����������3LJ�KDV�WKH�FRQFHSW�RI�DQ�H[SUHVVLRQ
HYDOXDWLQJ�WR�WUXH�RU�IDOVH�IRU�WHVWLQJ�FRQGLWLRQV��VXFK�DV�LQ�D�),/7(5�VWDWHPHQW���+RZHYHU��3LJ�GRHV�QRW
DOORZ�D�%RROHDQ�H[SUHVVLRQ�WR�EH�VWRUHG�LQ�D�ILHOG�
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A = {(1,2),(3,4)}; -- Error

7KH�VLPSOHVW�ZRUNDURXQG�LQ�WKLV�FDVH�LV�WR�ORDG�WKH�GDWD�IURP�D�ILOH�XVLQJ�WKH�/2$'
VWDWHPHQW�

$V�DQRWKHU�H[DPSOH��\RX�FDQ¦W�WUHDW�D�UHODWLRQ�OLNH�D�EDJ�DQG�SURMHFW�D�ILHOG�LQWR�D�QHZ
UHODWLRQ��$0�UHIHUV�WR�WKH�ILUVW�ILHOG�RI�$��XVLQJ�WKH�SRVLWLRQDO�QRWDWLRQ��

B = A.$0;

,QVWHDG��\RX�KDYH�WR�XVH�D�UHODWLRQDO�RSHUDWRU�WR�WXUQ�WKH�UHODWLRQ�$�LQWR�UHODWLRQ�%�

B = FOREACH A GENERATE $0;

,W¦V�SRVVLEOH�WKDW�D�IXWXUH�YHUVLRQ�RI�3LJ�/DWLQ�ZLOO�UHPRYH�WKHVH�LQFRQVLVWHQFLHV�DQG
WUHDW�UHODWLRQV�DQG�EDJV�LQ�WKH�VDPH�ZD\�

Schemas
$�UHODWLRQ�LQ�3LJ�PD\�KDYH�DQ�DVVRFLDWHG�VFKHPD��ZKLFK�JLYHV�WKH�ILHOGV�LQ�WKH�UHODWLRQ
QDPHV�DQG�W\SHV��:H¦YH�VHHQ�KRZ�DQ�$6�FODXVH�LQ�D�/2$'�VWDWHPHQW�LV�XVHG�WR�DWWDFK
D�VFKHPD�WR�D�UHODWLRQ�

grunt> records = LOAD 'input/ncdc/micro-tab/sample.txt'
>>   AS (year:int, temperature:int, quality:int);
grunt> DESCRIBE records;
records: {year: int,temperature: int,quality: int}

7KLV�WLPH�ZH¦YH�GHFODUHG�WKH�\HDU�WR�EH�DQ�LQWHJHU�UDWKHU�WKDQ�D�chararray��HYHQ�WKRXJK
WKH�ILOH�LW�LV�EHLQJ�ORDGHG�IURP�LV�WKH�VDPH��$Q�LQWHJHU�PD\�EH�PRUH�DSSURSULDWH�LI�ZH
QHHG�WR�PDQLSXODWH�WKH�\HDU�DULWKPHWLFDOO\��WR�WXUQ�LW�LQWR�D�WLPHVWDPS��IRU�H[DPSOH��
ZKHUHDV�WKH�chararray�UHSUHVHQWDWLRQ�PLJKW�EH�PRUH�DSSURSULDWH�ZKHQ�LW¦V�EHLQJ�XVHG
DV�D�VLPSOH�LGHQWLILHU��3LJ¦V�IOH[LELOLW\�LQ�WKH�GHJUHH�WR�ZKLFK�VFKHPDV�DUH�GHFODUHG�FRQ�
WUDVWV�ZLWK�VFKHPDV�LQ�WUDGLWLRQDO�64/�GDWDEDVHV��ZKLFK�DUH�GHFODUHG�EHIRUH�WKH�GDWD
LV� ORDGHG� LQWR� WR� WKH�V\VWHP��3LJ� LV�GHVLJQHG� IRU�DQDO\]LQJ�SODLQ� LQSXW� ILOHV�ZLWK�QR
DVVRFLDWHG�W\SH�LQIRUPDWLRQ��VR�LW�LV�TXLWH�QDWXUDO�WR�FKRRVH�W\SHV�IRU�ILHOGV�ODWHU�WKDQ
\RX�ZRXOG�ZLWK�DQ�5'%06�

,W¦V�SRVVLEOH�WR�RPLW�W\SH�GHFODUDWLRQV�FRPSOHWHO\��WRR�

grunt> records = LOAD 'input/ncdc/micro-tab/sample.txt'
>>   AS (year, temperature, quality);
grunt> DESCRIBE records;
records: {year: bytearray,temperature: bytearray,quality: bytearray}

,Q� WKLV� FDVH�� ZH� KDYH� VSHFLILHG� RQO\� WKH� QDPHV� RI� WKH� ILHOGV� LQ� WKH� VFKHPD�� year�
temperature��DQG�quality��7KH�W\SHV�GHIDXOW�WR�bytearray��WKH�PRVW�JHQHUDO�W\SH��UHS�
UHVHQWLQJ�D�ELQDU\�VWULQJ�

<RX�GRQ¦W�QHHG�WR�VSHFLI\�W\SHV�IRU�HYHU\�ILHOG��\RX�FDQ�OHDYH�VRPH�WR�GHIDXOW�WR�byte
array��DV�ZH�KDYH�GRQH�IRU�year�LQ�WKLV�GHFODUDWLRQ�
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grunt> records = LOAD 'input/ncdc/micro-tab/sample.txt'
>>   AS (year, temperature:int, quality:int);
grunt> DESCRIBE records;
records: {year: bytearray,temperature: int,quality: int}

+RZHYHU��LI�\RX�VSHFLI\�D�VFKHPD�LQ�WKLV�ZD\��\RX�GR�QHHG�WR�VSHFLI\�HYHU\�ILHOG��$OVR�
WKHUH¦V�QR�ZD\�WR�VSHFLI\�WKH�W\SH�RI�D�ILHOG�ZLWKRXW�VSHFLI\LQJ�WKH�QDPH��2Q�WKH�RWKHU
KDQG��WKH�VFKHPD�LV�HQWLUHO\�RSWLRQDO�DQG�FDQ�EH�RPLWWHG�E\�QRW�VSHFLI\LQJ�DQ�$6�FODXVH�

grunt> records = LOAD 'input/ncdc/micro-tab/sample.txt';
grunt> DESCRIBE records;
Schema for records unknown.

)LHOGV�LQ�D�UHODWLRQ�ZLWK�QR�VFKHPD�FDQ�EH�UHIHUHQFHG�XVLQJ�RQO\�SRVLWLRQDO�QRWDWLRQ�
$0�UHIHUV�WR�WKH�ILUVW�ILHOG�LQ�D�UHODWLRQ��$1�WR�WKH�VHFRQG��DQG�VR�RQ��7KHLU�W\SHV�GHIDXOW
WR�bytearray�

grunt> projected_records = FOREACH records GENERATE $0, $1, $2;
grunt> DUMP projected_records;
(1950,0,1)
(1950,22,1)
(1950,-11,1)
(1949,111,1)
(1949,78,1)
grunt> DESCRIBE projected_records;
projected_records: {bytearray,bytearray,bytearray}

$OWKRXJK�LW�FDQ�EH�FRQYHQLHQW�QRW�WR�DVVLJQ�W\SHV�WR�ILHOGV��SDUWLFXODUO\�LQ�WKH�ILUVW�VWDJHV
RI�ZULWLQJ�D�TXHU\���GRLQJ�VR�FDQ�LPSURYH�WKH�FODULW\�DQG�HIILFLHQF\�RI�3LJ�/DWLQ�SURJUDPV
DQG�LV�JHQHUDOO\�UHFRPPHQGHG�

'HFODULQJ�D�VFKHPD�DV�D�SDUW�RI�WKH�TXHU\�LV�IOH[LEOH�EXW�GRHVQ¦W�OHQG
LWVHOI�WR�VFKHPD�UHXVH��$�VHW�RI�3LJ�TXHULHV�RYHU�WKH�VDPH�LQSXW�GDWD�ZLOO
RIWHQ� KDYH� WKH� VDPH� VFKHPD� UHSHDWHG� LQ� HDFK� TXHU\�� ,I� WKH� TXHU\
SURFHVVHV�D�ODUJH�QXPEHU�RI�ILHOGV��WKLV�UHSHWLWLRQ�FDQ�EHFRPH�KDUG�WR
PDLQWDLQ�

7KH� $SDFKH� +&DWDORJ� SURMHFW� �KWWS���LQFXEDWRU�DSDFKH�RUJ�KFDWDORJ��
VROYHV� WKLV�SUREOHP�E\�SURYLGLQJ� D� WDEOH�PHWDGDWD� VHUYLFH�� EDVHG�RQ
+LYH¦V�PHWDVWRUH��VR�WKDW�3LJ�TXHULHV�FDQ�UHIHUHQFH�VFKHPDV�E\�QDPH�
UDWKHU�WKDQ�VSHFLI\LQJ�WKHP�LQ�IXOO�HDFK�WLPH�

Validation and nulls
$Q�64/�GDWDEDVH�ZLOO� HQIRUFH� WKH� FRQVWUDLQWV� LQ� D� WDEOH¦V� VFKHPD�DW� ORDG� WLPH�� IRU
H[DPSOH��WU\LQJ�WR�ORDG�D�VWULQJ�LQWR�D�FROXPQ�WKDW�LV�GHFODUHG�WR�EH�D�QXPHULF�W\SH�ZLOO
IDLO��,Q�3LJ��LI�WKH�YDOXH�FDQQRW�EH�FDVW�WR�WKH�W\SH�GHFODUHG�LQ�WKH�VFKHPD��LW�ZLOO�VXEVWLWXWH
D�null�YDOXH��/HW¦V�VHH�KRZ�WKLV�ZRUNV�ZKHQ�ZH�KDYH�WKH�IROORZLQJ�LQSXW�IRU�WKH�ZHDWKHU
GDWD��ZKLFK�KDV�DQ�£H¤�FKDUDFWHU�LQ�SODFH�RI�DQ�LQWHJHU�

1950    0   1
1950    22  1
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1950    e   1
1949    111 1
1949    78  1

3LJ�KDQGOHV�WKH�FRUUXSW�OLQH�E\�SURGXFLQJ�D�null�IRU�WKH�RIIHQGLQJ�YDOXH��ZKLFK�LV�GLV�
SOD\HG�DV�WKH�DEVHQFH�RI�D�YDOXH�ZKHQ�GXPSHG�WR�VFUHHQ��DQG�DOVR�ZKHQ�VDYHG�XVLQJ
6725(��

grunt> records = LOAD 'input/ncdc/micro-tab/sample_corrupt.txt'
>>   AS (year:chararray, temperature:int, quality:int);
grunt> DUMP records;
(1950,0,1)
(1950,22,1)
(1950,,1)
(1949,111,1)
(1949,78,1)

3LJ�SURGXFHV�D�ZDUQLQJ� IRU� WKH� LQYDOLG� ILHOG� �QRW� VKRZQ�KHUH��EXW�GRHV�QRW�KDOW� LWV
SURFHVVLQJ��)RU�ODUJH�GDWDVHWV��LW�LV�YHU\�FRPPRQ�WR�KDYH�FRUUXSW��LQYDOLG��RU�PHUHO\
XQH[SHFWHG�GDWD��DQG�LW� LV�JHQHUDOO\� LQIHDVLEOH�WR� LQFUHPHQWDOO\�IL[�HYHU\�XQSDUVDEOH
UHFRUG��,QVWHDG��ZH�FDQ�SXOO�RXW�DOO�RI�WKH�LQYDOLG�UHFRUGV�LQ�RQH�JR��VR�ZH�FDQ�WDNH
DFWLRQ�RQ�WKHP��SHUKDSV�E\�IL[LQJ�RXU�SURJUDP��EHFDXVH�WKH\�LQGLFDWH�WKDW�ZH�KDYH
PDGH�D�PLVWDNH��RU�E\�ILOWHULQJ�WKHP�RXW��EHFDXVH�WKH�GDWD�LV�JHQXLQHO\�XQXVDEOH��

grunt> corrupt_records = FILTER records BY temperature is null;
grunt> DUMP corrupt_records;
(1950,,1)

1RWH�WKH�XVH�RI�WKH�is null�RSHUDWRU��ZKLFK�LV�DQDORJRXV�WR�64/��,Q�SUDFWLFH��ZH�ZRXOG
LQFOXGH�PRUH�LQIRUPDWLRQ�IURP�WKH�RULJLQDO�UHFRUG��VXFK�DV�DQ�LGHQWLILHU�DQG�WKH�YDOXH
WKDW�FRXOG�QRW�EH�SDUVHG��WR�KHOS�RXU�DQDO\VLV�RI�WKH�EDG�GDWD�

:H�FDQ�ILQG�WKH�QXPEHU�RI�FRUUXSW�UHFRUGV�XVLQJ�WKH�IROORZLQJ�LGLRP�IRU�FRXQWLQJ�WKH
QXPEHU�RI�URZV�LQ�D�UHODWLRQ�

grunt> grouped = GROUP corrupt_records ALL;
grunt> all_grouped = FOREACH grouped GENERATE group, COUNT(corrupt_records);
grunt> DUMP all_grouped;
(all,1)

�£*5283¤�RQ�SDJH�����H[SODLQV�JURXSLQJ�DQG�WKH�$//�RSHUDWLRQ�LQ�PRUH�GHWDLO��

$QRWKHU�XVHIXO�WHFKQLTXH�LV�WR�XVH�WKH�63/,7�RSHUDWRU�WR�SDUWLWLRQ�WKH�GDWD�LQWR�£JRRG¤
DQG�£EDG¤�UHODWLRQV��ZKLFK�FDQ�WKHQ�EH�DQDO\]HG�VHSDUDWHO\�

grunt> SPLIT records INTO good_records IF temperature is not null,
>>   bad_records IF temperature is null;
grunt> DUMP good_records;
(1950,0,1)
(1950,22,1)
(1949,111,1)
(1949,78,1)
grunt> DUMP bad_records;
(1950,,1)
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*RLQJ�EDFN�WR�WKH�FDVH�LQ�ZKLFK�temperature¦V�W\SH�ZDV�OHIW�XQGHFODUHG��WKH�FRUUXSW
GDWD�FDQQRW�EH�GHWHFWHG�HDVLO\��VLQFH�LW�GRHVQ¦W�VXUIDFH�DV�D�null�

grunt> records = LOAD 'input/ncdc/micro-tab/sample_corrupt.txt'
>>   AS (year:chararray, temperature, quality:int);
grunt> DUMP records;
(1950,0,1)
(1950,22,1)
(1950,e,1)
(1949,111,1)
(1949,78,1)
grunt> filtered_records = FILTER records BY temperature != 9999 AND
>>   (quality == 0 OR quality == 1 OR quality == 4 OR quality == 5 OR quality == 9);
grunt> grouped_records = GROUP filtered_records BY year;
grunt> max_temp = FOREACH grouped_records GENERATE group,
>>   MAX(filtered_records.temperature);
grunt> DUMP max_temp;
(1949,111.0)
(1950,22.0)

:KDW�KDSSHQV�LQ�WKLV�FDVH�LV�WKDW�WKH�temperature�ILHOG�LV�LQWHUSUHWHG�DV�D�bytearray��VR
WKH�FRUUXSW� ILHOG� LV�QRW�GHWHFWHG�ZKHQ�WKH� LQSXW� LV� ORDGHG��:KHQ�SDVVHG�WR�WKH�MAX
IXQFWLRQ��WKH�temperature�ILHOG�LV�FDVW�WR�D�double��VLQFH�MAX�ZRUNV�RQO\�ZLWK�QXPHULF
W\SHV��7KH�FRUUXSW�ILHOG�FDQQRW�EH�UHSUHVHQWHG�DV�D�double��VR�LW�EHFRPHV�D�null��ZKLFK�
MAX�VLOHQWO\�LJQRUHV��7KH�EHVW�DSSURDFK�LV�JHQHUDOO\�WR�GHFODUH�W\SHV�IRU�\RXU�GDWD�RQ
ORDGLQJ�DQG�ORRN�IRU�PLVVLQJ�RU�FRUUXSW�YDOXHV�LQ�WKH�UHODWLRQV�WKHPVHOYHV�EHIRUH�\RX
GR�\RXU�PDLQ�SURFHVVLQJ�

6RPHWLPHV�FRUUXSW�GDWD�VKRZV�XS�DV�VPDOOHU�WXSOHV�EHFDXVH�ILHOGV�DUH�VLPSO\�PLVVLQJ�
<RX�FDQ�ILOWHU�WKHVH�RXW�E\�XVLQJ�WKH�SIZE�IXQFWLRQ�DV�IROORZV�

grunt> A = LOAD 'input/pig/corrupt/missing_fields';
grunt> DUMP A;
(2,Tie)
(4,Coat)
(3)
(1,Scarf)
grunt> B = FILTER A BY SIZE(TOTUPLE(*)) > 1;
grunt> DUMP B;
(2,Tie)
(4,Coat)
(1,Scarf)

Schema merging
,Q�3LJ��\RX�GRQ¦W�GHFODUH�WKH�VFKHPD�IRU�HYHU\�QHZ�UHODWLRQ�LQ�WKH�GDWD�IORZ��,Q�PRVW
FDVHV��3LJ�FDQ�ILJXUH�RXW�WKH�UHVXOWLQJ�VFKHPD�IRU�WKH�RXWSXW�RI�D�UHODWLRQDO�RSHUDWLRQ
E\�FRQVLGHULQJ�WKH�VFKHPD�RI�WKH�LQSXW�UHODWLRQ�

+RZ�DUH�VFKHPDV�SURSDJDWHG�WR�QHZ�UHODWLRQV"�6RPH�UHODWLRQDO�RSHUDWRUV�GRQ¦W�FKDQJH
WKH�VFKHPD��VR�WKH�UHODWLRQ�SURGXFHG�E\�WKH�/,0,7�RSHUDWRU��ZKLFK�UHVWULFWV�D�UHODWLRQ
WR�D�PD[LPXP�QXPEHU�RI�WXSOHV���IRU�H[DPSOH��KDV�WKH�VDPH�VFKHPD�DV�WKH�UHODWLRQ�LW
RSHUDWHV� RQ�� )RU� RWKHU� RSHUDWRUV�� WKH� VLWXDWLRQ� LV� PRUH� FRPSOLFDWHG�� 81,21�� IRU
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H[DPSOH��FRPELQHV�WZR�RU�PRUH�UHODWLRQV�LQWR�RQH�DQG�WULHV�WR�PHUJH�WKH�LQSXW�UHODWLRQV
VFKHPDV��,I�WKH�VFKHPDV�DUH�LQFRPSDWLEOH��GXH�WR�GLIIHUHQW�W\SHV�RU�QXPEHU�RI�ILHOGV�
WKHQ�WKH�VFKHPD�RI�WKH�UHVXOW�RI�WKH�81,21�LV�XQNQRZQ�

<RX�FDQ�ILQG�RXW�WKH�VFKHPD�IRU�DQ\�UHODWLRQ�LQ�WKH�GDWD�IORZ�XVLQJ�WKH�'(6&5,%(
RSHUDWRU�� ,I� \RX� ZDQW� WR� UHGHILQH� WKH� VFKHPD� IRU� D� UHODWLRQ�� \RX� FDQ� XVH� WKH
)25($&+���*(1(5$7(�RSHUDWRU�ZLWK�$6�FODXVHV�WR�GHILQH�WKH�VFKHPD�IRU�VRPH�RU
DOO�RI�WKH�ILHOGV�RI�WKH�LQSXW�UHODWLRQ�

6HH�£8VHU�'HILQHG�)XQFWLRQV¤�RQ�SDJH�����IRU�D�IXUWKHU�GLVFXVVLRQ�RI�VFKHPDV�

Functions
)XQFWLRQV�LQ�3LJ�FRPH�LQ�IRXU�W\SHV�

(YDO�IXQFWLRQ
$�IXQFWLRQ�WKDW�WDNHV�RQH�RU�PRUH�H[SUHVVLRQV�DQG�UHWXUQV�DQRWKHU�H[SUHVVLRQ��$Q
H[DPSOH�RI�D�EXLOW�LQ�HYDO�IXQFWLRQ�LV�MAX��ZKLFK�UHWXUQV�WKH�PD[LPXP�YDOXH�RI�WKH
HQWULHV�LQ�D�EDJ��6RPH�HYDO�IXQFWLRQV�DUH�DJJUHJDWH�IXQFWLRQV��ZKLFK�PHDQV�WKH\
RSHUDWH�RQ�D�EDJ�RI�GDWD�WR�SURGXFH�D�VFDODU�YDOXH��MAX�LV�DQ�H[DPSOH�RI�DQ�DJJUHJDWH
IXQFWLRQ��)XUWKHUPRUH��PDQ\�DJJUHJDWH�IXQFWLRQV�DUH�DOJHEUDLF��ZKLFK�PHDQV�WKDW
WKH�UHVXOW�RI�WKH�IXQFWLRQ�PD\�EH�FDOFXODWHG�LQFUHPHQWDOO\��,Q�0DS5HGXFH�WHUPV�
DOJHEUDLF� IXQFWLRQV�PDNH� XVH� RI� WKH� FRPELQHU� DQG� DUH�PXFK�PRUH� HIILFLHQW� WR
FDOFXODWH� �VHH�£&RPELQHU�)XQFWLRQV¤�RQ�SDJH������MAX� LV�DQ�DOJHEUDLF� IXQFWLRQ�
ZKHUHDV�D�IXQFWLRQ�WR�FDOFXODWH�WKH�PHGLDQ�RI�D�FROOHFWLRQ�RI�YDOXHV�LV�DQ�H[DPSOH
RI�D�IXQFWLRQ�WKDW�LV�QRW�DOJHEUDLF�

)LOWHU�IXQFWLRQ
$�VSHFLDO�W\SH�RI�HYDO�IXQFWLRQ�WKDW�UHWXUQV�D�ORJLFDO�%RROHDQ�UHVXOW��$V�WKH�QDPH
VXJJHVWV�� ILOWHU� IXQFWLRQV�DUH�XVHG� LQ�WKH�),/7(5�RSHUDWRU�WR�UHPRYH�XQZDQWHG
URZV��7KH\�FDQ�DOVR�EH�XVHG�LQ�RWKHU�UHODWLRQDO�RSHUDWRUV�WKDW�WDNH�%RROHDQ�FRQ�
GLWLRQV�DQG��LQ�JHQHUDO��H[SUHVVLRQV�XVLQJ�%RROHDQ�RU�FRQGLWLRQDO�H[SUHVVLRQV��$Q
H[DPSOH�RI�D�EXLOW�LQ�ILOWHU�IXQFWLRQ�LV�IsEmpty��ZKLFK�WHVWV�ZKHWKHU�D�EDJ�RU�D�PDS
FRQWDLQV�DQ\�LWHPV�

/RDG�IXQFWLRQ
$�IXQFWLRQ�WKDW�VSHFLILHV�KRZ�WR�ORDG�GDWD�LQWR�D�UHODWLRQ�IURP�H[WHUQDO�VWRUDJH�

6WRUH�IXQFWLRQ
$�IXQFWLRQ�WKDW�VSHFLILHV�KRZ�WR�VDYH�WKH�FRQWHQWV�RI�D�UHODWLRQ�WR�H[WHUQDO�VWRUDJH�
2IWHQ��ORDG�DQG�VWRUH�IXQFWLRQV�DUH�LPSOHPHQWHG�E\�WKH�VDPH�W\SH��)RU�H[DPSOH��
PigStorage��ZKLFK�ORDGV�GDWD�IURP�GHOLPLWHG�WH[W�ILOHV��FDQ�VWRUH�GDWD�LQ�WKH�VDPH
IRUPDW�

3LJ� FRPHV�ZLWK� D� FROOHFWLRQ�RI�EXLOW�LQ� IXQFWLRQV�� D� VHOHFWLRQ�RI�ZKLFK� DUH� OLVWHG� LQ
7DEOH�������7KH�FRPSOHWH�OLVW�RI�EXLOW�LQ�IXQFWLRQV��ZKLFK�LQFOXGHV�D�ODUJH�QXPEHU�RI
VWDQGDUG�PDWK�DQG�VWULQJ�IXQFWLRQV��FDQ�EH�IRXQG�LQ�WKH�GRFXPHQWDWLRQ�IRU�HDFK�3LJ
UHOHDVH�
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7DEOH�������$�VHOHFWLRQ�RI�3LJ¦V�EXLOW�LQ�IXQFWLRQV

Category Function Description

Eval AVG Calculates the average (mean) value of entries in a bag.

 CONCAT Concatenates byte arrays or character arrays together.

 COUNT Calculates the number of non-null entries in a bag.

 COUNT_STAR Calculates the number of entries in a bag, including those that are null.

 DIFF Calculates the set difference of two bags. If the two arguments are not bags,
returns a bag containing both if they are equal; otherwise, returns an empty
bag.

 MAX Calculates the maximum value of entries in a bag.

 MIN Calculates the minimum value of entries in a bag.

 SIZE Calculates the size of a type. The size of numeric types is always one; for
character arrays, it is the number of characters; for byte arrays, the number
of bytes; and for containers (tuple, bag, map), it is the number of entries.

 SUM Calculates the sum of the values of entries in a bag.

 TOBAG Converts one or more expressions to individual tuples, which are then put in
a bag.

 TOKENIZE Tokenizes a character array into a bag of its constituent words.

 TOMAP Converts an even number of expressions to a map of key-value pairs.

 TOP Calculates the top n tuples in a bag.

 TOTUPLE Converts one or more expressions to a tuple.

Filter IsEmpty Tests whether a bag or map is empty.

Load/Store PigStorage Loads or stores relations using a field-delimited text format. Each line is
broken into fields using a configurable field delimiter (defaults to a tab
character) to be stored in the tuple’s fields. It is the default storage when
none is specified.

 BinStorage Loads or stores relations from or to binary files in a Pig-specific format that
uses Hadoop Writable objects.

 TextLoader Loads relations from a plain-text format. Each line corresponds to a tuple
whose single field is the line of text.

 JsonLoader, JsonStorage Loads or stores relations from or to a (Pig-defined) JSON format. Each tuple
is stored on one line.

 HBaseStorage Loads or stores relations from or to HBase tables.

,I�WKH�IXQFWLRQ�\RX�QHHG�LV�QRW�DYDLODEOH��\RX�FDQ�ZULWH�\RXU�RZQ��%HIRUH�\RX�GR�WKDW�
KRZHYHU��KDYH�D�ORRN�LQ�WKH�3LJJ\�%DQN��D�UHSRVLWRU\�RI�3LJ�IXQFWLRQV�VKDUHG�E\�WKH�3LJ
FRPPXQLW\��)RU�H[DPSOH��WKHUH�DUH�ORDG�DQG�VWRUH�IXQFWLRQV�LQ�WKH�3LJJ\�%DQN�IRU�$YUR
GDWD�ILOHV��&69�ILOHV��+LYH�5&)LOHV��6HTXHQFH)LOHV��DQG�;0/�ILOHV��7KH�3LJ�ZHEVLWH�KDV
LQVWUXFWLRQV�RQ�KRZ�WR�EURZVH�DQG�REWDLQ�WKH�3LJJ\�%DQN�IXQFWLRQV��,I�WKH�3LJJ\�%DQN
GRHVQ¦W�KDYH�ZKDW�\RX�QHHG��\RX�FDQ�ZULWH�\RXU�RZQ�IXQFWLRQ��DQG�LI�LW�LV�VXIILFLHQWO\
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JHQHUDO��\RX�PLJKW�FRQVLGHU�FRQWULEXWLQJ�LW�WR�WKH�3LJJ\�%DQN�VR�WKDW�RWKHUV�FDQ�EHQHILW
IURP�LW��WRR���7KHVH�DUH�NQRZQ�DV�XVHU�GHILQHG�IXQFWLRQV��RU�8')V�

Macros
0DFURV�SURYLGH�D�ZD\�WR�SDFNDJH�UHXVDEOH�SLHFHV�RI�3LJ�/DWLQ�FRGH�IURP�ZLWKLQ�3LJ
/DWLQ�LWVHOI��)RU�H[DPSOH��ZH�FDQ�H[WUDFW�WKH�SDUW�RI�RXU�3LJ�/DWLQ�SURJUDP�WKDW�SHUIRUPV
JURXSLQJ�RQ�D�UHODWLRQ�DQG�WKHQ�ILQGV�WKH�PD[LPXP�YDOXH�LQ�HDFK�JURXS�E\�GHILQLQJ�D
PDFUR�DV�IROORZV�

DEFINE max_by_group(X, group_key, max_field) RETURNS Y {
  A = GROUP $X by $group_key;
  $Y = FOREACH A GENERATE group, MAX($X.$max_field);
};

7KH�PDFUR��FDOOHG�max_by_group��WDNHV�WKUHH�SDUDPHWHUV��D�UHODWLRQ��X��DQG�WZR�ILHOG
QDPHV��group_key�DQG�max_field��,W�UHWXUQV�D�VLQJOH�UHODWLRQ��Y��:LWKLQ�WKH�PDFUR�ERG\�
SDUDPHWHUV�DQG�UHWXUQ�DOLDVHV�DUH�UHIHUHQFHG�ZLWK�D�$�SUHIL[��VXFK�DV�$X�

7KH�PDFUR�LV�XVHG�DV�IROORZV�

records = LOAD 'input/ncdc/micro-tab/sample.txt'
  AS (year:chararray, temperature:int, quality:int);
filtered_records = FILTER records BY temperature != 9999 AND
  (quality == 0 OR quality == 1 OR quality == 4 OR quality == 5 OR quality == 9);
max_temp = max_by_group(filtered_records, year, temperature);
DUMP max_temp

$W�UXQWLPH��3LJ�ZLOO�H[SDQG�WKH�PDFUR�XVLQJ�WKH�PDFUR�GHILQLWLRQ��$IWHU�H[SDQVLRQ��WKH
SURJUDP�ORRNV�OLNH�WKH�IROORZLQJ��ZLWK�WKH�H[SDQGHG�VHFWLRQ�LQ�EROG�

records = LOAD 'input/ncdc/micro-tab/sample.txt'
  AS (year:chararray, temperature:int, quality:int);
filtered_records = FILTER records BY temperature != 9999 AND
  (quality == 0 OR quality == 1 OR quality == 4 OR quality == 5 OR quality == 9);
macro_max_by_group_A_0 = GROUP filtered_records by (year);
max_temp = FOREACH macro_max_by_group_A_0 GENERATE group,
  MAX(filtered_records.(temperature));
DUMP max_temp

1RUPDOO\�\RX�GRQ¦W�VHH�WKH�H[SDQGHG�IRUP��EHFDXVH�3LJ�FUHDWHV�LW�LQWHUQDOO\��KRZHYHU�
LQ�VRPH�FDVHV�LW�LV�XVHIXO�WR�VHH�LW�ZKHQ�ZULWLQJ�DQG�GHEXJJLQJ�PDFURV��<RX�FDQ�JHW�3LJ
WR� SHUIRUP� PDFUR� H[SDQVLRQ� RQO\� �ZLWKRXW� H[HFXWLQJ� WKH� VFULSW�� E\� SDVVLQJ� WKH�
-dryrun�DUJXPHQW�WR�pig�

1RWLFH�WKDW�WKH�SDUDPHWHUV�WKDW�ZHUH�SDVVHG�WR�WKH�PDFUR��filtered_records��year��DQG
temperature��KDYH�EHHQ�VXEVWLWXWHG�IRU�WKH�QDPHV�LQ�WKH�PDFUR�GHILQLWLRQ��$OLDVHV�LQ
WKH�PDFUR�GHILQLWLRQ�WKDW�GRQ¦W�KDYH�D�$�SUHIL[��VXFK�DV�A�LQ�WKLV�H[DPSOH��DUH�ORFDO�WR
WKH�PDFUR�GHILQLWLRQ�DQG�DUH�UHZULWWHQ�DW�H[SDQVLRQ�WLPH�WR�DYRLG�FRQIOLFWV�ZLWK�DOLDVHV
LQ�RWKHU�SDUWV�RI�WKH�SURJUDP��,Q�WKLV�FDVH��A�EHFRPHV�macro_max_by_group_A_0�LQ�WKH
H[SDQGHG�IRUP�

390 | Chapter 11:ಗPig



7R�IRVWHU�UHXVH��PDFURV�FDQ�EH�GHILQHG�LQ�VHSDUDWH�ILOHV�WR�3LJ�VFULSWV��LQ�ZKLFK�FDVH�WKH\
QHHG�WR�EH�LPSRUWHG�LQWR�DQ\�VFULSW�WKDW�XVHV�WKHP��$Q�LPSRUW�VWDWHPHQW�ORRNV�OLNH�WKLV�

IMPORT './ch11/src/main/pig/max_temp.macro';

User-Defined Functions
3LJ¦V�GHVLJQHUV�UHDOL]HG�WKDW�WKH�DELOLW\�WR�SOXJ�LQ�FXVWRP�FRGH�LV�FUXFLDO�IRU�DOO�EXW�WKH
PRVW�WULYLDO�GDWD�SURFHVVLQJ�MREV��)RU�WKLV�UHDVRQ��WKH\�PDGH�LW�HDV\�WR�GHILQH�DQG�XVH
XVHU�GHILQHG�IXQFWLRQV��:H�RQO\�FRYHU�-DYD�8')V�LQ�WKLV�VHFWLRQ��EXW�EH�DZDUH�WKDW�\RX
FDQ�ZULWH�8')V� LQ�3\WKRQ�RU� -DYD6FULSW� WRR��ERWK�RI�ZKLFK�DUH� UXQ�XVLQJ� WKH� -DYD
6FULSWLQJ�$3,�

A Filter UDF
/HW¦V�GHPRQVWUDWH�E\�ZULWLQJ�D�ILOWHU�IXQFWLRQ�IRU�ILOWHULQJ�RXW�ZHDWKHU�UHFRUGV�WKDW�GR
QRW�KDYH�D�WHPSHUDWXUH�TXDOLW\�UHDGLQJ�RI�VDWLVIDFWRU\��RU�EHWWHU���7KH�LGHD�LV�WR�FKDQJH
WKLV�OLQH�

filtered_records = FILTER records BY temperature != 9999 AND
  (quality == 0 OR quality == 1 OR quality == 4 OR quality == 5 OR quality == 9);

WR�

filtered_records = FILTER records BY temperature != 9999 AND isGood(quality);

7KLV�DFKLHYHV�WZR�WKLQJV��LW�PDNHV�WKH�3LJ�VFULSW�PRUH�FRQFLVH��DQG�LW�HQFDSVXODWHV�WKH
ORJLF�LQ�RQH�SODFH�VR�WKDW�LW�FDQ�EH�HDVLO\�UHXVHG�LQ�RWKHU�VFULSWV��,I�ZH�ZHUH�MXVW�ZULWLQJ
DQ�DG�KRF�TXHU\��ZH�SUREDEO\�ZRXOGQ¦W�ERWKHU�WR�ZULWH�D�8')��,W¦V�ZKHQ�\RX�VWDUW�GRLQJ
WKH�VDPH�NLQG�RI�SURFHVVLQJ�RYHU�DQG�RYHU�DJDLQ�WKDW�\RX�VHH�RSSRUWXQLWLHV�IRU�UHXVDEOH
8')V�

)LOWHU�8')V�DUH�DOO�VXEFODVVHV�RI�FilterFunc��ZKLFK�LWVHOI�LV�D�VXEFODVV�RI�EvalFunc��:H¦OO
ORRN�DW�EvalFunc�LQ�PRUH�GHWDLO�ODWHU��EXW�IRU�WKH�PRPHQW�MXVW�QRWH�WKDW��LQ�HVVHQFH��
EvalFunc�ORRNV�OLNH�WKH�IROORZLQJ�FODVV�

public abstract class EvalFunc<T> {
  public abstract T exec(Tuple input) throws IOException;
}

EvalFunc¦V�RQO\�DEVWUDFW�PHWKRG��exec()��WDNHV�D�WXSOH�DQG�UHWXUQV�D�VLQJOH�YDOXH��WKH
�SDUDPHWHUL]HG��W\SH�T��7KH�ILHOGV�LQ�WKH�LQSXW�WXSOH�FRQVLVW�RI�WKH�H[SUHVVLRQV�SDVVHG
WR� WKH� IXQFWLRQ¢LQ� WKLV� FDVH�� D� VLQJOH� LQWHJHU�� )RU� FilterFunc�� T� LV� Boolean�� VR� WKH
PHWKRG�VKRXOG�UHWXUQ�true�RQO\�IRU�WKRVH�WXSOHV�WKDW�VKRXOG�QRW�EH�ILOWHUHG�RXW�

)RU�WKH�TXDOLW\�ILOWHU��ZH�ZULWH�D�FODVV��IsGoodQuality��WKDW�H[WHQGV�FilterFunc�DQG�LP�
SOHPHQWV�WKH�exec()�PHWKRG��6HH�([DPSOH�������7KH�Tuple�FODVV�LV�HVVHQWLDOO\�D�OLVW�RI
REMHFWV�ZLWK�DVVRFLDWHG�W\SHV��+HUH�ZH�DUH�FRQFHUQHG�RQO\�ZLWK�WKH�ILUVW�ILHOG��VLQFH�WKH
IXQFWLRQ�RQO\�KDV�D�VLQJOH�DUJXPHQW���ZKLFK�ZH�H[WUDFW�E\�LQGH[�XVLQJ�WKH�get()�PHWKRG
RQ�Tuple��7KH�ILHOG�LV�DQ�LQWHJHU��VR�LI�LW¦V�QRW�null��ZH�FDVW�LW�DQG�FKHFN�ZKHWKHU�WKH
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YDOXH�LV�RQH�WKDW�VLJQLILHV�WKH�WHPSHUDWXUH�ZDV�D�JRRG�UHDGLQJ��UHWXUQLQJ�WKH�DSSURSULDWH
YDOXH��true�RU�false�

([DPSOH�������$�)LOWHU)XQF�8')�WR�UHPRYH�UHFRUGV�ZLWK�XQVDWLVIDFWRU\�WHPSHUDWXUH�TXDOLW\�UHDGLQJV

package com.hadoopbook.pig;

import java.io.IOException;
import java.util.ArrayList;
import java.util.List;

import org.apache.pig.FilterFunc;
 
import org.apache.pig.backend.executionengine.ExecException;
import org.apache.pig.data.DataType;
import org.apache.pig.data.Tuple;
import org.apache.pig.impl.logicalLayer.FrontendException;

public class IsGoodQuality extends FilterFunc {

  @Override
  public Boolean exec(Tuple tuple) throws IOException {
    if (tuple == null || tuple.size() == 0) {
      return false;
    }
    try {
      Object object = tuple.get(0);
      if (object == null) {
        return false;
      }
      int i = (Integer) object;
      return i == 0 || i == 1 || i == 4 || i == 5 || i == 9;
    } catch (ExecException e) {
      throw new IOException(e);
    }
  }
 
}

7R�XVH�WKH�QHZ�IXQFWLRQ��ZH�ILUVW�FRPSLOH�LW�DQG�SDFNDJH�LW�LQ�D�-$5�ILOH��WKH�H[DPSOH
FRGH�WKDW�DFFRPSDQLHV�WKLV�ERRN�FRPHV�ZLWK�EXLOG�LQVWUXFWLRQV�IRU�KRZ�WR�GR�WKLV��
7KHQ�ZH�WHOO�3LJ�DERXW�WKH�-$5�ILOH�ZLWK�WKH�5(*,67(5�RSHUDWRU��ZKLFK�LV�JLYHQ�WKH
ORFDO�SDWK�WR�WKH�ILOHQDPH��DQG�LV�QRW�HQFORVHG�LQ�TXRWHV��

        grunt> REGISTER pig-examples.jar;

)LQDOO\��ZH�FDQ�LQYRNH�WKH�IXQFWLRQ�

grunt> filtered_records = FILTER records BY temperature != 9999 AND
>>   com.hadoopbook.pig.IsGoodQuality(quality);

3LJ� UHVROYHV� IXQFWLRQ�FDOOV�E\� WUHDWLQJ� WKH� IXQFWLRQ¦V�QDPH�DV�D� -DYD�FODVVQDPH�DQG
DWWHPSWLQJ�WR�ORDG�D�FODVV�RI�WKDW�QDPH���7KLV��LQFLGHQWDOO\��LV�ZK\�IXQFWLRQ�QDPHV�DUH
FDVH�VHQVLWLYH��EHFDXVH�-DYD�FODVVQDPHV�DUH���:KHQ�VHDUFKLQJ�IRU�FODVVHV��3LJ�XVHV�D

392 | Chapter 11:ಗPig



FODVVORDGHU�WKDW�LQFOXGHV�WKH�-$5�ILOHV�WKDW�KDYH�EHHQ�UHJLVWHUHG��:KHQ�UXQQLQJ�LQ�GLV�
WULEXWHG�PRGH��3LJ�ZLOO�HQVXUH�WKDW�\RXU�-$5�ILOHV�JHW�VKLSSHG�WR�WKH�FOXVWHU�

)RU� WKH� 8')� LQ� WKLV� H[DPSOH�� 3LJ� ORRNV� IRU� D� FODVV� ZLWK� WKH� QDPH� com.hadoop
book.pig.IsGoodQuality��ZKLFK�LW�ILQGV�LQ�WKH�-$5�ILOH�ZH�UHJLVWHUHG�

5HVROXWLRQ�RI�EXLOW�LQ�IXQFWLRQV�SURFHHGV�LQ�WKH�VDPH�ZD\��H[FHSW�IRU�RQH�GLIIHUHQFH�
3LJ�KDV�D�VHW�RI�EXLOW�LQ�SDFNDJH�QDPHV�WKDW�LW�VHDUFKHV��VR�WKH�IXQFWLRQ�FDOO�GRHV�QRW
KDYH�WR�EH�D�IXOO\�TXDOLILHG�QDPH��)RU�H[DPSOH��WKH�IXQFWLRQ�MAX�LV�DFWXDOO\�LPSOHPHQWHG
E\�D�FODVV�MAX�LQ�WKH�SDFNDJH�org.apache.pig.builtin��7KLV�LV�RQH�RI�WKH�SDFNDJHV�WKDW
3LJ�ORRNV�LQ��VR�ZH�FDQ�ZULWH�MAX�UDWKHU�WKDQ�org.apache.pig.builtin.MAX�LQ�RXU�3LJ
SURJUDPV�

:H�FDQ�DGG�RXU�SDFNDJH�QDPH�WR�WKH�VHDUFK�SDWK�E\�LQYRNLQJ�*UXQW�ZLWK�WKLV�FRP�
PDQG�OLQH� DUJXPHQW�� -Dudf.import.list=com.hadoopbook.pig�� $OWHUQDWLYHO\�� ZH� FDQ
VKRUWHQ�WKH�IXQFWLRQ�QDPH�E\�GHILQLQJ�DQ�DOLDV��XVLQJ�WKH�'(),1(�RSHUDWRU�

grunt> DEFINE isGood com.hadoopbook.pig.IsGoodQuality();
grunt> filtered_records = FILTER records BY temperature != 9999 AND isGood(quality);

'HILQLQJ�DQ�DOLDV�LV�D�JRRG�LGHD�LI�\RX�ZDQW�WR�XVH�WKH�IXQFWLRQ�VHYHUDO�WLPHV�LQ�WKH�VDPH
VFULSW��,W¦V�DOVR�QHFHVVDU\�LI�\RX�ZDQW�WR�SDVV�DUJXPHQWV�WR�WKH�FRQVWUXFWRU�RI�WKH�8')¦V
LPSOHPHQWDWLRQ�FODVV�

Leveraging types
7KH�ILOWHU�ZRUNV�ZKHQ�WKH�TXDOLW\�ILHOG�LV�GHFODUHG�WR�EH�RI�W\SH�int��EXW�LI�WKH�W\SH
LQIRUPDWLRQ�LV�DEVHQW��WKH�8')�IDLOV��7KLV�KDSSHQV�EHFDXVH�WKH�ILHOG�LV�WKH�GHIDXOW�W\SH��
bytearray��UHSUHVHQWHG�E\�WKH�DataByteArray�FODVV��%HFDXVH�DataByteArray� LV�QRW�DQ�
Integer��WKH�FDVW�IDLOV�

7KH�REYLRXV�ZD\�WR�IL[�WKLV�LV�WR�FRQYHUW�WKH�ILHOG�WR�DQ�LQWHJHU�LQ�WKH�exec()�PHWKRG�
+RZHYHU��WKHUH�LV�D�EHWWHU�ZD\��ZKLFK�LV�WR�WHOO�3LJ�WKH�W\SHV�RI�WKH�ILHOGV�WKDW�WKH�IXQFWLRQ
H[SHFWV��7KH�getArgToFuncMapping()�PHWKRG�RQ�EvalFunc�LV�SURYLGHG�IRU�SUHFLVHO\�WKLV
UHDVRQ��:H�FDQ�RYHUULGH�LW�WR�WHOO�3LJ�WKDW�WKH�ILUVW�ILHOG�VKRXOG�EH�DQ�LQWHJHU�

  @Override
  public List<FuncSpec> getArgToFuncMapping() throws FrontendException {
    List<FuncSpec> funcSpecs = new ArrayList<FuncSpec>();
    funcSpecs.add(new FuncSpec(this.getClass().getName(),
        new Schema(new Schema.FieldSchema(null, DataType.INTEGER))));

    return funcSpecs;
  }

7KLV�PHWKRG�UHWXUQV�D�FuncSpec�REMHFW�FRUUHVSRQGLQJ�WR�HDFK�RI�WKH�ILHOGV�RI�WKH�WXSOH
WKDW�DUH�SDVVHG�WR�WKH�exec()�PHWKRG��+HUH�WKHUH�LV�D�VLQJOH�ILHOG��DQG�ZH�FRQVWUXFW�DQ
DQRQ\PRXV�FieldSchema��WKH�QDPH�LV�SDVVHG�DV�null��VLQFH�3LJ�LJQRUHV�WKH�QDPH�ZKHQ
GRLQJ� W\SH� FRQYHUVLRQ��� 7KH� W\SH� LV� VSHFLILHG� XVLQJ� WKH� INTEGER� FRQVWDQW� RQ� 3LJ¦V�
DataType�FODVV�
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:LWK�WKH�DPHQGHG�IXQFWLRQ��3LJ�ZLOO�DWWHPSW�WR�FRQYHUW�WKH�DUJXPHQW�SDVVHG�WR�WKH
IXQFWLRQ�WR�DQ�LQWHJHU��,I�WKH�ILHOG�FDQQRW�EH�FRQYHUWHG��WKHQ�D�null�LV�SDVVHG�IRU�WKH
ILHOG��7KH�exec()�PHWKRG�DOZD\V�UHWXUQV�false�ZKHQ�WKH�ILHOG�LV�null��)RU�WKLV�DSSOLFD�
WLRQ��WKLV�EHKDYLRU�LV�DSSURSULDWH��DV�ZH�ZDQW�WR�ILOWHU�RXW�UHFRUGV�ZKRVH�TXDOLW\�ILHOG
LV�XQLQWHOOLJLEOH�

+HUH¦V�WKH�ILQDO�SURJUDP�XVLQJ�WKH�QHZ�IXQFWLRQ�

-- max_temp_filter_udf.pig
REGISTER pig-examples.jar;
DEFINE isGood com.hadoopbook.pig.IsGoodQuality();
records = LOAD 'input/ncdc/micro-tab/sample.txt'
  AS (year:chararray, temperature:int, quality:int);
filtered_records = FILTER records BY temperature != 9999 AND isGood(quality);
grouped_records = GROUP filtered_records BY year;
max_temp = FOREACH grouped_records GENERATE group,
  MAX(filtered_records.temperature);
DUMP max_temp;

An Eval UDF
:ULWLQJ�DQ�HYDO�IXQFWLRQ�LV�D�VPDOO�VWHS�XS�IURP�ZULWLQJ�D�ILOWHU�IXQFWLRQ��&RQVLGHU�WKH
8')� �LQ� ([DPSOH� ������� ZKLFK� WULPV� WKH� OHDGLQJ� DQG� WUDLOLQJ� ZKLWHVSDFH� IURP�
chararray�YDOXHV��MXVW�OLNH�WKH�trim()�PHWKRG�RQ�java.lang.String��:H�ZLOO�XVH�WKLV
8')�ODWHU�LQ�WKH�FKDSWHU�

([DPSOH�������$Q�(YDO)XQF�8')�WR�WULP�OHDGLQJ�DQG�WUDLOLQJ�ZKLWHVSDFH�IURP�FKDUDUUD\�YDOXHV

public class Trim extends EvalFunc<String> {

  @Override
  public String exec(Tuple input) throws IOException {
    if (input == null || input.size() == 0) {
      return null;
    }
    try {
      Object object = input.get(0);
      if (object == null) {
        return null;
      }
      return ((String) object).trim();
    } catch (ExecException e) {
      throw new IOException(e);
    }
  }

  @Override
  public List<FuncSpec> getArgToFuncMapping() throws FrontendException {
    List<FuncSpec> funcList = new ArrayList<FuncSpec>();
    funcList.add(new FuncSpec(this.getClass().getName(), new Schema(
        new Schema.FieldSchema(null, DataType.CHARARRAY))));

    return funcList;

394 | Chapter 11:ಗPig



  }
}

$Q�HYDO�IXQFWLRQ�H[WHQGV�WKH�EvalFunc�FODVV��SDUDPHWHUL]HG�E\�WKH�W\SH�RI�WKH�UHWXUQ
YDOXH� �ZKLFK� LV� String� IRU� WKH� Trim�8')����7KH� exec()� DQG� getArgToFuncMapping()
PHWKRGV�DUH�VWUDLJKWIRUZDUG��OLNH�WKH�RQHV�LQ�WKH�IsGoodQuality�8')�

:KHQ�\RX�ZULWH�DQ�HYDO�IXQFWLRQ��\RX�QHHG�WR�FRQVLGHU�ZKDW�WKH�RXWSXW¦V�VFKHPD�ORRNV
OLNH��,Q�WKH�IROORZLQJ�VWDWHPHQW��WKH�VFKHPD�RI�%�LV�GHWHUPLQHG�E\�WKH�IXQFWLRQ�udf�

B = FOREACH A GENERATE udf($0);

,I�udf� FUHDWHV� WXSOHV�ZLWK� VFDODU� ILHOGV�� WKHQ�3LJ� FDQ�GHWHUPLQH�%¦V� VFKHPD� WKURXJK
UHIOHFWLRQ��)RU�FRPSOH[�W\SHV�VXFK�DV�EDJV��WXSOHV��RU�PDSV��3LJ�QHHGV�PRUH�KHOS��DQG
\RX�VKRXOG�LPSOHPHQW�WKH�outputSchema()�PHWKRG�WR�JLYH�3LJ�WKH�LQIRUPDWLRQ�DERXW
WKH�RXWSXW�VFKHPD�

7KH�Trim�8')�UHWXUQV�D�VWULQJ��ZKLFK�3LJ�WUDQVODWHV�DV�D�chararray��DV�FDQ�EH�VHHQ�IURP
WKH�IROORZLQJ�VHVVLRQ�

grunt> DUMP A;
( pomegranate)
(banana  )
(apple)
(  lychee )
grunt> DESCRIBE A;
A: {fruit: chararray}
grunt> B = FOREACH A GENERATE com.hadoopbook.pig.Trim(fruit);
grunt> DUMP B;
(pomegranate)
(banana)
(apple)
(lychee)
grunt> DESCRIBE B;
B: {chararray}

$�KDV�chararray�ILHOGV�WKDW�KDYH�OHDGLQJ�DQG�WUDLOLQJ�VSDFHV��:H�FUHDWH�%�IURP�$�E\
DSSO\LQJ�WKH�Trim�IXQFWLRQ�WR�WKH�ILUVW�ILHOG�LQ�$��QDPHG�fruit���%¦V�ILHOGV�DUH�FRUUHFWO\
LQIHUUHG�WR�EH�RI�W\SH�chararray�

Dynamic invokers
6RPHWLPHV�\RX�ZDQW�WR�XVH�D�IXQFWLRQ�WKDW�LV�SURYLGHG�E\�D�-DYD�OLEUDU\��EXW�ZLWKRXW
JRLQJ�WR�WKH�HIIRUW�RI�ZULWLQJ�D�8')��'\QDPLF�LQYRNHUV�DOORZ�\RX�WR�GR�WKLV�E\�FDOOLQJ
-DYD�PHWKRGV�GLUHFWO\�IURP�D�3LJ�VFULSW��7KH�WUDGH�RII�LV�WKDW�PHWKRG�FDOOV�DUH�PDGH�YLD
UHIOHFWLRQ��ZKLFK�FDQ�LPSRVH�VLJQLILFDQW�RYHUKHDG�ZKHQ�FDOOHG�IRU�HYHU\�UHFRUG�LQ�D
ODUJH�GDWDVHW��6R�IRU�VFULSWV�WKDW�DUH�UXQ�UHSHDWHGO\��D�GHGLFDWHG�8')�LV�QRUPDOO\�SUH�
IHUUHG�

�� $OWKRXJK�QRW�UHOHYDQW�IRU�WKLV�H[DPSOH��HYDO�IXQFWLRQV�WKDW�RSHUDWH�RQ�D�EDJ�PD\�DGGLWLRQDOO\�LPSOHPHQW
3LJ¦V�Algebraic�RU�Accumulator�LQWHUIDFHV�IRU�PRUH�HIILFLHQW�SURFHVVLQJ�RI�WKH�EDJ�LQ�FKXQNV�
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7KH�IROORZLQJ�VQLSSHW�VKRZV�KRZ�ZH�FRXOG�GHILQH�DQG�XVH�D�WULP�8')�WKDW�XVHV�WKH
$SDFKH�&RPPRQV�/DQJ�StringUtils�FODVV�

grunt> DEFINE trim InvokeForString('org.apache.commons.lang.StringUtils.trim', 'String');
grunt> B = FOREACH A GENERATE trim(fruit);
grunt> DUMP B;
(pomegranate)
(banana)
(apple)
(lychee)

7KH� InvokeForString� LQYRNHU� LV� XVHG� EHFDXVH� WKH� UHWXUQ� W\SH� RI� WKH� PHWKRG� LV� D
String���7KHUH�DUH�DOVR�InvokeForInt��InvokeForLong��InvokeForDouble��DQG�InvokeFor
Float� LQYRNHUV���7KH� ILUVW�DUJXPHQW� WR� WKH� LQYRNHU�FRQVWUXFWRU� LV� WKH� IXOO\�TXDOLILHG
PHWKRG�WR�EH�LQYRNHG��7KH�VHFRQG�LV�D�VSDFH�VHSDUDWHG�OLVW�RI�WKH�PHWKRG�DUJXPHQW
FODVVHV�

A Load UDF
:H¦OO�GHPRQVWUDWH�D�FXVWRP�ORDG�IXQFWLRQ�WKDW�FDQ�UHDG�SODLQ�WH[W�FROXPQ�UDQJHV�DV
ILHOGV��YHU\�PXFK�OLNH�WKH�8QL[�cut�FRPPDQG��,W�LV�XVHG�DV�IROORZV�

grunt> records = LOAD 'input/ncdc/micro/sample.txt'
>>   USING com.hadoopbook.pig.CutLoadFunc('16-19,88-92,93-93')
>>   AS (year:int, temperature:int, quality:int);
grunt> DUMP records;
(1950,0,1)
(1950,22,1)
(1950,-11,1)
(1949,111,1)
(1949,78,1)

7KH�VWULQJ�SDVVHG�WR�CutLoadFunc�LV�WKH�FROXPQ�VSHFLILFDWLRQ��HDFK�FRPPD�VHSDUDWHG
UDQJH�GHILQHV�D�ILHOG��ZKLFK�LV�DVVLJQHG�D�QDPH�DQG�W\SH�LQ�WKH�$6�FODXVH��/HW¦V�H[DPLQH
WKH�LPSOHPHQWDWLRQ�RI�CutLoadFunc��VKRZQ�LQ�([DPSOH������

([DPSOH�������$�/RDG)XQF�8')�WR�ORDG�WXSOH�ILHOGV�DV�FROXPQ�UDQJHV

public class CutLoadFunc extends LoadFunc {

  private static final Log LOG = LogFactory.getLog(CutLoadFunc.class);

  private final List<Range> ranges;
  private final TupleFactory tupleFactory = TupleFactory.getInstance();
  private RecordReader reader;

  public CutLoadFunc(String cutPattern) {
    ranges = Range.parse(cutPattern);
  }
  
  @Override
  public void setLocation(String location, Job job)
      throws IOException {

396 | Chapter 11:ಗPig



    FileInputFormat.setInputPaths(job, location);
  }
  
  @Override
  public InputFormat getInputFormat() {
    return new TextInputFormat();
  }
  
  @Override
  public void prepareToRead(RecordReader reader, PigSplit split) {
    this.reader = reader;
  }

  @Override
  public Tuple getNext() throws IOException {
    try {
      if (!reader.nextKeyValue()) {
        return null;
      }
      Text value = (Text) reader.getCurrentValue();
      String line = value.toString();
      Tuple tuple = tupleFactory.newTuple(ranges.size());
      for (int i = 0; i < ranges.size(); i++) {
        Range range = ranges.get(i);
        if (range.getEnd() > line.length()) {
          LOG.warn(String.format(
              "Range end (%s) is longer than line length (%s)",
              range.getEnd(), line.length()));
          continue;
        }
        tuple.set(i, new DataByteArray(range.getSubstring(line)));
      }
      return tuple;
    } catch (InterruptedException e) {
      throw new ExecException(e);
    }
  }
}

,Q�3LJ��OLNH�LQ�+DGRRS��GDWD�ORDGLQJ�WDNHV�SODFH�EHIRUH�WKH�PDSSHU�UXQV��VR�LW�LV�LP�
SRUWDQW�WKDW�WKH�LQSXW�FDQ�EH�VSOLW�LQWR�SRUWLRQV�WKDW�DUH�KDQGOHG�LQGHSHQGHQWO\�E\�HDFK
PDSSHU��VHH�£,QSXW�6SOLWV�DQG�5HFRUGV¤�RQ�SDJH�����IRU�EDFNJURXQG��

)URP�3LJ��������WKH�ORDG�DQG�VWRUH�IXQFWLRQ�LQWHUIDFHV�KDYH�EHHQ�RYHUKDXOHG�WR�EH�PRUH
FORVHO\�DOLJQHG�ZLWK�+DGRRS¦V�InputFormat�DQG�OutputFormat�FODVVHV��)XQFWLRQV�ZULWWHQ
IRU�SUHYLRXV�YHUVLRQV�RI�3LJ�ZLOO�QHHG�UHZULWLQJ��JXLGHOLQHV�IRU�GRLQJ�VR�DUH�SURYLGHG�DW
KWWS���ZLNL�DSDFKH�RUJ�SLJ�/RDG6WRUH0LJUDWLRQ*XLGH���$�LoadFunc�ZLOO�W\SLFDOO\�XVH�DQ
H[LVWLQJ�XQGHUO\LQJ�InputFormat�WR�FUHDWH�UHFRUGV��ZLWK�WKH�LoadFunc�SURYLGLQJ�WKH�ORJLF
IRU�WXUQLQJ�WKH�UHFRUGV�LQWR�3LJ�WXSOHV�

CutLoadFunc�LV�FRQVWUXFWHG�ZLWK�D�VWULQJ�WKDW�VSHFLILHV�WKH�FROXPQ�UDQJHV�WR�XVH�IRU�HDFK
ILHOG��7KH�ORJLF�IRU�SDUVLQJ�WKLV�VWULQJ�DQG�FUHDWLQJ�D�OLVW�RI�LQWHUQDO�Range�REMHFWV�WKDW
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HQFDSVXODWHV�WKHVH�UDQJHV�LV�FRQWDLQHG�LQ�WKH�Range�FODVV��DQG�LV�QRW�VKRZQ�KHUH��LW�LV
DYDLODEOH�LQ�WKH�H[DPSOH�FRGH�WKDW�DFFRPSDQLHV�WKLV�ERRN��

3LJ�FDOOV�setLocation()�RQ�D�LoadFunc�WR�SDVV�WKH�LQSXW�ORFDWLRQ�WR�WKH�ORDGHU��6LQFH�
CutLoadFunc�XVHV�D�TextInputFormat�WR�EUHDN�WKH�LQSXW�LQWR�OLQHV��ZH�MXVW�SDVV�WKH�OR�
FDWLRQ�WR�VHW�WKH�LQSXW�SDWK�XVLQJ�D�VWDWLF�PHWKRG�RQ�FileInputFormat�

3LJ�XVHV�WKH�QHZ�0DS5HGXFH�$3,��VR�ZH�XVH�WKH�LQSXW�DQG�RXWSXW�IRU�
PDWV� DQG� DVVRFLDWHG� FODVVHV� IURP� WKH� org.apache.hadoop.mapreduce
SDFNDJH�

1H[W��3LJ�FDOOV�WKH�getInputFormat()�PHWKRG�WR�FUHDWH�D�RecordReader�IRU�HDFK�VSOLW��MXVW
OLNH�LQ�0DS5HGXFH��3LJ�SDVVHV�HDFK�RecordReader�WR�WKH�prepareToRead()�PHWKRG�RI�
CutLoadFunc��ZKLFK�ZH�VWRUH�D�UHIHUHQFH�WR��VR�ZH�FDQ�XVH�LW�LQ�WKH�getNext()�PHWKRG
IRU�LWHUDWLQJ�WKURXJK�WKH�UHFRUGV�

7KH�3LJ�UXQWLPH�FDOOV�getNext()�UHSHDWHGO\��DQG�WKH�ORDG�IXQFWLRQ�UHDGV�WXSOHV�IURP�WKH
UHDGHU�XQWLO�WKH�UHDGHU�UHDFKHV�WKH�ODVW�UHFRUG�LQ�LWV�VSOLW��$W�WKLV�SRLQW��LW�UHWXUQV�null
WR�VLJQDO�WKDW�WKHUH�DUH�QR�PRUH�WXSOHV�WR�EH�UHDG�

,W�LV�WKH�UHVSRQVLELOLW\�RI�WKH�getNext()�LPSOHPHQWDWLRQ�WR�WXUQ�OLQHV�RI�WKH�LQSXW�ILOH
LQWR�Tuple�REMHFWV��,W�GRHV�WKLV�E\�PHDQV�RI�D�TupleFactory��D�3LJ�FODVV�IRU�FUHDWLQJ�
Tuple�LQVWDQFHV��7KH�newTuple()�PHWKRG�FUHDWHV�D�QHZ�WXSOH�ZLWK�WKH�UHTXLUHG�QXPEHU
RI�ILHOGV��ZKLFK�LV�MXVW�WKH�QXPEHU�RI�Range�FODVVHV��DQG�WKH�ILHOGV�DUH�SRSXODWHG�XVLQJ
VXEVWULQJV�RI�WKH�OLQH��ZKLFK�DUH�GHWHUPLQHG�E\�WKH�Range�REMHFWV�

:H�QHHG�WR�WKLQN�DERXW�ZKDW�WR�GR�ZKHQ�WKH�OLQH�LV�VKRUWHU�WKDQ�WKH�UDQJH�DVNHG�IRU�
2QH�RSWLRQ�LV�WR�WKURZ�DQ�H[FHSWLRQ�DQG�VWRS�IXUWKHU�SURFHVVLQJ��7KLV�LV�DSSURSULDWH
LI�\RXU�DSSOLFDWLRQ�FDQQRW�WROHUDWH�LQFRPSOHWH�RU�FRUUXSW�UHFRUGV��,Q�PDQ\�FDVHV��LW�LV
EHWWHU�WR�UHWXUQ�D�WXSOH�ZLWK�null�ILHOGV�DQG�OHW�WKH�3LJ�VFULSW�KDQGOH�WKH�LQFRPSOHWH�GDWD
DV�LW�VHHV�ILW��7KLV�LV�WKH�DSSURDFK�ZH�WDNH�KHUH��E\�H[LWLQJ�WKH�IRU�ORRS�LI�WKH�UDQJH�HQG
LV�SDVW�WKH�HQG�RI�WKH�OLQH��ZH�OHDYH�WKH�FXUUHQW�ILHOG�DQG�DQ\�VXEVHTXHQW�ILHOGV�LQ�WKH
WXSOH�ZLWK�WKHLU�GHIDXOW�YDOXH�RI�null�

Using a schema
/HW¦V�QRZ�FRQVLGHU�WKH�W\SH�RI�WKH�ILHOGV�EHLQJ�ORDGHG��,I�WKH�XVHU�KDV�VSHFLILHG�D�VFKHPD�
WKHQ�WKH�ILHOGV�QHHG�WR�EH�FRQYHUWHG�WR�WKH�UHOHYDQW�W\SHV��+RZHYHU��WKLV�LV�SHUIRUPHG
OD]LO\�E\�3LJ��DQG�VR�WKH�ORDGHU�VKRXOG�DOZD\V�FRQVWUXFW�WXSOHV�RI�W\SH�bytearrary��XVLQJ
WKH�DataByteArray�W\SH��7KH�ORDGHU�IXQFWLRQ�VWLOO�KDV�WKH�RSSRUWXQLW\�WR�GR�WKH�FRQ�
YHUVLRQ��KRZHYHU��E\�RYHUULGLQJ�getLoadCaster()�WR�UHWXUQ�D�FXVWRP�LPSOHPHQWDWLRQ
RI�WKH�LoadCaster�LQWHUIDFH��ZKLFK�SURYLGHV�D�FROOHFWLRQ�RI�FRQYHUVLRQ�PHWKRGV�IRU�WKLV
SXUSRVH�

public interface LoadCaster {
  public Integer bytesToInteger(byte[] b) throws IOException;
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  public Long bytesToLong(byte[] b) throws IOException;
  public Float bytesToFloat(byte[] b) throws IOException;
  public Double bytesToDouble(byte[] b) throws IOException;
  public String bytesToCharArray(byte[] b) throws IOException;
  public Map<String, Object> bytesToMap(byte[] b) throws IOException;
  public Tuple bytesToTuple(byte[] b) throws IOException;
  public DataBag bytesToBag(byte[] b) throws IOException;
}

CutLoadFunc�GRHVQ¦W�RYHUULGH�getLoadCaster()�EHFDXVH�WKH�GHIDXOW�LPSOHPHQWDWLRQ�UH�
WXUQV�Utf8StorageConverter��ZKLFK�SURYLGHV�VWDQGDUG�FRQYHUVLRQV�EHWZHHQ�87)���HQ�
FRGHG�GDWD�DQG�3LJ�GDWD�W\SHV�

,Q�VRPH�FDVHV��WKH�ORDG�IXQFWLRQ�LWVHOI�FDQ�GHWHUPLQH�WKH�VFKHPD��)RU�H[DPSOH��LI�ZH
ZHUH�ORDGLQJ�VHOI�GHVFULELQJ�GDWD�VXFK�DV�;0/�RU�-621��ZH�FRXOG�FUHDWH�D�VFKHPD�IRU
3LJ�E\�ORRNLQJ�DW�WKH�GDWD��$OWHUQDWLYHO\��WKH�ORDG�IXQFWLRQ�PD\�GHWHUPLQH�WKH�VFKHPD
LQ�DQRWKHU�ZD\��VXFK�DV�DQ�H[WHUQDO�ILOH��RU�E\�EHLQJ�SDVVHG�LQIRUPDWLRQ�LQ�LWV�FRQVWUXF�
WRU��7R�VXSSRUW�VXFK�FDVHV��WKH�ORDG�IXQFWLRQ�VKRXOG�LPSOHPHQW�WKH�LoadMetadata�LQ�
WHUIDFH� �LQ� DGGLWLRQ� WR� WKH�LoadFunc� LQWHUIDFH�� VR� LW� FDQ� VXSSO\� D� VFKHPD� WR� WKH�3LJ
UXQWLPH��1RWH��KRZHYHU��WKDW�LI�D�XVHU�VXSSOLHV�D�VFKHPD�LQ�WKH�$6�FODXVH�RI�/2$'�
WKHQ�LW�WDNHV�SUHFHGHQFH�RYHU�WKH�VFKHPD�RQH�VSHFLILHG�WKURXJK�WKH�LoadMetadata�LQ�
WHUIDFH�

$�ORDG�IXQFWLRQ�PD\�DGGLWLRQDOO\�LPSOHPHQW�WKH�LoadPushDown�LQWHUIDFH�DV�D�PHDQV�IRU
ILQGLQJ�RXW�ZKLFK�FROXPQV�WKH�TXHU\�LV�DVNLQJ�IRU��7KLV�FDQ�EH�D�XVHIXO�RSWLPL]DWLRQ
IRU�FROXPQ�RULHQWHG�VWRUDJH��VR�WKDW�WKH�ORDGHU�ORDGV�RQO\�WKH�FROXPQV�WKDW�DUH�QHHGHG
E\�WKH�TXHU\��7KHUH�LV�QR�REYLRXV�ZD\�IRU�CutLoadFunc�WR�ORDG�RQO\�D�VXEVHW�RI�FROXPQV�
EHFDXVH�LW�UHDGV�WKH�ZKROH�OLQH�IRU�HDFK�WXSOH��VR�ZH�GRQ¦W�XVH�WKLV�RSWLPL]DWLRQ�

Data Processing Operators

Loading and Storing Data
7KURXJKRXW� WKLV�FKDSWHU��ZH�KDYH� VHHQ�KRZ�WR� ORDG�GDWD� IURP�H[WHUQDO� VWRUDJH� IRU
SURFHVVLQJ�LQ�3LJ��6WRULQJ�WKH�UHVXOWV�LV�VWUDLJKWIRUZDUG��WRR��+HUH¦V�DQ�H[DPSOH�RI�XVLQJ
3LJ6WRUDJH�WR�VWRUH�WXSOHV�DV�SODLQ�WH[W�YDOXHV�VHSDUDWHG�E\�D�FRORQ�FKDUDFWHU�

grunt> STORE A INTO 'out' USING PigStorage(':');
grunt> cat out
Joe:cherry:2
Ali:apple:3
Joe:banana:2
Eve:apple:7

2WKHU�EXLOW�LQ�VWRUDJH�IXQFWLRQV�ZHUH�GHVFULEHG�LQ�7DEOH������

Data Processing Operators | 399



Filtering Data
2QFH�\RX�KDYH�VRPH�GDWD�ORDGHG�LQWR�D�UHODWLRQ��RIWHQ�WKH�QH[W�VWHS�LV�WR�ILOWHU�LW�WR
UHPRYH�WKH�GDWD�WKDW�\RX�DUH�QRW�LQWHUHVWHG�LQ��%\�ILOWHULQJ�HDUO\�LQ�WKH�SURFHVVLQJ�SLSH�
OLQH��\RX�PLQLPL]H�WKH�DPRXQW�RI�GDWD�IORZLQJ�WKURXJK�WKH�V\VWHP��ZKLFK�FDQ�LPSURYH
HIILFLHQF\�

FOREACH...GENERATE
:H�KDYH�DOUHDG\�VHHQ�KRZ�WR�UHPRYH�URZV�IURP�D�UHODWLRQ�XVLQJ�WKH�),/7(5�RSHUDWRU
ZLWK�VLPSOH�H[SUHVVLRQV�DQG�D�8')��7KH�)25($&+���*(1(5$7(�RSHUDWRU�LV�XVHG�WR
DFW�RQ�HYHU\�URZ�LQ�D�UHODWLRQ��,W�FDQ�EH�XVHG�WR�UHPRYH�ILHOGV�RU�WR�JHQHUDWH�QHZ�RQHV�
,Q�WKLV�H[DPSOH��ZH�GR�ERWK�

grunt> DUMP A;
(Joe,cherry,2)
(Ali,apple,3)
(Joe,banana,2)
(Eve,apple,7)
grunt> B = FOREACH A GENERATE $0, $2+1, 'Constant';
grunt> DUMP B;
(Joe,3,Constant)
(Ali,4,Constant)
(Joe,3,Constant)
(Eve,8,Constant)

+HUH�ZH�KDYH�FUHDWHG�D�QHZ�UHODWLRQ�%�ZLWK�WKUHH�ILHOGV��,WV�ILUVW�ILHOG�LV�D�SURMHFWLRQ�RI
WKH�ILUVW�ILHOG��$0��RI�$��%¦V�VHFRQG�ILHOG�LV�WKH�WKLUG�ILHOG�RI�$��$2��ZLWK�RQH�DGGHG�WR�LW�
%¦V�WKLUG�ILHOG�LV�D�FRQVWDQW�ILHOG��HYHU\�URZ�LQ�%�KDV�WKH�VDPH�WKLUG�ILHOG��ZLWK�WKH�
chararray�YDOXH�Constant�

7KH�)25($&+���*(1(5$7(�RSHUDWRU�KDV�D�QHVWHG�IRUP�WR�VXSSRUW�PRUH�FRPSOH[
SURFHVVLQJ��,Q�WKH�IROORZLQJ�H[DPSOH��ZH�FRPSXWH�YDULRXV�VWDWLVWLFV�IRU�WKH�ZHDWKHU
GDWDVHW�

-- year_stats.pig
REGISTER pig-examples.jar;
DEFINE isGood com.hadoopbook.pig.IsGoodQuality();
records = LOAD 'input/ncdc/all/19{1,2,3,4,5}0*'
  USING com.hadoopbook.pig.CutLoadFunc('5-10,11-15,16-19,88-92,93-93')
  AS (usaf:chararray, wban:chararray, year:int, temperature:int, quality:int);
  
grouped_records = GROUP records BY year PARALLEL 30;

year_stats = FOREACH grouped_records {
  uniq_stations = DISTINCT records.usaf;
  good_records = FILTER records BY isGood(quality);
  GENERATE FLATTEN(group), COUNT(uniq_stations) AS station_count,
    COUNT(good_records) AS good_record_count, COUNT(records) AS record_count;
}

DUMP year_stats;
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8VLQJ�WKH�FXW�8')�ZH�GHYHORSHG�HDUOLHU��ZH�ORDG�YDULRXV�ILHOGV�IURP�WKH�LQSXW�GDWDVHW
LQWR�WKH�records�UHODWLRQ��1H[W��ZH�JURXS�records�E\�\HDU��1RWLFH�WKH�3$5$//(/�NH\�
ZRUG�IRU�VHWWLQJ�WKH�QXPEHU�RI�UHGXFHUV�WR�XVH��WKLV�LV�YLWDO�ZKHQ�UXQQLQJ�RQ�D�FOXVWHU�
7KHQ�ZH�SURFHVV�HDFK�JURXS�XVLQJ�D�QHVWHG�)25($&+���*(1(5$7(�RSHUDWRU��7KH
ILUVW�QHVWHG�VWDWHPHQW�FUHDWHV�D�UHODWLRQ�IRU�WKH�GLVWLQFW�86$)�LGHQWLILHUV�IRU�VWDWLRQV
XVLQJ�WKH�',67,1&7�RSHUDWRU��7KH�VHFRQG�QHVWHG�VWDWHPHQW�FUHDWHV�D�UHODWLRQ�IRU�WKH
UHFRUGV�ZLWK�£JRRG¤�UHDGLQJV�XVLQJ�WKH�),/7(5�RSHUDWRU�DQG�D�8')��7KH�ILQDO�QHVWHG
VWDWHPHQW�LV�D�*(1(5$7(�VWDWHPHQW��D�QHVWHG�)25($&+���*(1(5$7(�PXVW�DOZD\V
KDYH�D�*(1(5$7(�VWDWHPHQW�DV�WKH�ODVW�QHVWHG�VWDWHPHQW��WKDW�JHQHUDWHV�WKH�VXPPDU\
ILHOGV�RI�LQWHUHVW�XVLQJ�WKH�JURXSHG�UHFRUGV��DV�ZHOO�DV�WKH�UHODWLRQV�FUHDWHG�LQ�WKH�QHVWHG
EORFN�

5XQQLQJ�LW�RQ�D�IHZ�\HDUV�RI�GDWD��ZH�JHW�WKH�IROORZLQJ�

(1920,8L,8595L,8595L)
(1950,1988L,8635452L,8641353L)
(1930,121L,89245L,89262L)
(1910,7L,7650L,7650L)
(1940,732L,1052333L,1052976L)

7KH�ILHOGV�DUH�\HDU��QXPEHU�RI�XQLTXH�VWDWLRQV��WRWDO�QXPEHU�RI�JRRG�UHDGLQJV��DQG�WRWDO
QXPEHU�RI�UHDGLQJV��:H�FDQ�VHH�KRZ�WKH�QXPEHU�RI�ZHDWKHU�VWDWLRQV�DQG�UHDGLQJV�JUHZ
RYHU�WLPH�

STREAM
7KH�675($0�RSHUDWRU�DOORZV�\RX�WR�WUDQVIRUP�GDWD�LQ�D�UHODWLRQ�XVLQJ�DQ�H[WHUQDO
SURJUDP�RU�VFULSW��,W�LV�QDPHG�E\�DQDORJ\�ZLWK�+DGRRS�6WUHDPLQJ��ZKLFK�SURYLGHV�D
VLPLODU�FDSDELOLW\�IRU�0DS5HGXFH��VHH�£+DGRRS�6WUHDPLQJ¤�RQ�SDJH�����

675($0�FDQ�XVH�EXLOW�LQ�FRPPDQGV�ZLWK�DUJXPHQWV��+HUH�LV�DQ�H[DPSOH�WKDW�XVHV�WKH
8QL[�cut�FRPPDQG�WR�H[WUDFW�WKH�VHFRQG�ILHOG�RI�HDFK�WXSOH�LQ�$��1RWH�WKDW�WKH�FRP�
PDQG�DQG�LWV�DUJXPHQWV�DUH�HQFORVHG�LQ�EDFNWLFNV�

grunt> C = STREAM A THROUGH `cut -f 2`;
grunt> DUMP C;
(cherry)
(apple)
(banana)
(apple)

7KH�675($0�RSHUDWRU�XVHV�3LJ6WRUDJH�WR�VHULDOL]H�DQG�GHVHULDOL]H�UHODWLRQV�WR�DQG�IURP
WKH�SURJUDP¦V�VWDQGDUG�LQSXW�DQG�RXWSXW�VWUHDPV��7XSOHV�LQ�$�DUH�FRQYHUWHG�WR�WDE�
GHOLPLWHG�OLQHV�WKDW�DUH�SDVVHG�WR�WKH�VFULSW��7KH�RXWSXW�RI�WKH�VFULSW�LV�UHDG�RQH�OLQH�DW
D�WLPH�DQG�VSOLW�RQ�WDEV�WR�FUHDWH�QHZ�WXSOHV�IRU�WKH�RXWSXW�UHODWLRQ�&��<RX�FDQ�SURYLGH
D�FXVWRP�VHULDOL]HU�DQG�GHVHULDOL]HU��ZKLFK�LPSOHPHQW�PigToStream�DQG�StreamToPig�
UHVSHFWLYHO\��ERWK�LQ�WKH�org.apache.pig�SDFNDJH���XVLQJ�WKH�'(),1(�RSHUDWRU�

3LJ�VWUHDPLQJ�LV�PRVW�SRZHUIXO�ZKHQ�\RX�ZULWH�FXVWRP�SURFHVVLQJ�VFULSWV��7KH�IROORZ�
LQJ�3\WKRQ�VFULSW�ILOWHUV�RXW�EDG�ZHDWKHU�UHFRUGV�
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#!/usr/bin/env python

import re
import sys

for line in sys.stdin:
  (year, temp, q) = line.strip().split()
  if (temp != "9999" and re.match("[01459]", q)):
    print "%s\t%s" % (year, temp)

7R�XVH�WKH�VFULSW��\RX�QHHG�WR�VKLS�LW�WR�WKH�FOXVWHU��7KLV�LV�DFKLHYHG�YLD�D�'(),1(
FODXVH��ZKLFK�DOVR�FUHDWHV�DQ�DOLDV�IRU�WKH�675($0�FRPPDQG��7KH�675($0�VWDWHPHQW
FDQ�WKHQ�UHIHU�WR�WKH�DOLDV��DV�WKH�IROORZLQJ�3LJ�VFULSW�VKRZV�

-- max_temp_filter_stream.pig
DEFINE is_good_quality `is_good_quality.py`
  SHIP ('ch11/src/main/python/is_good_quality.py');
records = LOAD 'input/ncdc/micro-tab/sample.txt'
  AS (year:chararray, temperature:int, quality:int);
filtered_records = STREAM records THROUGH is_good_quality
  AS (year:chararray, temperature:int);
grouped_records = GROUP filtered_records BY year;
max_temp = FOREACH grouped_records GENERATE group,
  MAX(filtered_records.temperature);
DUMP max_temp;

Grouping and Joining Data
-RLQLQJ�GDWDVHWV�LQ�0DS5HGXFH�WDNHV�VRPH�ZRUN�RQ�WKH�SDUW�RI�WKH�SURJUDPPHU��VHH
£-RLQV¤�RQ�SDJH�������ZKHUHDV�3LJ�KDV�YHU\�JRRG�EXLOW�LQ�VXSSRUW�IRU�MRLQ�RSHUDWLRQV�
PDNLQJ� LW� PXFK�PRUH� DSSURDFKDEOH�� 6LQFH� WKH� ODUJH� GDWDVHWV� WKDW� DUH� VXLWDEOH� IRU
DQDO\VLV�E\�3LJ��DQG�0DS5HGXFH�LQ�JHQHUDO��DUH�QRW�QRUPDOL]HG��MRLQV�DUH�XVHG�PRUH
LQIUHTXHQWO\�LQ�3LJ�WKDQ�WKH\�DUH�LQ�64/�

JOIN
/HW¦V�ORRN�DW�DQ�H[DPSOH�RI�DQ�LQQHU�MRLQ��&RQVLGHU�WKH�UHODWLRQV�$�DQG�%�

grunt> DUMP A;
(2,Tie)
(4,Coat)
(3,Hat)
(1,Scarf)
grunt> DUMP B;
(Joe,2)
(Hank,4)
(Ali,0)
(Eve,3)
(Hank,2)

:H�FDQ�MRLQ�WKH�WZR�UHODWLRQV�RQ�WKH�QXPHULFDO��LGHQWLW\��ILHOG�LQ�HDFK�

grunt> C = JOIN A BY $0, B BY $1;
grunt> DUMP C;
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(2,Tie,Joe,2)
(2,Tie,Hank,2)
(3,Hat,Eve,3)
(4,Coat,Hank,4)

7KLV�LV�D�FODVVLF�LQQHU�MRLQ��ZKHUH�HDFK�PDWFK�EHWZHHQ�WKH�WZR�UHODWLRQV�FRUUHVSRQGV
WR�D�URZ�LQ�WKH�UHVXOW���,W¦V�DFWXDOO\�DQ�HTXLMRLQ�EHFDXVH�WKH�MRLQ�SUHGLFDWH�LV�HTXDOLW\��
7KH�UHVXOW¦V�ILHOGV�DUH�PDGH�XS�RI�DOO�WKH�ILHOGV�RI�DOO�WKH�LQSXW�UHODWLRQV�

<RX�VKRXOG�XVH�WKH�JHQHUDO�MRLQ�RSHUDWRU�ZKHQ�DOO�WKH�UHODWLRQV�EHLQJ�MRLQHG�DUH�WRR
ODUJH�WR�ILW�LQ�PHPRU\��,I�RQH�RI�WKH�UHODWLRQV�LV�VPDOO�HQRXJK�WR�ILW�LQ�PHPRU\��WKHUH�LV
D�VSHFLDO�W\SH�RI�MRLQ�FDOOHG�D�IUDJPHQW�UHSOLFDWH�MRLQ��ZKLFK�LV�LPSOHPHQWHG�E\�GLVWULE�
XWLQJ�WKH�VPDOO�LQSXW�WR�DOO�WKH�PDSSHUV�DQG�SHUIRUPLQJ�D�PDS�VLGH�MRLQ�XVLQJ�DQ�LQ�
PHPRU\�ORRNXS�WDEOH�DJDLQVW�WKH��IUDJPHQWHG��ODUJHU�UHODWLRQ��7KHUH�LV�D�VSHFLDO�V\QWD[
IRU�WHOOLQJ�3LJ�WR�XVH�D�IUDJPHQW�UHSOLFDWH�MRLQ��

          grunt> C = JOIN A BY $0, B BY $1 USING "replicated";

7KH�ILUVW�UHODWLRQ�PXVW�EH�WKH�ODUJH�RQH��IROORZHG�E\�RQH�RU�PRUH�VPDOO�RQHV��DOO�RI
ZKLFK�PXVW�ILW�LQ�PHPRU\��

3LJ�DOVR�VXSSRUWV�RXWHU�MRLQV�XVLQJ�D�V\QWD[�WKDW�LV�VLPLODU�WR�64/¦V��WKLV�LV�FRYHUHG�IRU
+LYH�LQ�£2XWHU�MRLQV¤�RQ�SDJH�������)RU�H[DPSOH�

grunt> C = JOIN A BY $0 LEFT OUTER, B BY $1;
grunt> DUMP C;
(1,Scarf,,)
(2,Tie,Joe,2)
(2,Tie,Hank,2)
(3,Hat,Eve,3)
(4,Coat,Hank,4)

COGROUP
-2,1�DOZD\V�JLYHV�D�IODW�VWUXFWXUH��D�VHW�RI�WXSOHV��7KH�&2*5283�VWDWHPHQW�LV�VLPLODU
WR�-2,1��EXW�LQVWHDG�FUHDWHV�D�QHVWHG�VHW�RI�RXWSXW�WXSOHV��7KLV�FDQ�EH�XVHIXO�LI�\RX
ZDQW�WR�H[SORLW�WKH�VWUXFWXUH�LQ�VXEVHTXHQW�VWDWHPHQWV�

grunt> D = COGROUP A BY $0, B BY $1;
grunt> DUMP D;
(0,{},{(Ali,0)})
(1,{(1,Scarf)},{})
(2,{(2,Tie)},{(Joe,2),(Hank,2)})
(3,{(3,Hat)},{(Eve,3)})
(4,{(4,Coat)},{(Hank,4)})

&2*5283�JHQHUDWHV�D�WXSOH�IRU�HDFK�XQLTXH�JURXSLQJ�NH\��7KH�ILUVW�ILHOG�RI�HDFK�WXSOH
LV�WKH�NH\��DQG�WKH�UHPDLQLQJ�ILHOGV�DUH�EDJV�RI�WXSOHV�IURP�WKH�UHODWLRQV�ZLWK�D�PDWFKLQJ
NH\��7KH�ILUVW�EDJ�FRQWDLQV�WKH�PDWFKLQJ�WXSOHV� IURP�UHODWLRQ�$�ZLWK�WKH�VDPH�NH\�

�� 7KHUH�DUH�PRUH�NH\ZRUGV�WKDW�PD\�EH�XVHG�LQ�WKH�86,1*�FODXVH��LQFOXGLQJ�"skewed"��IRU�ODUJH�GDWDVHWV
ZLWK�D�VNHZHG�NH\VSDFH��DQG�"merge"��WR�HIIHFW�D�PHUJH�MRLQ�IRU�LQSXWV�WKDW�DUH�DOUHDG\�VRUWHG�RQ�WKH�MRLQ
NH\���6HH�3LJ¦V�GRFXPHQWDWLRQ�IRU�GHWDLOV�RQ�KRZ�WR�XVH�WKHVH�VSHFLDOL]HG�MRLQV�
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6LPLODUO\��WKH�VHFRQG�EDJ�FRQWDLQV�WKH�PDWFKLQJ�WXSOHV�IURP�UHODWLRQ�%�ZLWK�WKH�VDPH
NH\�

,I�IRU�D�SDUWLFXODU�NH\�D�UHODWLRQ�KDV�QR�PDWFKLQJ�NH\��WKH�EDJ�IRU�WKDW�UHODWLRQ�LV�HPSW\�
)RU�H[DPSOH��VLQFH�QR�RQH�KDV�ERXJKW�D�VFDUI��ZLWK�,'�����WKH�VHFRQG�EDJ�LQ�WKH�WXSOH
IRU�WKDW�URZ�LV�HPSW\��7KLV�LV�DQ�H[DPSOH�RI�DQ�RXWHU�MRLQ��ZKLFK�LV�WKH�GHIDXOW�W\SH�IRU
&2*5283�� ,W� FDQ� EH� PDGH� H[SOLFLW� XVLQJ� WKH� 287(5� NH\ZRUG�� PDNLQJ� WKLV�
&2*5283�VWDWHPHQW�WKH�VDPH�DV�WKH�SUHYLRXV�RQH�

D = COGROUP A BY $0 OUTER, B BY $1 OUTER;

<RX�FDQ�VXSSUHVV�URZV�ZLWK�HPSW\�EDJV�E\�XVLQJ�WKH�,11(5�NH\ZRUG��ZKLFK�JLYHV�WKH
&2*5283�LQQHU�MRLQ�VHPDQWLFV��7KH�,11(5�NH\ZRUG�LV�DSSOLHG�SHU�UHODWLRQ��VR�WKH
IROORZLQJ�VXSSUHVVHV�URZV�RQO\�ZKHQ�UHODWLRQ�$�KDV�QR�PDWFK��GURSSLQJ�WKH�XQNQRZQ
SURGXFW���KHUH��

grunt> E = COGROUP A BY $0 INNER, B BY $1;
grunt> DUMP E;
(1,{(1,Scarf)},{})
(2,{(2,Tie)},{(Joe,2),(Hank,2)})
(3,{(3,Hat)},{(Eve,3)})
(4,{(4,Coat)},{(Hank,4)})

:H�FDQ�IODWWHQ�WKLV�VWUXFWXUH�WR�GLVFRYHU�ZKR�ERXJKW�HDFK�RI�WKH�LWHPV�LQ�UHODWLRQ�$�

grunt> F = FOREACH E GENERATE FLATTEN(A), B.$0;
grunt> DUMP F;
(1,Scarf,{})
(2,Tie,{(Joe),(Hank)})
(3,Hat,{(Eve)})
(4,Coat,{(Hank)})

8VLQJ�D�FRPELQDWLRQ�RI�&2*5283��,11(5��DQG�)/$77(1��ZKLFK�UHPRYHV�QHVWLQJ�
LW¦V�SRVVLEOH�WR�VLPXODWH�DQ��LQQHU��-2,1�

grunt> G = COGROUP A BY $0 INNER, B BY $1 INNER;
grunt> H = FOREACH G GENERATE FLATTEN($1), FLATTEN($2);
grunt> DUMP H;
(2,Tie,Joe,2)
(2,Tie,Hank,2)
(3,Hat,Eve,3)
(4,Coat,Hank,4)

7KLV�JLYHV�WKH�VDPH�UHVXOW�DV�JOIN A BY $0, B BY $1�

,I�WKH�MRLQ�NH\�LV�FRPSRVHG�RI�VHYHUDO�ILHOGV��\RX�FDQ�VSHFLI\�WKHP�DOO�LQ�WKH�%<�FODXVHV
RI�WKH�-2,1�RU�&2*5283�VWDWHPHQW��0DNH�VXUH�WKDW�WKH�QXPEHU�RI�ILHOGV�LQ�HDFK�%<
FODXVH�LV�WKH�VDPH�

+HUH¦V�DQRWKHU�H[DPSOH�RI�D�MRLQ�LQ�3LJ��LQ�D�VFULSW�IRU�FDOFXODWLQJ�WKH�PD[LPXP�WHP�
SHUDWXUH�IRU�HYHU\�VWDWLRQ�RYHU�D�WLPH�SHULRG�FRQWUROOHG�E\�WKH�LQSXW�

-- max_temp_station_name.pig
REGISTER pig-examples.jar;
DEFINE isGood com.hadoopbook.pig.IsGoodQuality();
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stations = LOAD 'input/ncdc/metadata/stations-fixed-width.txt'
  USING com.hadoopbook.pig.CutLoadFunc('1-6,8-12,14-42')
  AS (usaf:chararray, wban:chararray, name:chararray);
  
trimmed_stations = FOREACH stations GENERATE usaf, wban,
  com.hadoopbook.pig.Trim(name);    

records = LOAD 'input/ncdc/all/191*'
  USING com.hadoopbook.pig.CutLoadFunc('5-10,11-15,88-92,93-93')
  AS (usaf:chararray, wban:chararray, temperature:int, quality:int);
  
filtered_records = FILTER records BY temperature != 9999 AND isGood(quality);
grouped_records = GROUP filtered_records BY (usaf, wban) PARALLEL 30;
max_temp = FOREACH grouped_records GENERATE FLATTEN(group),
  MAX(filtered_records.temperature);
max_temp_named = JOIN max_temp BY (usaf, wban), trimmed_stations BY (usaf, wban)
  PARALLEL 30;
max_temp_result = FOREACH max_temp_named GENERATE $0, $1, $5, $2;

STORE max_temp_result INTO 'max_temp_by_station';

:H�XVH�WKH�FXW�8')�ZH�GHYHORSHG�HDUOLHU�WR�ORDG�RQH�UHODWLRQ�KROGLQJ�WKH�VWDWLRQ�,'V
�86$)�DQG�:%$1�LGHQWLILHUV��DQG�QDPHV��DQG�RQH�UHODWLRQ�KROGLQJ�DOO�WKH�ZHDWKHU
UHFRUGV��NH\HG�E\�VWDWLRQ�,'��:H�JURXS�WKH�ILOWHUHG�ZHDWKHU�UHFRUGV�E\�VWDWLRQ�,'�DQG
DJJUHJDWH�E\�PD[LPXP�WHPSHUDWXUH�EHIRUH�MRLQLQJ�ZLWK�WKH�VWDWLRQV��)LQDOO\��ZH�SURMHFW
RXW�WKH�ILHOGV�ZH�ZDQW�LQ�WKH�ILQDO�UHVXOW��86$)��:%$1��VWDWLRQ�QDPH��DQG�PD[LPXP
WHPSHUDWXUH�

+HUH�DUH�D�IHZ�UHVXOWV�IRU�WKH�����V�

228020        99999        SORTAVALA      322
029110        99999        VAASA AIRPORT  300
040650        99999        GRIMSEY        378

7KLV�TXHU\�FRXOG�EH�PDGH�PRUH�HIILFLHQW�E\�XVLQJ�D�IUDJPHQW�UHSOLFDWH�MRLQ��DV�WKH�VWDWLRQ
PHWDGDWD�LV�VPDOO�

CROSS
3LJ�/DWLQ�LQFOXGHV�WKH�FURVV�SURGXFW�RSHUDWRU��DOVR�NQRZQ�DV�WKH�FDUWHVLDQ�SURGXFW��
ZKLFK�MRLQV�HYHU\�WXSOH�LQ�D�UHODWLRQ�ZLWK�HYHU\�WXSOH�LQ�D�VHFRQG�UHODWLRQ��DQG�ZLWK
HYHU\�WXSOH�LQ�IXUWKHU�UHODWLRQV�LI�VXSSOLHG���7KH�VL]H�RI�WKH�RXWSXW�LV�WKH�SURGXFW�RI�WKH
VL]H�RI�WKH�LQSXWV��SRWHQWLDOO\�PDNLQJ�WKH�RXWSXW�YHU\�ODUJH�

grunt> I = CROSS A, B;
grunt> DUMP I;
(2,Tie,Joe,2)
(2,Tie,Hank,4)
(2,Tie,Ali,0)
(2,Tie,Eve,3)
(2,Tie,Hank,2)
(4,Coat,Joe,2)
(4,Coat,Hank,4)
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(4,Coat,Ali,0)
(4,Coat,Eve,3)
(4,Coat,Hank,2)
(3,Hat,Joe,2)
(3,Hat,Hank,4)
(3,Hat,Ali,0)
(3,Hat,Eve,3)
(3,Hat,Hank,2)
(1,Scarf,Joe,2)
(1,Scarf,Hank,4)
(1,Scarf,Ali,0)
(1,Scarf,Eve,3)
(1,Scarf,Hank,2)

:KHQ�GHDOLQJ�ZLWK� ODUJH�GDWDVHWV��\RX�VKRXOG�WU\�WR�DYRLG�RSHUDWLRQV�WKDW�JHQHUDWH
LQWHUPHGLDWH�UHSUHVHQWDWLRQV�WKDW�DUH�TXDGUDWLF��RU�ZRUVH��LQ�VL]H��&RPSXWLQJ�WKH�FURVV�
SURGXFW�RI�WKH�ZKROH�LQSXW�GDWDVHW�LV�UDUHO\�QHHGHG��LI�HYHU�

)RU�H[DPSOH��DW�ILUVW�EOXVK�RQH�PLJKW�H[SHFW�WKDW�FDOFXODWLQJ�SDLUZLVH�GRFXPHQW�VLPL�
ODULW\�LQ�D�FRUSXV�RI�GRFXPHQWV�ZRXOG�UHTXLUH�HYHU\�GRFXPHQW�SDLU�WR�EH�JHQHUDWHG
EHIRUH�FDOFXODWLQJ�WKHLU�VLPLODULW\��+RZHYHU�� LI�RQH�VWDUWV�ZLWK�WKH� LQVLJKW�WKDW�PRVW
GRFXPHQW�SDLUV�KDYH�D�VLPLODULW\�VFRUH�RI�]HUR��WKDW�LV��WKH\�DUH�XQUHODWHG���WKHQ�ZH�FDQ
ILQG�D�ZD\�WR�D�EHWWHU�DOJRULWKP�

,Q�WKLV�FDVH��WKH�NH\�LGHD�LV�WR�IRFXV�RQ�WKH�HQWLWLHV�WKDW�ZH�DUH�XVLQJ�WR�FDOFXODWH�VLPLODULW\
�WHUPV�LQ�D�GRFXPHQW�� IRU�H[DPSOH��DQG�PDNH�WKHP�WKH�FHQWHU�RI�WKH�DOJRULWKP��,Q
SUDFWLFH��ZH�DOVR�UHPRYH�WHUPV�WKDW�GRQ¦W�KHOS�GLVFULPLQDWH�EHWZHHQ�GRFXPHQWV��VWRS�
ZRUGV���DQG�WKLV�UHGXFHV�WKH�SUREOHP�VSDFH�VWLOO�IXUWKHU��8VLQJ�WKLV�WHFKQLTXH�WR�DQDO\]H
D� VHW� RI� URXJKO\�RQH�PLOOLRQ� ������GRFXPHQWV� JHQHUDWHV� LQ� WKH�RUGHU� RI� RQH�ELOOLRQ
������ LQWHUPHGLDWH�SDLUV��� UDWKHU� WKDQ� WKH�RQH� WULOOLRQ� �������SURGXFHG�E\� WKH�QDLYH
DSSURDFK��JHQHUDWLQJ�WKH�FURVV�SURGXFW�RI�WKH�LQSXW��RU�WKH�DSSURDFK�ZLWK�QR�VWRSZRUG
UHPRYDO�

GROUP
$OWKRXJK�&2*5283�JURXSV�WKH�GDWD�LQ�WZR�RU�PRUH�UHODWLRQV��WKH�*5283�VWDWHPHQW
JURXSV�WKH�GDWD�LQ�D�VLQJOH�UHODWLRQ��*5283�VXSSRUWV�JURXSLQJ�E\�PRUH�WKDQ�HTXDOLW\
RI�NH\V��\RX�FDQ�XVH�DQ�H[SUHVVLRQ�RU�XVHU�GHILQHG�IXQFWLRQ�DV�WKH�JURXS�NH\��)RU�H[�
DPSOH��FRQVLGHU�WKH�IROORZLQJ�UHODWLRQ�$�

grunt> DUMP A;
(Joe,cherry)
(Ali,apple)
(Joe,banana)
(Eve,apple)

/HW¦V�JURXS�E\�WKH�QXPEHU�RI�FKDUDFWHUV�LQ�WKH�VHFRQG�ILHOG�

�� (OVD\HG��/LQ��DQG�2DUG��������£3DLUZLVH�'RFXPHQW�6LPLODULW\�LQ�/DUJH�&ROOHFWLRQV�ZLWK�0DS5HGXFH�¤
3URFHHGLQJV� RI� WKH� ��WK�$QQXDO�0HHWLQJ� RI� WKH�$VVRFLDWLRQ� RI�&RPSXWDWLRQDO� /LQJXLVWLFV� �$&/� ������
��������
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grunt> B = GROUP A BY SIZE($1);
grunt> DUMP B;
(5,{(Ali,apple),(Eve,apple)})
(6,{(Joe,cherry),(Joe,banana)})

*5283�FUHDWHV�D�UHODWLRQ�ZKRVH�ILUVW�ILHOG�LV�WKH�JURXSLQJ�ILHOG��ZKLFK�LV�JLYHQ�WKH�DOLDV
group��7KH�VHFRQG�ILHOG�LV�D�EDJ�FRQWDLQLQJ�WKH�JURXSHG�ILHOGV�ZLWK�WKH�VDPH�VFKHPD�DV
WKH�RULJLQDO�UHODWLRQ��LQ�WKLV�FDVH��$��

7KHUH�DUH�DOVR�WZR�VSHFLDO�JURXSLQJ�RSHUDWLRQV��$//�DQG�$1<��$//�JURXSV�DOO� WKH
WXSOHV�LQ�D�UHODWLRQ�LQ�D�VLQJOH�JURXS��DV�LI�WKH�*5283�IXQFWLRQ�ZHUH�D�FRQVWDQW�

grunt> C = GROUP A ALL;
grunt> DUMP C;
(all,{(Joe,cherry),(Ali,apple),(Joe,banana),(Eve,apple)})

1RWH�WKDW�WKHUH�LV�QR�%<�LQ�WKLV�IRUP�RI�WKH�*5283�VWDWHPHQW��7KH�$//�JURXSLQJ�LV
FRPPRQO\�XVHG�WR�FRXQW�WKH�QXPEHU�RI�WXSOHV�LQ�D�UHODWLRQ��DV�VKRZQ�LQ�£9DOLGDWLRQ
DQG�QXOOV¤�RQ�SDJH�����

7KH�$1<�NH\ZRUG�LV�XVHG�WR�JURXS�WKH�WXSOHV�LQ�D�UHODWLRQ�UDQGRPO\��ZKLFK�FDQ�EH
XVHIXO�IRU�VDPSOLQJ�

Sorting Data
5HODWLRQV�DUH�XQRUGHUHG�LQ�3LJ��&RQVLGHU�D�UHODWLRQ�$�

grunt> DUMP A;
(2,3)
(1,2)
(2,4)

7KHUH�LV�QR�JXDUDQWHH�ZKLFK�RUGHU�WKH�URZV�ZLOO�EH�SURFHVVHG�LQ��,Q�SDUWLFXODU��ZKHQ
UHWULHYLQJ�WKH�FRQWHQWV�RI�$�XVLQJ�'803�RU�6725(��WKH�URZV�PD\�EH�ZULWWHQ�LQ�DQ\
RUGHU��,I�\RX�ZDQW�WR�LPSRVH�DQ�RUGHU�RQ�WKH�RXWSXW��\RX�FDQ�XVH�WKH�25'(5�RSHUDWRU
WR�VRUW�D�UHODWLRQ�E\�RQH�RU�PRUH�ILHOGV��7KH�GHIDXOW�VRUW�RUGHU�FRPSDUHV�ILHOGV�RI�WKH
VDPH�W\SH�XVLQJ�WKH�QDWXUDO�RUGHULQJ��DQG�GLIIHUHQW�W\SHV�DUH�JLYHQ�DQ�DUELWUDU\��EXW
GHWHUPLQLVWLF��RUGHULQJ��D�WXSOH�LV�DOZD\V�£OHVV�WKDQ¤�D�EDJ��IRU�H[DPSOH��

7KH�IROORZLQJ�H[DPSOH�VRUWV�$�E\�WKH�ILUVW�ILHOG�LQ�DVFHQGLQJ�RUGHU�DQG�E\�WKH�VHFRQG
ILHOG�LQ�GHVFHQGLQJ�RUGHU�

grunt> B = ORDER A BY $0, $1 DESC;
grunt> DUMP B;
(1,2)
(2,4)
(2,3)

$Q\�IXUWKHU�SURFHVVLQJ�RQ�D�VRUWHG�UHODWLRQ�LV�QRW�JXDUDQWHHG�WR�UHWDLQ�LWV�RUGHU��)RU
H[DPSOH�

        grunt> C = FOREACH B GENERATE *;
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(YHQ�WKRXJK�UHODWLRQ�&�KDV�WKH�VDPH�FRQWHQWV�DV�UHODWLRQ�%��LWV�WXSOHV�PD\�EH�HPLWWHG
LQ�DQ\�RUGHU�E\�D�'803�RU�D�6725(��,W�LV�IRU�WKLV�UHDVRQ�WKDW�LW�LV�XVXDO�WR�SHUIRUP�WKH
25'(5�RSHUDWLRQ�MXVW�EHIRUH�UHWULHYLQJ�WKH�RXWSXW�

7KH�/,0,7�VWDWHPHQW�LV�XVHIXO�IRU�OLPLWLQJ�WKH�QXPEHU�RI�UHVXOWV�DV�D�TXLFN�DQG�GLUW\
ZD\�WR�JHW�D�VDPSOH�RI�D�UHODWLRQ��SURWRW\SLQJ��WKH�,//8675$7(�FRPPDQG��VKRXOG�EH
SUHIHUUHG�IRU�JHQHUDWLQJ�PRUH�UHSUHVHQWDWLYH�VDPSOHV�RI�WKH�GDWD��,W�FDQ�EH�XVHG�LPPH�
GLDWHO\�DIWHU�WKH�25'(5�VWDWHPHQW�WR�UHWULHYH�WKH�ILUVW�Q�WXSOHV��8VXDOO\��/,0,7�ZLOO
VHOHFW�DQ\�Q�WXSOHV�IURP�D�UHODWLRQ��EXW�ZKHQ�XVHG�LPPHGLDWHO\�DIWHU�DQ�25'(5�VWDWH�
PHQW��WKH�RUGHU�LV�UHWDLQHG��LQ�DQ�H[FHSWLRQ�WR�WKH�UXOH�WKDW�SURFHVVLQJ�D�UHODWLRQ�GRHV
QRW�UHWDLQ�LWV�RUGHU��

grunt> D = LIMIT B 2;
grunt> DUMP D;
(1,2)
(2,4)

,I�WKH�OLPLW�LV�JUHDWHU�WKDQ�WKH�QXPEHU�RI�WXSOHV�LQ�WKH�UHODWLRQ��DOO�WXSOHV�DUH�UHWXUQHG
�VR�/,0,7�KDV�QR�HIIHFW��

8VLQJ�/,0,7�FDQ�LPSURYH�WKH�SHUIRUPDQFH�RI�D�TXHU\�EHFDXVH�3LJ�WULHV�WR�DSSO\�WKH
OLPLW�DV�HDUO\�DV�SRVVLEOH�LQ�WKH�SURFHVVLQJ�SLSHOLQH��WR�PLQLPL]H�WKH�DPRXQW�RI�GDWD
WKDW�QHHGV�WR�EH�SURFHVVHG��)RU�WKLV�UHDVRQ��\RX�VKRXOG�DOZD\V�XVH�/,0,7�LI�\RX�DUH
QRW�LQWHUHVWHG�LQ�WKH�HQWLUH�RXWSXW�

Combining and Splitting Data
6RPHWLPHV�\RX�KDYH�VHYHUDO�UHODWLRQV�WKDW�\RX�ZRXOG�OLNH�WR�FRPELQH�LQWR�RQH��)RU�WKLV�
WKH�81,21�VWDWHPHQW�LV�XVHG��)RU�H[DPSOH�

grunt> DUMP A;
(2,3)
(1,2)
(2,4)
grunt> DUMP B;
(z,x,8)
(w,y,1)
grunt> C = UNION A, B;
grunt> DUMP C;
(2,3)
(1,2)
(2,4)
(z,x,8)
(w,y,1)

&�LV�WKH�XQLRQ�RI�UHODWLRQV�$�DQG�%��DQG�EHFDXVH�UHODWLRQV�DUH�XQRUGHUHG��WKH�RUGHU�RI
WKH�WXSOHV�LQ�&�LV�XQGHILQHG��$OVR��LW¦V�SRVVLEOH�WR�IRUP�WKH�XQLRQ�RI�WZR�UHODWLRQV�ZLWK
GLIIHUHQW�VFKHPDV�RU�ZLWK�GLIIHUHQW�QXPEHUV�RI�ILHOGV��DV�ZH�KDYH�GRQH�KHUH��3LJ�DWWHPSWV
WR�PHUJH�WKH�VFKHPDV�IURP�WKH�UHODWLRQV�WKDW�81,21�LV�RSHUDWLQJ�RQ��,Q�WKLV�FDVH��WKH\
DUH�LQFRPSDWLEOH��VR�&�KDV�QR�VFKHPD�
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grunt> DESCRIBE A;
A: {f0: int,f1: int}
grunt> DESCRIBE B;
B: {f0: chararray,f1: chararray,f2: int}
grunt> DESCRIBE C;
Schema for C unknown.

,I�WKH�RXWSXW�UHODWLRQ�KDV�QR�VFKHPD��\RXU�VFULSW�QHHGV�WR�EH�DEOH�WR�KDQGOH�WXSOHV�WKDW
YDU\�LQ�WKH�QXPEHU�RI�ILHOGV�DQG�RU�W\SHV�

7KH�63/,7�RSHUDWRU�LV�WKH�RSSRVLWH�RI�81,21��LW�SDUWLWLRQV�D�UHODWLRQ�LQWR�WZR�RU�PRUH
UHODWLRQV��6HH�£9DOLGDWLRQ�DQG�QXOOV¤�RQ�SDJH�����IRU�DQ�H[DPSOH�RI�KRZ�WR�XVH�LW�

Pig in Practice
7KHUH� DUH� VRPH� SUDFWLFDO� WHFKQLTXHV� WKDW� DUH� ZRUWK� NQRZLQJ� DERXW�ZKHQ� \RX� DUH
GHYHORSLQJ�DQG�UXQQLQJ�3LJ�SURJUDPV��7KLV�VHFWLRQ�FRYHUV�VRPH�RI�WKHP�

Parallelism
:KHQ� UXQQLQJ� LQ�0DS5HGXFH�PRGH�� LW¦V� LPSRUWDQW� WKDW� WKH� GHJUHH� RI� SDUDOOHOLVP
PDWFKHV� WKH�VL]H�RI� WKH�GDWDVHW��%\�GHIDXOW��3LJ�ZLOO� VHWV� WKH�QXPEHU�RI� UHGXFHUV�E\
ORRNLQJ�DW�WKH�VL]H�RI�WKH�LQSXW�DQG�XVLQJ�RQH�UHGXFHU�SHU���*%�RI�LQSXW��XS�WR�D�PD[�
LPXP�RI�����UHGXFHUV��<RX�FDQ�RYHUULGH�WKHVH�SDUDPHWHUV�E\�VHWWLQJ�pig.exec.reduc
ers.bytes.per.reducer� �WKH� GHIDXOW� LV� �������������� E\WHV�� DQG� pig.exec.reduc
ers.max��WKH�GHIDXOW�LV������

7R�H[SOLFLWO\�VHW�WKH�QXPEHU�RI�UHGXFHUV�\RX�ZDQW�IRU�HDFK�MRE��\RX�FDQ�XVH�D�3$5$/�
/(/�FODXVH�IRU�RSHUDWRUV�WKDW�UXQ�LQ�WKH�UHGXFH�SKDVH��7KHVH�LQFOXGH�DOO�WKH�JURXSLQJ
DQG�MRLQLQJ�RSHUDWRUV��*5283��&2*5283��-2,1��&5266���DV�ZHOO�DV�',67,1&7
DQG�25'(5��7KH�IROORZLQJ�OLQH�VHWV�WKH�QXPEHU�RI�UHGXFHUV�WR����IRU�WKH�*5283�

grouped_records = GROUP records BY year PARALLEL 30;

$OWHUQDWLYHO\��\RX�FDQ�VHW�WKH�default_parallel�RSWLRQ��DQG�LW�ZLOO�WDNH�HIIHFW�IRU�DOO
VXEVHTXHQW�MREV�

        grunt> 
        set default_parallel 30

$�JRRG�VHWWLQJ�IRU� WKH�QXPEHU�RI�UHGXFH�WDVNV� LV�VOLJKWO\� IHZHU�WKDQ�WKH�QXPEHU�RI
UHGXFH�VORWV�LQ�WKH�FOXVWHU��6HH�£&KRRVLQJ�WKH�1XPEHU�RI�5HGXFHUV¤�RQ�SDJH�����IRU
IXUWKHU�GLVFXVVLRQ�

7KH�QXPEHU�RI�PDS�WDVNV�LV�VHW�E\�WKH�VL]H�RI�WKH�LQSXW��ZLWK�RQH�PDS�SHU�+')6�EORFN�
DQG�LV�QRW�DIIHFWHG�E\�WKH�3$5$//(/�FODXVH�
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Parameter Substitution
,I�\RX�KDYH�D�3LJ�VFULSW�WKDW�\RX�UXQ�RQ�D�UHJXODU�EDVLV��LW¦V�TXLWH�FRPPRQ�WR�ZDQW�WR
EH�DEOH�WR�UXQ�WKH�VDPH�VFULSW�ZLWK�GLIIHUHQW�SDUDPHWHUV��)RU�H[DPSOH��D�VFULSW�WKDW�UXQV
GDLO\�PD\�XVH�WKH�GDWH�WR�GHWHUPLQH�ZKLFK�LQSXW�ILOHV�LW�UXQV�RYHU��3LJ�VXSSRUWV�SDUDP�
HWHU�VXEVWLWXWLRQ��ZKHUH�SDUDPHWHUV�LQ�WKH�VFULSW�DUH�VXEVWLWXWHG�ZLWK�YDOXHV�VXSSOLHG�DW
UXQWLPH��3DUDPHWHUV�DUH�GHQRWHG�E\�LGHQWLILHUV�SUHIL[HG�ZLWK�D�$�FKDUDFWHU��IRU�H[DPSOH�
$input�DQG�$output�DUH�XVHG�LQ�WKH�IROORZLQJ�VFULSW�WR�VSHFLI\�WKH�LQSXW�DQG�RXWSXW�SDWKV�

-- max_temp_param.pig
records = LOAD '$input' AS (year:chararray, temperature:int, quality:int);
filtered_records = FILTER records BY temperature != 9999 AND
  (quality == 0 OR quality == 1 OR quality == 4 OR quality == 5 OR quality == 9);
grouped_records = GROUP filtered_records BY year;
max_temp = FOREACH grouped_records GENERATE group,
  MAX(filtered_records.temperature);
STORE max_temp into '$output';

3DUDPHWHUV�FDQ�EH�VSHFLILHG�ZKHQ�ODXQFKLQJ�3LJ��XVLQJ�WKH�-param�RSWLRQ��RQH�IRU�HDFK
SDUDPHWHU�

% pig -param input=/user/tom/input/ncdc/micro-tab/sample.txt \
>     -param output=/tmp/out \
>     ch11/src/main/pig/max_temp_param.pig

<RX�FDQ�DOVR�SXW�SDUDPHWHUV�LQ�D�ILOH�DQG�SDVV�WKHP�WR�3LJ�XVLQJ�WKH�-param_file�RSWLRQ�
)RU�H[DPSOH��ZH�FDQ�DFKLHYH�WKH�VDPH�UHVXOW�DV�WKH�SUHYLRXV�FRPPDQG�E\�SODFLQJ�WKH
SDUDPHWHU�GHILQLWLRQV�LQ�D�ILOH�

# Input file
input=/user/tom/input/ncdc/micro-tab/sample.txt
# Output file
output=/tmp/out

7KH�SLJ�LQYRFDWLRQ�WKHQ�EHFRPHV�

% pig -param_file ch11/src/main/pig/max_temp_param.param \
>     ch11/src/main/pig/max_temp_param.pig

<RX�FDQ�VSHFLI\�PXOWLSOH�SDUDPHWHU�ILOHV�XVLQJ�-param_file�UHSHDWHGO\��<RX�FDQ�DOVR
XVH�D�FRPELQDWLRQ�RI�-param�DQG�-param_file�RSWLRQV��DQG�LI�DQ\�SDUDPHWHU�LV�GHILQHG
LQ�ERWK�D�SDUDPHWHU�ILOH�DQG�RQ�WKH�FRPPDQG�OLQH��WKH�ODVW�YDOXH�RQ�WKH�FRPPDQG�OLQH
WDNHV�SUHFHGHQFH�

Dynamic parameters
)RU�SDUDPHWHUV�WKDW�DUH�VXSSOLHG�XVLQJ�WKH�-param�RSWLRQ��LW�LV�HDV\�WR�PDNH�WKH�YDOXH
G\QDPLF�E\�UXQQLQJ�D�FRPPDQG�RU�VFULSW��0DQ\�8QL[�VKHOOV�VXSSRUW�FRPPDQG�VXE�
VWLWXWLRQ�IRU�D�FRPPDQG�HQFORVHG�LQ�EDFNWLFNV��DQG�ZH�FDQ�XVH�WKLV�WR�PDNH�WKH�RXWSXW
GLUHFWRU\�GDWH�EDVHG�
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% pig -param input=/user/tom/input/ncdc/micro-tab/sample.txt \
>     -param output=/tmp/`date "+%Y-%m-%d"`/out \
>     ch11/src/main/pig/max_temp_param.pig

3LJ�DOVR�VXSSRUWV�EDFNWLFNV�LQ�SDUDPHWHU�ILOHV�E\�H[HFXWLQJ�WKH�HQFORVHG�FRPPDQG�LQ
D�VKHOO�DQG�XVLQJ�WKH�VKHOO�RXWSXW�DV�WKH�VXEVWLWXWHG�YDOXH��,I�WKH�FRPPDQG�RU�VFULSWV
H[LW�ZLWK�D�QRQ]HUR�H[LW�VWDWXV��WKHQ�WKH�HUURU�PHVVDJH�LV�UHSRUWHG�DQG�H[HFXWLRQ�KDOWV�
%DFNWLFN�VXSSRUW�LQ�SDUDPHWHU�ILOHV�LV�D�XVHIXO�IHDWXUH��LW�PHDQV�WKDW�SDUDPHWHUV�FDQ�EH
GHILQHG�LQ�WKH�VDPH�ZD\�LQ�D�ILOH�RU�RQ�WKH�FRPPDQG�OLQH�

Parameter substitution processing
3DUDPHWHU�VXEVWLWXWLRQ�RFFXUV�DV�D�SUHSURFHVVLQJ�VWHS�EHIRUH�WKH�VFULSW�LV�UXQ��<RX�FDQ
VHH� WKH�VXEVWLWXWLRQV� WKDW� WKH�SUHSURFHVVRU�PDGH�E\�H[HFXWLQJ�3LJ�ZLWK� WKH�-dryrun
RSWLRQ��,Q�GU\�UXQ�PRGH��3LJ�SHUIRUPV�SDUDPHWHU�VXEVWLWXWLRQ��DQG�PDFUR�H[SDQVLRQ�
DQG�JHQHUDWHV�D�FRS\�RI�WKH�RULJLQDO�VFULSW�ZLWK�VXEVWLWXWHG�YDOXHV��EXW�GRHV�QRW�H[HFXWH
WKH�VFULSW��<RX�FDQ�LQVSHFW�WKH�JHQHUDWHG�VFULSW�DQG�FKHFN�WKDW�WKH�VXEVWLWXWLRQV�ORRN
VDQH��EHFDXVH�WKH\�DUH�G\QDPLFDOO\�JHQHUDWHG��IRU�H[DPSOH��EHIRUH�UXQQLQJ�LW�LQ�QRUPDO
PRGH�

$W�WKH�WLPH�RI�WKLV�ZULWLQJ��*UXQW�GRHV�QRW�VXSSRUW�SDUDPHWHU�VXEVWLWXWLRQ�
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CHAPTER 12

Hive

,Q�£,QIRUPDWLRQ�3ODWIRUPV�DQG�WKH�5LVH�RI� WKH�'DWD�6FLHQWLVW�¤��-HII�+DPPHUEDFKHU
GHVFULEHV�,QIRUPDWLRQ�3ODWIRUPV�DV�£WKH�ORFXV�RI�WKHLU�RUJDQL]DWLRQ¦V�HIIRUWV�WR�LQJHVW�
SURFHVV��DQG�JHQHUDWH�LQIRUPDWLRQ�¤�DQG�KRZ�WKH\�£VHUYH�WR�DFFHOHUDWH�WKH�SURFHVV�RI
OHDUQLQJ�IURP�HPSLULFDO�GDWD�¤

2QH�RI�WKH�ELJJHVW�LQJUHGLHQWV�LQ�WKH�,QIRUPDWLRQ�3ODWIRUP�EXLOW�E\�-HII¦V�WHDP�DW�)DFH�
ERRN�ZDV�+LYH��D�IUDPHZRUN�IRU�GDWD�ZDUHKRXVLQJ�RQ�WRS�RI�+DGRRS��+LYH�JUHZ�IURP
D�QHHG�WR�PDQDJH�DQG�OHDUQ�IURP�WKH�KXJH�YROXPHV�RI�GDWD�WKDW�)DFHERRN�ZDV�SURGXFLQJ
HYHU\�GD\�IURP�LWV�EXUJHRQLQJ�VRFLDO�QHWZRUN��$IWHU�WU\LQJ�D�IHZ�GLIIHUHQW�V\VWHPV��WKH
WHDP�FKRVH�+DGRRS�IRU�VWRUDJH�DQG�SURFHVVLQJ��VLQFH�LW�ZDV�FRVW�HIIHFWLYH�DQG�PHW�WKHLU
VFDODELOLW\�QHHGV��

+LYH�ZDV�FUHDWHG�WR�PDNH�LW�SRVVLEOH�IRU�DQDO\VWV�ZLWK�VWURQJ�64/�VNLOOV��EXW�PHDJHU
-DYD�SURJUDPPLQJ�VNLOOV��WR�UXQ�TXHULHV�RQ�WKH�KXJH�YROXPHV�RI�GDWD�WKDW�)DFHERRN
VWRUHG�LQ�+')6��7RGD\��+LYH�LV�D�VXFFHVVIXO�$SDFKH�SURMHFW�XVHG�E\�PDQ\�RUJDQL]DWLRQV
DV�D�JHQHUDO�SXUSRVH��VFDODEOH�GDWD�SURFHVVLQJ�SODWIRUP�

2I�FRXUVH��64/�LVQ¦W�LGHDO�IRU�HYHU\�ELJ�GDWD�SUREOHP¢LW¦V�QRW�D�JRRG�ILW�IRU�EXLOGLQJ
FRPSOH[�PDFKLQH�OHDUQLQJ�DOJRULWKPV��IRU�H[DPSOH¢EXW�LW¦V�JUHDW�IRU�PDQ\�DQDO\VHV�
DQG�LW�KDV�WKH�KXJH�DGYDQWDJH�RI�EHLQJ�YHU\�ZHOO�NQRZQ�LQ�WKH�LQGXVWU\��:KDW¦V�PRUH�
64/�LV�WKH�OLQJXD�IUDQFD�LQ�EXVLQHVV�LQWHOOLJHQFH�WRROV��2'%&�LV�D�FRPPRQ�EULGJH��IRU
H[DPSOH���VR�+LYH�LV�ZHOO�SODFHG�WR�LQWHJUDWH�ZLWK�WKHVH�SURGXFWV�

7KLV�FKDSWHU�LV�DQ�LQWURGXFWLRQ�WR�XVLQJ�+LYH��,W�DVVXPHV�WKDW�\RX�KDYH�ZRUNLQJ�NQRZO�
HGJH�RI�64/�DQG�JHQHUDO�GDWDEDVH�DUFKLWHFWXUH��DV�ZH�JR�WKURXJK�+LYH¦V�IHDWXUHV��ZH¦OO
RIWHQ�FRPSDUH�WKHP�WR�WKH�HTXLYDOHQW�LQ�D�WUDGLWLRQDO�5'%06�

�� %HDXWLIXO�'DWD��7KH�6WRULHV�%HKLQG�(OHJDQW�'DWD�6ROXWLRQV��E\�7RE\�6HJDUDQ�DQG� -HII�+DPPHUEDFKHU
�2¦5HLOO\�������

�� <RX� FDQ� UHDG� PRUH� DERXW� WKH� KLVWRU\� RI� +DGRRS� DW� )DFHERRN� LQ� £+DGRRS� DQG� +LYH� DW
)DFHERRN¤�RQ�SDJH�����
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Installing Hive
,Q�QRUPDO�XVH��+LYH�UXQV�RQ�\RXU�ZRUNVWDWLRQ�DQG�FRQYHUWV�\RXU�64/�TXHU\�LQWR�D�VHULHV
RI�0DS5HGXFH�MREV�IRU�H[HFXWLRQ�RQ�D�+DGRRS�FOXVWHU��+LYH�RUJDQL]HV�GDWD�LQWR�WDEOHV�
ZKLFK�SURYLGH�D�PHDQV�IRU�DWWDFKLQJ�VWUXFWXUH�WR�GDWD�VWRUHG�LQ�+')6��0HWDGDWD¢
VXFK�DV�WDEOH�VFKHPDV¢LV�VWRUHG�LQ�D�GDWDEDVH�FDOOHG�WKH�PHWDVWRUH�

:KHQ�VWDUWLQJ�RXW�ZLWK�+LYH��LW�LV�FRQYHQLHQW�WR�UXQ�WKH�PHWDVWRUH�RQ�\RXU�ORFDO�PD�
FKLQH��,Q�WKLV�FRQILJXUDWLRQ��ZKLFK�LV�WKH�GHIDXOW��WKH�+LYH�WDEOH�GHILQLWLRQV�WKDW�\RX
FUHDWH�ZLOO�EH�ORFDO�WR�\RXU�PDFKLQH��VR�\RX�FDQ¦W�VKDUH�WKHP�ZLWK�RWKHU�XVHUV��:H¦OO
VHH�KRZ� WR� FRQILJXUH� D� VKDUHG� UHPRWH�PHWDVWRUH��ZKLFK� LV� WKH�QRUP� LQ�SURGXFWLRQ
HQYLURQPHQWV��LQ�£7KH�0HWDVWRUH¤�RQ�SDJH�����

,QVWDOODWLRQ�RI�+LYH�LV�VWUDLJKWIRUZDUG��-DYD���LV�D�SUHUHTXLVLWH��DQG�RQ�:LQGRZV��\RX
ZLOO�QHHG�&\JZLQ��WRR��<RX�DOVR�QHHG�WR�KDYH�WKH�VDPH�YHUVLRQ�RI�+DGRRS�LQVWDOOHG
ORFDOO\�WKDW�\RXU�FOXVWHU�LV�UXQQLQJ���2I�FRXUVH��\RX�PD\�FKRRVH�WR�UXQ�+DGRRS�ORFDOO\�
HLWKHU�LQ�VWDQGDORQH�RU�SVHXGRGLVWULEXWHG�PRGH��ZKLOH�JHWWLQJ�VWDUWHG�ZLWK�+LYH��7KHVH
RSWLRQV�DUH�DOO�FRYHUHG�LQ�$SSHQGL[�$�

Which Versions of Hadoop Does Hive Work With?
$Q\�JLYHQ�UHOHDVH�RI�+LYH�LV�GHVLJQHG�WR�ZRUN�ZLWK�PXOWLSOH�YHUVLRQV�RI�+DGRRS��*HQ�
HUDOO\��+LYH�ZRUNV�ZLWK�WKH� ODWHVW�VWDEOH�UHOHDVH�RI�+DGRRS��DV�ZHOO�DV�VXSSRUWLQJ�D
QXPEHU�RI�ROGHU�YHUVLRQV��OLVWHG�LQ�WKH�UHOHDVH�QRWHV��<RX�GRQ¦W�QHHG�WR�GR�DQ\WKLQJ
VSHFLDO�WR�WHOO�+LYH�ZKLFK�YHUVLRQ�RI�+DGRRS�\RX�DUH�XVLQJ��EH\RQG�PDNLQJ�VXUH�WKDW
WKH�KDGRRS�H[HFXWDEOH�LV�RQ�WKH�SDWK�RU�VHWWLQJ�WKH�HADOOP_HOME�HQYLURQPHQW�YDULDEOH�

'RZQORDG�D�UHOHDVH�DW�KWWS���KLYH�DSDFKH�RUJ�UHOHDVHV�KWPO��DQG�XQSDFN�WKH�WDUEDOO�LQ�D
VXLWDEOH�SODFH�RQ�\RXU�ZRUNVWDWLRQ�

% tar xzf hive-x.y.z.tar.gz

,W¦V�KDQG\�WR�SXW�+LYH�RQ�\RXU�SDWK�WR�PDNH�LW�HDV\�WR�ODXQFK�

% export HIVE_INSTALL=/home/tom/hive-x.y.z-dev
% export PATH=$PATH:$HIVE_INSTALL/bin

1RZ�W\SH�hive�WR�ODXQFK�WKH�+LYH�VKHOO�

% hive
hive> 

�� ,W�LV�DVVXPHG�WKDW�\RX�KDYH�QHWZRUN�FRQQHFWLYLW\�IURP�\RXU�ZRUNVWDWLRQ�WR�WKH�+DGRRS�FOXVWHU��<RX�FDQ
WHVW�WKLV�EHIRUH�UXQQLQJ�+LYH�E\�LQVWDOOLQJ�+DGRRS�ORFDOO\�DQG�SHUIRUPLQJ�VRPH�+')6�RSHUDWLRQV�ZLWK
WKH�hadoop fs�FRPPDQG�
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The Hive Shell
7KH�VKHOO�LV�WKH�SULPDU\�ZD\�WKDW�ZH�ZLOO�LQWHUDFW�ZLWK�+LYH��E\�LVVXLQJ�FRPPDQGV�LQ�
+LYH4/��+LYH4/�LV�+LYH¦V�TXHU\�ODQJXDJH��D�GLDOHFW�RI�64/��,W�LV�KHDYLO\�LQIOXHQFHG�E\
0\64/��VR�LI�\RX�DUH�IDPLOLDU�ZLWK�0\64/��\RX�VKRXOG�IHHO�DW�KRPH�XVLQJ�+LYH�

:KHQ�VWDUWLQJ�+LYH�IRU�WKH�ILUVW�WLPH��ZH�FDQ�FKHFN�WKDW�LW�LV�ZRUNLQJ�E\�OLVWLQJ�LWV�WDEOHV
¢WKHUH�VKRXOG�EH�QRQH��7KH�FRPPDQG�PXVW�EH�WHUPLQDWHG�ZLWK�D�VHPLFRORQ�WR�WHOO
+LYH�WR�H[HFXWH�LW�

hive> SHOW TABLES;
OK
Time taken: 10.425 seconds

/LNH�64/��+LYH4/�LV�JHQHUDOO\�FDVH�LQVHQVLWLYH��H[FHSW�IRU�VWULQJ�FRPSDULVRQV���VR�show
tables;�ZRUNV�HTXDOO\�ZHOO�KHUH��7KH�7DE�NH\�ZLOO�DXWRFRPSOHWH�+LYH�NH\ZRUGV�DQG
IXQFWLRQV�

)RU�D� IUHVK� LQVWDOO�� WKH�FRPPDQG� WDNHV�D� IHZ�VHFRQGV� WR� UXQ�DV� LW� OD]LO\�FUHDWHV� WKH
PHWDVWRUH�GDWDEDVH�RQ�\RXU�PDFKLQH���7KH�GDWDEDVH�VWRUHV�LWV�ILOHV�LQ�D�GLUHFWRU\�FDOOHG
PHWDVWRUHBGE��ZKLFK�LV�UHODWLYH�WR�WKH�ORFDWLRQ�IURP�ZKLFK�\RX�UDQ�WKH�hive�FRPPDQG��

<RX�FDQ�DOVR�UXQ�WKH�+LYH�VKHOO�LQ�QRQLQWHUDFWLYH�PRGH��7KH�-f�RSWLRQ�UXQV�WKH�FRP�
PDQGV�LQ�WKH�VSHFLILHG�ILOH��ZKLFK�LV�VFULSW�T�LQ�WKLV�H[DPSOH�

% hive -f script.q

)RU�VKRUW�VFULSWV��\RX�FDQ�XVH�WKH�-e�RSWLRQ�WR�VSHFLI\�WKH�FRPPDQGV�LQOLQH��LQ�ZKLFK
FDVH�WKH�ILQDO�VHPLFRORQ�LV�QRW�UHTXLUHG�

% hive -e 'SELECT * FROM dummy'
Hive history file=/tmp/tom/hive_job_log_tom_201005042112_1906486281.txt
OK
X
Time taken: 4.734 seconds

,W¦V�XVHIXO�WR�KDYH�D�VPDOO�WDEOH�RI�GDWD�WR�WHVW�TXHULHV�DJDLQVW��VXFK�DV
WU\LQJ�RXW�IXQFWLRQV�LQ�SELECT�H[SUHVVLRQV�XVLQJ�OLWHUDO�GDWD��VHH�£2SHU�
DWRUV� DQG�)XQFWLRQV¤�RQ�SDJH�������+HUH¦V�RQH�ZD\�RI�SRSXODWLQJ� D
VLQJOH�URZ�WDEOH�

% echo 'X' > /tmp/dummy.txt
% hive -e "CREATE TABLE dummy (value STRING); \
LOAD DATA LOCAL INPATH '/tmp/dummy.txt' \
OVERWRITE INTO TABLE dummy"

,Q�ERWK�LQWHUDFWLYH�DQG�QRQLQWHUDFWLYH�PRGH��+LYH�ZLOO�SULQW�LQIRUPDWLRQ�WR�VWDQGDUG
HUURU¢VXFK�DV�WKH�WLPH�WDNHQ�WR�UXQ�D�TXHU\¢GXULQJ�WKH�FRXUVH�RI�RSHUDWLRQ��<RX�FDQ
VXSSUHVV�WKHVH�PHVVDJHV�XVLQJ�WKH�-S�RSWLRQ�DW�ODXQFK�WLPH��ZKLFK�KDV�WKH�HIIHFW�RI
VKRZLQJ�RQO\�WKH�RXWSXW�UHVXOW�IRU�TXHULHV�
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% hive -S -e 'SELECT * FROM dummy'
X

2WKHU�XVHIXO�+LYH�VKHOO�IHDWXUHV�LQFOXGH�WKH�DELOLW\�WR�UXQ�FRPPDQGV�RQ�WKH�KRVW�RS�
HUDWLQJ�V\VWHP�E\�XVLQJ�D�!�SUHIL[�WR�WKH�FRPPDQG�DQG�WKH�DELOLW\�WR�DFFHVV�+DGRRS
ILOHV\VWHPV�XVLQJ�WKH�dfs�FRPPDQG�

An Example
/HW¦V�VHH�KRZ�WR�XVH�+LYH�WR�UXQ�D�TXHU\�RQ�WKH�ZHDWKHU�GDWDVHW�ZH�H[SORUHG�LQ�HDUOLHU
FKDSWHUV��7KH�ILUVW�VWHS�LV�WR�ORDG�WKH�GDWD�LQWR�+LYH¦V�PDQDJHG�VWRUDJH��+HUH�ZH¦OO�KDYH
+LYH�XVH�WKH�ORFDO�ILOHV\VWHP�IRU�VWRUDJH��ODWHU�ZH¦OO�VHH�KRZ�WR�VWRUH�WDEOHV�LQ�+')6�

-XVW�OLNH�DQ�5'%06��+LYH�RUJDQL]HV�LWV�GDWD�LQWR�WDEOHV��:H�FUHDWH�D�WDEOH�WR�KROG�WKH
ZHDWKHU�GDWD�XVLQJ�WKH�CREATE TABLE�VWDWHPHQW�

CREATE TABLE records (year STRING, temperature INT, quality INT)
ROW FORMAT DELIMITED
  FIELDS TERMINATED BY '\t';

7KH� ILUVW� OLQH� GHFODUHV� D� records� WDEOH� ZLWK� WKUHH� FROXPQV�� year�� temperature�� DQG
quality��7KH�W\SH�RI�HDFK�FROXPQ�PXVW�EH�VSHFLILHG��WRR��+HUH�WKH�\HDU�LV�D�VWULQJ��ZKLOH
WKH�RWKHU�WZR�FROXPQV�DUH�LQWHJHUV�

6R�IDU��WKH�64/�LV�IDPLOLDU��7KH�ROW FORMAT�FODXVH��KRZHYHU��LV�SDUWLFXODU�WR�+LYH4/�
7KLV�GHFODUDWLRQ� LV� VD\LQJ� WKDW� HDFK� URZ� LQ� WKH�GDWD� ILOH� LV� WDE�GHOLPLWHG� WH[W��+LYH
H[SHFWV�WKHUH�WR�EH�WKUHH�ILHOGV�LQ�HDFK�URZ��FRUUHVSRQGLQJ�WR�WKH�WDEOH�FROXPQV��ZLWK
ILHOGV�VHSDUDWHG�E\�WDEV�DQG�URZV�E\�QHZOLQHV�

1H[W��ZH�FDQ�SRSXODWH�+LYH�ZLWK�WKH�GDWD��7KLV�LV�MXVW�D�VPDOO�VDPSOH��IRU�H[SORUDWRU\
SXUSRVHV�

LOAD DATA LOCAL INPATH 'input/ncdc/micro-tab/sample.txt'
OVERWRITE INTO TABLE records;

5XQQLQJ�WKLV�FRPPDQG�WHOOV�+LYH�WR�SXW�WKH�VSHFLILHG�ORFDO�ILOH�LQ�LWV�ZDUHKRXVH�GLUHF�
WRU\��7KLV�LV�D�VLPSOH�ILOHV\VWHP�RSHUDWLRQ��7KHUH�LV�QR�DWWHPSW��IRU�H[DPSOH��WR�SDUVH
WKH�ILOH�DQG�VWRUH�LW�LQ�DQ�LQWHUQDO�GDWDEDVH�IRUPDW��EHFDXVH�+LYH�GRHV�QRW�PDQGDWH�DQ\
SDUWLFXODU�ILOH�IRUPDW��)LOHV�DUH�VWRUHG�YHUEDWLP��WKH\�DUH�QRW�PRGLILHG�E\�+LYH�

,Q�WKLV�H[DPSOH��ZH�DUH�VWRULQJ�+LYH�WDEOHV�RQ�WKH�ORFDO�ILOHV\VWHP��fs.default.name�LV
VHW�WR�LWV�GHIDXOW�YDOXH�RI�file:///���7DEOHV�DUH�VWRUHG�DV�GLUHFWRULHV�XQGHU�+LYH¦V�ZDUH�
KRXVH�GLUHFWRU\��ZKLFK�LV�FRQWUROOHG�E\�WKH�hive.metastore.warehouse.dir�DQG�GHIDXOWV
WR��XVHU�KLYH�ZDUHKRXVH�

7KXV�� WKH� ILOHV� IRU� WKH� records� WDEOH� DUH� IRXQG� LQ� WKH� �XVHU�KLYH�ZDUHKRXVH�UHFRUGV
GLUHFWRU\�RQ�WKH�ORFDO�ILOHV\VWHP�

% ls /user/hive/warehouse/records/
sample.txt
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,Q�WKLV�FDVH��WKHUH�LV�RQO\�RQH�ILOH��VDPSOH�W[W��EXW�LQ�JHQHUDO�WKHUH�FDQ�EH�PRUH��DQG�+LYH
ZLOO�UHDG�DOO�RI�WKHP�ZKHQ�TXHU\LQJ�WKH�WDEOH�

7KH�OVERWRITE�NH\ZRUG�LQ�WKH�LOAD DATA�VWDWHPHQW�WHOOV�+LYH�WR�GHOHWH�DQ\�H[LVWLQJ�ILOHV
LQ�WKH�GLUHFWRU\�IRU�WKH�WDEOH��,I�LW�LV�RPLWWHG��WKH�QHZ�ILOHV�DUH�VLPSO\�DGGHG�WR�WKH�WDEOH¦V
GLUHFWRU\��XQOHVV�WKH\�KDYH�WKH�VDPH�QDPHV��LQ�ZKLFK�FDVH�WKH\�UHSODFH�WKH�ROG�ILOHV��

1RZ�WKDW�WKH�GDWD�LV�LQ�+LYH��ZH�FDQ�UXQ�D�TXHU\�DJDLQVW�LW�

hive> SELECT year, MAX(temperature)
    > FROM records
    > WHERE temperature != 9999
    >   AND (quality = 0 OR quality = 1 OR quality = 4 OR quality = 5 OR quality = 9)
    > GROUP BY year;
1949    111
1950    22

7KLV�64/�TXHU\�LV�XQUHPDUNDEOH��,W�LV�D�SELECT�VWDWHPHQW�ZLWK�D�GROUP BY�FODXVH�IRU
JURXSLQJ�URZV�LQWR�\HDUV��ZKLFK�XVHV�WKH�MAX()�DJJUHJDWH�IXQFWLRQ�WR�ILQG�WKH�PD[LPXP
WHPSHUDWXUH�IRU�HDFK�\HDU�JURXS��%XW�WKH�UHPDUNDEOH�WKLQJ�LV�WKDW�+LYH�WUDQVIRUPV�WKLV
TXHU\�LQWR�D�0DS5HGXFH�MRE��ZKLFK�LW�H[HFXWHV�RQ�RXU�EHKDOI��WKHQ�SULQWV�WKH�UHVXOWV
WR�WKH�FRQVROH��7KHUH�DUH�VRPH�QXDQFHV��VXFK�DV�WKH�64/�FRQVWUXFWV�WKDW�+LYH�VXSSRUWV
DQG�WKH�IRUPDW�RI�WKH�GDWD�WKDW�ZH�FDQ�TXHU\¢DQG�ZH�H[SORUH�VRPH�RI�WKHVH�LQ�WKLV
FKDSWHU¢EXW�LW�LV�WKH�DELOLW\�WR�H[HFXWH�64/�TXHULHV�DJDLQVW�RXU�UDZ�GDWD�WKDW�JLYHV
+LYH�LWV�SRZHU�

Running Hive
,Q�WKLV�VHFWLRQ��ZH�ORRN�DW�VRPH�PRUH�SUDFWLFDO�DVSHFWV�RI�UXQQLQJ�+LYH��LQFOXGLQJ�KRZ
WR�VHW�XS�+LYH�WR�UXQ�DJDLQVW�D�+DGRRS�FOXVWHU�DQG�D�VKDUHG�PHWDVWRUH��,Q�GRLQJ�VR�
ZH¦OO�VHH�+LYH¦V�DUFKLWHFWXUH�LQ�VRPH�GHWDLO�

Configuring Hive
+LYH�LV�FRQILJXUHG�XVLQJ�DQ�;0/�FRQILJXUDWLRQ�ILOH�OLNH�+DGRRS¦V��7KH�ILOH�LV�FDOOHG
KLYH�VLWH�[PO�DQG�LV�ORFDWHG�LQ�+LYH¦V�FRQI�GLUHFWRU\��7KLV�ILOH�LV�ZKHUH�\RX�FDQ�VHW�SURS�
HUWLHV�WKDW�\RX�ZDQW�WR�VHW�HYHU\�WLPH�\RX�UXQ�+LYH��7KH�VDPH�GLUHFWRU\�FRQWDLQV�KLYH�
GHIDXOW�[PO��ZKLFK�GRFXPHQWV�WKH�SURSHUWLHV�WKDW�+LYH�H[SRVHV�DQG�WKHLU�GHIDXOW�YDOXHV�

<RX�FDQ�RYHUULGH�WKH�FRQILJXUDWLRQ�GLUHFWRU\�WKDW�+LYH� ORRNV�IRU� LQ�KLYH�VLWH�[PO�E\
SDVVLQJ�WKH�--config�RSWLRQ�WR�WKH�hive�FRPPDQG�

% hive --config /Users/tom/dev/hive-conf

1RWH�WKDW�WKLV�RSWLRQ�VSHFLILHV�WKH�FRQWDLQLQJ�GLUHFWRU\��QRW�KLYH�VLWH�[PO�LWVHOI��,W�FDQ
EH�XVHIXO�ZKHQ�\RX�KDYH�PXOWLSOH�VLWH�ILOHV¢IRU�GLIIHUHQW�FOXVWHUV��VD\¢WKDW�\RX�VZLWFK
EHWZHHQ�RQ�D�UHJXODU�EDVLV��$OWHUQDWLYHO\��\RX�FDQ�VHW�WKH�HIVE_CONF_DIR�HQYLURQPHQW
YDULDEOH�WR�WKH�FRQILJXUDWLRQ�GLUHFWRU\�IRU�WKH�VDPH�HIIHFW�
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7KH�KLYH�VLWH�[PO�ILOH�LV�D�QDWXUDO�SODFH�WR�SXW�WKH�FOXVWHU�FRQQHFWLRQ�GHWDLOV��\RX�FDQ
VSHFLI\� WKH� ILOHV\VWHP� DQG� MREWUDFNHU� XVLQJ� WKH� XVXDO� +DGRRS� SURSHUWLHV��
fs.default.name�DQG�mapred.job.tracker��VHH�$SSHQGL[�$�IRU�PRUH�GHWDLOV�RQ�FRQILJ�
XULQJ�+DGRRS���,I�QRW�VHW��WKH\�GHIDXOW�WR�WKH�ORFDO�ILOHV\VWHP�DQG�WKH�ORFDO��LQ�SURFHVV�
MRE�UXQQHU¢MXVW�OLNH�WKH\�GR�LQ�+DGRRS¢ZKLFK�LV�YHU\�KDQG\�ZKHQ�WU\LQJ�RXW�+LYH
RQ� VPDOO� WULDO� GDWDVHWV�� 0HWDVWRUH� FRQILJXUDWLRQ� VHWWLQJV� �FRYHUHG� LQ� £7KH� 0HWD�
VWRUH¤�RQ�SDJH������DUH�FRPPRQO\�IRXQG�LQ�KLYH�VLWH�[PO��WRR�

+LYH� DOVR� SHUPLWV� \RX� WR� VHW� SURSHUWLHV� RQ� D� SHU�VHVVLRQ� EDVLV�� E\� SDVVLQJ� WKH
-hiveconf�RSWLRQ�WR�WKH�hive�FRPPDQG��)RU�H[DPSOH��WKH�IROORZLQJ�FRPPDQG�VHWV�WKH
FOXVWHU��LQ�WKLV�FDVH��WR�D�SVHXGRGLVWULEXWHG�FOXVWHU��IRU�WKH�GXUDWLRQ�RI�WKH�VHVVLRQ�

% hive -hiveconf fs.default.name=localhost -hiveconf mapred.job.tracker=localhost:8021

,I�\RX�SODQ�WR�KDYH�PRUH�WKDQ�RQH�+LYH�XVHU�VKDULQJ�D�+DGRRS�FOXVWHU�
\RX�QHHG�WR�PDNH�WKH�GLUHFWRULHV�WKDW�+LYH�XVHV�ZULWDEOH�E\�DOO�XVHUV�
7KH�IROORZLQJ�FRPPDQGV�ZLOO�FUHDWH�WKH�GLUHFWRULHV�DQG�VHW�WKHLU�SHU�
PLVVLRQV�DSSURSULDWHO\�

% hadoop fs -mkdir /tmp
% hadoop fs -chmod a+w /tmp
% hadoop fs -mkdir /user/hive/warehouse
% hadoop fs -chmod a+w /user/hive/warehouse

,I�DOO�XVHUV�DUH�LQ�WKH�VDPH�JURXS��WKHQ�SHUPLVVLRQV�g+w�DUH�VXIILFLHQW�RQ
WKH�ZDUHKRXVH�GLUHFWRU\�

<RX�FDQ�FKDQJH�VHWWLQJV�IURP�ZLWKLQ�D�VHVVLRQ��WRR��XVLQJ�WKH�SET�FRPPDQG��7KLV�LV
XVHIXO�IRU�FKDQJLQJ�+LYH�RU�0DS5HGXFH�MRE�VHWWLQJV�IRU�D�SDUWLFXODU�TXHU\��)RU�H[DPSOH�
WKH�IROORZLQJ�FRPPDQG�HQVXUHV�EXFNHWV�DUH�SRSXODWHG�DFFRUGLQJ�WR�WKH�WDEOH�GHILQLWLRQ
�VHH�£%XFNHWV¤�RQ�SDJH������

hive> SET hive.enforce.bucketing=true;

7R�VHH�WKH�FXUUHQW�YDOXH�RI�DQ\�SURSHUW\��XVH�SET�ZLWK�MXVW�WKH�SURSHUW\�QDPH�

hive> SET hive.enforce.bucketing;
hive.enforce.bucketing=true

%\�LWVHOI��SET�ZLOO�OLVW�DOO�WKH�SURSHUWLHV��DQG�WKHLU�YDOXHV��VHW�E\�+LYH��1RWH�WKDW�WKH�OLVW
ZLOO�QRW�LQFOXGH�+DGRRS�GHIDXOWV��XQOHVV�WKH\�KDYH�EHHQ�H[SOLFLWO\�RYHUULGGHQ�LQ�RQH�RI
WKH�ZD\V�FRYHUHG�LQ�WKLV�VHFWLRQ��8VH�SET -v� WR� OLVW�DOO� WKH�SURSHUWLHV� LQ�WKH�V\VWHP�
LQFOXGLQJ�+DGRRS�GHIDXOWV�

7KHUH�LV�D�SUHFHGHQFH�KLHUDUFK\�WR�VHWWLQJ�SURSHUWLHV��,Q�WKH�IROORZLQJ�OLVW��ORZHU�QXP�
EHUV�WDNH�SUHFHGHQFH�RYHU�KLJKHU�QXPEHUV�

�� 7KH�+LYH�SET�FRPPDQG

�� 7KH�FRPPDQG�OLQH�-hiveconf�RSWLRQ

�� KLYH�VLWH�[PO

�� KLYH�GHIDXOW�[PO
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�� KDGRRS�VLWH�[PO� �RU�� HTXLYDOHQWO\�� FRUH�VLWH�[PO�� KGIV�VLWH�[PO�� DQG� PDSUHG�
VLWH�[PO�

�� KDGRRS�GHIDXOW�[PO� �RU�� HTXLYDOHQWO\�� FRUH�GHIDXOW�[PO�� KGIV�GHIDXOW�[PO�� DQG
PDSUHG�GHIDXOW�[PO�

Logging
<RX�FDQ�ILQG�+LYH¦V�HUURU�ORJ�RQ�WKH�ORFDO�ILOHV\VWHP�DW��WPS��86(5�KLYH�ORJ��,W�FDQ�EH
YHU\�XVHIXO�ZKHQ�WU\LQJ�WR�GLDJQRVH�FRQILJXUDWLRQ�SUREOHPV�RU�RWKHU�W\SHV�RI�HUURU�
+DGRRS¦V�0DS5HGXFH�WDVN�ORJV�DUH�DOVR�D�XVHIXO�VRXUFH�IRU�WURXEOHVKRRWLQJ��VHH�£+D�
GRRS�/RJV¤�RQ�SDJH�����IRU�ZKHUH�WR�ILQG�WKHP�

7KH�ORJJLQJ�FRQILJXUDWLRQ�LV�LQ�FRQI�KLYH�ORJ�M�SURSHUWLHV��DQG�\RX�FDQ�HGLW�WKLV�ILOH�WR
FKDQJH�ORJ�OHYHOV�DQG�RWKHU�ORJJLQJ�UHODWHG�VHWWLQJV��+RZHYHU��RIWHQ�LW¦V�PRUH�FRQYH�
QLHQW�WR�VHW�ORJJLQJ�FRQILJXUDWLRQ�IRU�WKH�VHVVLRQ��)RU�H[DPSOH��WKH�IROORZLQJ�KDQG\
LQYRFDWLRQ�ZLOO�VHQG�GHEXJ�PHVVDJHV�WR�WKH�FRQVROH�

% hive -hiveconf hive.root.logger=DEBUG,console

Hive Services
7KH�+LYH�VKHOO�LV�RQO\�RQH�RI�VHYHUDO�VHUYLFHV�WKDW�\RX�FDQ�UXQ�XVLQJ�WKH�hive�FRPPDQG�
<RX�FDQ�VSHFLI\�WKH�VHUYLFH�WR�UXQ�XVLQJ�WKH�--service�RSWLRQ��7\SH�hive --service
help�WR�JHW�D�OLVW�RI�DYDLODEOH�VHUYLFH�QDPHV��WKH�PRVW�XVHIXO�DUH�GHVFULEHG�LQ�WKH�IROORZLQJ
OLVW�

cli
7KH�FRPPDQG�OLQH�LQWHUIDFH�WR�+LYH��WKH�VKHOO���7KLV�LV�WKH�GHIDXOW�VHUYLFH�

hiveserver
5XQV�+LYH�DV�D�VHUYHU�H[SRVLQJ�D�7KULIW�VHUYLFH��HQDEOLQJ�DFFHVV�IURP�D�UDQJH�RI
FOLHQWV�ZULWWHQ� LQ�GLIIHUHQW� ODQJXDJHV��$SSOLFDWLRQV�XVLQJ�WKH�7KULIW�� -'%&��DQG
2'%&�FRQQHFWRUV�QHHG�WR�UXQ�D�+LYH�VHUYHU�WR�FRPPXQLFDWH�ZLWK�+LYH��6HW�WKH�
HIVE_PORT�HQYLURQPHQW�YDULDEOH�WR�VSHFLI\�WKH�SRUW�WKH�VHUYHU�ZLOO�OLVWHQ�RQ��GHIDXOWV
WR���������

hwi
7KH�+LYH�:HE�,QWHUIDFH��6HH�£7KH�+LYH�:HE�,QWHUIDFH��+:,�¤�RQ�SDJH�����

jar
7KH�+LYH�HTXLYDOHQW�WR�hadoop jar��D�FRQYHQLHQW�ZD\�WR�UXQ�-DYD�DSSOLFDWLRQV�WKDW
LQFOXGHV�ERWK�+DGRRS�DQG�+LYH�FODVVHV�RQ�WKH�FODVVSDWK�

metastore
%\�GHIDXOW��WKH�PHWDVWRUH�LV�UXQ�LQ�WKH�VDPH�SURFHVV�DV�WKH�+LYH�VHUYLFH��8VLQJ�WKLV
VHUYLFH��LW�LV�SRVVLEOH�WR�UXQ�WKH�PHWDVWRUH�DV�D�VWDQGDORQH��UHPRWH��SURFHVV��6HW�WKH�
METASTORE_PORT�HQYLURQPHQW�YDULDEOH�WR�VSHFLI\�WKH�SRUW�WKH�VHUYHU�ZLOO�OLVWHQ�RQ�
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The Hive Web Interface (HWI)
$V�DQ�DOWHUQDWLYH�WR�WKH�VKHOO��\RX�PLJKW�ZDQW�WR�WU\�+LYH¦V�VLPSOH�ZHE�LQWHUIDFH��6WDUW
LW�XVLQJ�WKH�IROORZLQJ�FRPPDQGV�

% export ANT_LIB=/path/to/ant/lib
% hive --service hwi

�<RX�QHHG�WR�VHW�WKH�ANT_LIB�HQYLURQPHQW�YDULDEOH�RQO\�LI�$QW¦V�OLEUDU\�LV�QRW�IRXQG
LQ� �RSW�DQW�OLE� RQ� \RXU� V\VWHP��� 7KHQ�� QDYLJDWH� WR�KWWS���ORFDOKRVW������KZL� LQ� \RXU
EURZVHU��)URP�WKHUH��\RX�FDQ�EURZVH�+LYH�GDWDEDVH�VFKHPDV�DQG�FUHDWH�VHVVLRQV�IRU
LVVXLQJ�FRPPDQGV�DQG�TXHULHV�

,W¦V�SRVVLEOH�WR�UXQ�WKH�ZHE�LQWHUIDFH�DV�D�VKDUHG�VHUYLFH�WR�JLYH�XVHUV�ZLWKLQ�DQ�RUJD�
QL]DWLRQ�DFFHVV�WR�+LYH�ZLWKRXW�KDYLQJ�WR�LQVWDOO�DQ\�FOLHQW�VRIWZDUH��7KHUH�DUH�PRUH
GHWDLOV�RQ�WKH�+LYH�:HE�,QWHUIDFH�RQ�WKH�+LYH�ZLNL�DW�KWWSV���FZLNL�DSDFKH�RUJ�FRQIOX
HQFH�GLVSOD\�+LYH�+LYH:HE,QWHUIDFH�

Hive clients
,I�\RX�UXQ�+LYH�DV�D�VHUYHU��hive --service hiveserver���WKHUH�DUH�D�QXPEHU�RI�GLIIHUHQW
PHFKDQLVPV� IRU� FRQQHFWLQJ� WR� LW� IURP�DSSOLFDWLRQV��7KH� UHODWLRQVKLS�EHWZHHQ�+LYH
FOLHQWV�DQG�+LYH�VHUYLFHV�LV�LOOXVWUDWHG�LQ�)LJXUH������

)LJXUH�������+LYH�DUFKLWHFWXUH
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7KULIW�&OLHQW
7KH�+LYH�7KULIW�&OLHQW�PDNHV�LW�HDV\�WR�UXQ�+LYH�FRPPDQGV�IURP�D�ZLGH�UDQJH�RI
SURJUDPPLQJ�ODQJXDJHV��7KULIW�ELQGLQJV�IRU�+LYH�DUH�DYDLODEOH�IRU�&����-DYD��3+3�
3\WKRQ��DQG�5XE\��7KH\�FDQ�EH�IRXQG�LQ�WKH�VUF�VHUYLFH�VUF�VXEGLUHFWRU\�LQ�WKH�+LYH
GLVWULEXWLRQ�

-'%&�GULYHU
+LYH� SURYLGHV� D� 7\SH� �� �SXUH� -DYD�� -'%&� GULYHU�� GHILQHG� LQ� WKH� FODVV�
org.apache.hadoop.hive.jdbc.HiveDriver��:KHQ�FRQILJXUHG�ZLWK�D�-'%&�85,�RI
WKH�IRUP�jdbc:hive://host:port/dbname��D�-DYD�DSSOLFDWLRQ�ZLOO�FRQQHFW�WR�D�+LYH
VHUYHU�UXQQLQJ�LQ�D�VHSDUDWH�SURFHVV�DW�WKH�JLYHQ�KRVW�DQG�SRUW���7KH�GULYHU�PDNHV
FDOOV�WR�DQ�LQWHUIDFH�LPSOHPHQWHG�E\�WKH�+LYH�7KULIW�&OLHQW�XVLQJ�WKH�-DYD�7KULIW
ELQGLQJV��

<RX�PD\�DOWHUQDWLYHO\�FKRRVH�WR�FRQQHFW�WR�+LYH�YLD�-'%&�LQ�HPEHGGHG�PRGH�XVLQJ
WKH�85,�jdbc:hive://��,Q�WKLV�PRGH��+LYH�UXQV�LQ�WKH�VDPH�-90�DV�WKH�DSSOLFDWLRQ
LQYRNLQJ�LW��VR�WKHUH�LV�QR�QHHG�WR�ODXQFK�LW�DV�D�VWDQGDORQH�VHUYHU��VLQFH�LW�GRHV�QRW
XVH�WKH�7KULIW�VHUYLFH�RU�WKH�+LYH�7KULIW�&OLHQW�

2'%&�GULYHU
7KH�+LYH�2'%&�GULYHU�DOORZV�DSSOLFDWLRQV�WKDW�VXSSRUW�WKH�2'%&�SURWRFRO�WR
FRQQHFW�WR�+LYH���/LNH�WKH�-'%&�GULYHU��WKH�2'%&�GULYHU�XVHV�7KULIW�WR�FRPPX�
QLFDWH�ZLWK�WKH�+LYH�VHUYHU���7KH�2'%&�GULYHU�LV�VWLOO�LQ�GHYHORSPHQW��VR�\RX�VKRXOG
UHIHU�WR�WKH�ODWHVW�LQVWUXFWLRQV�RQ�WKH�+LYH�ZLNL�IRU�KRZ�WR�EXLOG�DQG�UXQ�LW�

7KHUH�DUH�PRUH�GHWDLOV�RQ�XVLQJ�WKHVH�FOLHQWV�RQ�WKH�+LYH�ZLNL�DW�KWWSV���FZLNL�DSDFKH
�RUJ�FRQIOXHQFH�GLVSOD\�+LYH�+LYH&OLHQW�

The Metastore
7KH�PHWDVWRUH�LV�WKH�FHQWUDO�UHSRVLWRU\�RI�+LYH�PHWDGDWD��7KH�PHWDVWRUH�LV�GLYLGHG�LQWR
WZR�SLHFHV��D�VHUYLFH�DQG�WKH�EDFNLQJ�VWRUH�IRU�WKH�GDWD��%\�GHIDXOW��WKH�PHWDVWRUH�VHUYLFH
UXQV�LQ�WKH�VDPH�-90�DV�WKH�+LYH�VHUYLFH�DQG�FRQWDLQV�DQ�HPEHGGHG�'HUE\�GDWDEDVH
LQVWDQFH�EDFNHG�E\�WKH�ORFDO�GLVN��7KLV�LV�FDOOHG�WKH�HPEHGGHG�PHWDVWRUH�FRQILJXUDWLRQ
�VHH�)LJXUH�������

8VLQJ�DQ�HPEHGGHG�PHWDVWRUH�LV�D�VLPSOH�ZD\�WR�JHW�VWDUWHG�ZLWK�+LYH��KRZHYHU��RQO\
RQH�HPEHGGHG�'HUE\�GDWDEDVH�FDQ�DFFHVV�WKH�GDWDEDVH�ILOHV�RQ�GLVN�DW�DQ\�RQH�WLPH�
ZKLFK�PHDQV�\RX�FDQ�KDYH�RQO\�RQH�+LYH�VHVVLRQ�RSHQ�DW�D�WLPH�WKDW�VKDUHV�WKH�VDPH
PHWDVWRUH��7U\LQJ�WR�VWDUW�D�VHFRQG�VHVVLRQ�JLYHV�WKH�HUURU�

Failed to start database 'metastore_db'

ZKHQ�LW�DWWHPSWV�WR�RSHQ�D�FRQQHFWLRQ�WR�WKH�PHWDVWRUH�

7KH�VROXWLRQ�WR�VXSSRUWLQJ�PXOWLSOH�VHVVLRQV��DQG�WKHUHIRUH�PXOWLSOH�XVHUV��LV�WR�XVH�D
VWDQGDORQH�GDWDEDVH��7KLV�FRQILJXUDWLRQ�LV�UHIHUUHG�WR�DV�D�ORFDO�PHWDVWRUH��VLQFH�WKH
PHWDVWRUH�VHUYLFH�VWLOO�UXQV�LQ�WKH�VDPH�SURFHVV�DV�WKH�+LYH�VHUYLFH��EXW�FRQQHFWV�WR�D
GDWDEDVH�UXQQLQJ�LQ�D�VHSDUDWH�SURFHVV��HLWKHU�RQ�WKH�VDPH�PDFKLQH�RU�RQ�D�UHPRWH
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PDFKLQH�� $Q\� -'%&�FRPSOLDQW� GDWDEDVH� PD\� EH� XVHG� E\� VHWWLQJ� WKH
javax.jdo.option.*�FRQILJXUDWLRQ�SURSHUWLHV�OLVWHG�LQ�7DEOH�������

0\64/� LV� D� SRSXODU� FKRLFH� IRU� WKH� VWDQGDORQH� PHWDVWRUH�� ,Q� WKLV� FDVH�� WKH
javax.jdo.option.ConnectionURL� LV� VHW� WR� jdbc:mysql://host/dbname?createData
baseIfNotExist=true�� DQG� WKH� javax.jdo.option.ConnectionDriverName� LV� VHW� WR
com.mysql.jdbc.Driver���7KH�XVHUQDPH�DQG�SDVVZRUG�VKRXOG�EH�VHW��WRR��RI�FRXUVH��
7KH�-'%&�GULYHU�-$5�ILOH�IRU�0\64/��&RQQHFWRU�-��PXVW�EH�RQ�+LYH¦V�FODVVSDWK��ZKLFK
LV�VLPSO\�DFKLHYHG�E\�SODFLQJ�LW�LQ�+LYH¦V�OLE�GLUHFWRU\�

*RLQJ�D�VWHS�IXUWKHU�� WKHUH¦V�DQRWKHU�PHWDVWRUH�FRQILJXUDWLRQ�FDOOHG�D�UHPRWH�PHWD�
VWRUH��ZKHUH�RQH�RU�PRUH�PHWDVWRUH�VHUYHUV�UXQ�LQ�VHSDUDWH�SURFHVVHV�WR�WKH�+LYH�VHUYLFH�

)LJXUH�������0HWDVWRUH�FRQILJXUDWLRQV

�� 7KH� SURSHUWLHV� KDYH� WKH� javax.jdo� SUHIL[� EHFDXVH� WKH�PHWDVWRUH� LPSOHPHQWDWLRQ� XVHV� WKH� -DYD�'DWD
2EMHFWV��-'2��$3,�IRU�SHUVLVWLQJ�-DYD�REMHFWV��6SHFLILFDOO\��LW�XVHV�WKH�'DWD1XFOHXV�LPSOHPHQWDWLRQ�RI
-'2�
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7KLV�EULQJV�EHWWHU�PDQDJHDELOLW\�DQG�VHFXULW\�EHFDXVH�WKH�GDWDEDVH�WLHU�FDQ�EH�FRP�
SOHWHO\�ILUHZDOOHG�RII��DQG�WKH�FOLHQWV�QR�ORQJHU�QHHG�WKH�GDWDEDVH�FUHGHQWLDOV�

$� +LYH� VHUYLFH� LV� FRQILJXUHG� WR� XVH� D� UHPRWH� PHWDVWRUH� E\� VHWWLQJ� hive.meta
store.local�WR�false�DQG�hive.metastore.uris�WR�WKH�PHWDVWRUH�VHUYHU�85,V��VHSDUDWHG
E\�FRPPDV�LI�WKHUH�LV�PRUH�WKDQ�RQH��0HWDVWRUH�VHUYHU�85,V�DUH�RI�WKH�IRUP�thrift://
host:port��ZKHUH�WKH�SRUW�FRUUHVSRQGV�WR�WKH�RQH�VHW�E\�METASTORE_PORT�ZKHQ�VWDUWLQJ
WKH�PHWDVWRUH�VHUYHU��VHH�£+LYH�6HUYLFHV¤�RQ�SDJH������

7DEOH�������,PSRUWDQW�PHWDVWRUH�FRQILJXUDWLRQ�SURSHUWLHV

Property name Type Default value Description

hive.metastore .
warehouse.dir

URI /user/hive/
warehouse

The directory relative to
fs.default.name where managed tables
are stored.

hive.metastore.
local

boolean true Whether to use an embedded metastore
server (true) or connect to a remote instance
(false). If false, then
hive.metastore.uris must be set.

hive.metastore.uris Comma-
separated
URIs

Not set The URIs specifying the remote metastore
servers to connect to. Clients connect in a
round-robin fashion when there are multiple
remote servers.

javax.jdo.option.
ConnectionURL

URI jdbc:derby:;database
Name=metastore_db;
create=true

The JDBC URL of the metastore database.

javax.jdo.option.
ConnectionDriverName

String org.apache.derby.
jdbc.EmbeddedDriver

The JDBC driver classname.

javax.jdo.option.
ConnectionUserName

String APP The JDBC username.

javax.jdo.option.
ConnectionPassword

String mine The JDBC password.

Comparison with Traditional Databases
$OWKRXJK�+LYH�UHVHPEOHV�D�WUDGLWLRQDO�GDWDEDVH�LQ�PDQ\�ZD\V��VXFK�DV�VXSSRUWLQJ�DQ
64/�LQWHUIDFH���LWV�+')6�DQG�0DS5HGXFH�XQGHUSLQQLQJV�PHDQ�WKDW�WKHUH�DUH�D�QXPEHU
RI� DUFKLWHFWXUDO� GLIIHUHQFHV� WKDW� GLUHFWO\� LQIOXHQFH� WKH� IHDWXUHV� WKDW� +LYH� VXSSRUWV�
ZKLFK�LQ�WXUQ�DIIHFWV�WKH�XVHV�WKDW�+LYH�FDQ�EH�SXW�WR�

Schema on Read Versus Schema on Write
,Q�D�WUDGLWLRQDO�GDWDEDVH��D�WDEOH¦V�VFKHPD�LV�HQIRUFHG�DW�GDWD�ORDG�WLPH��,I�WKH�GDWD�EHLQJ
ORDGHG�GRHVQ¦W�FRQIRUP�WR�WKH�VFKHPD��WKHQ�LW�LV�UHMHFWHG��7KLV�GHVLJQ�LV�VRPHWLPHV
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FDOOHG�VFKHPD�RQ�ZULWH�EHFDXVH�WKH�GDWD�LV�FKHFNHG�DJDLQVW�WKH�VFKHPD�ZKHQ�LW�LV�ZULWWHQ
LQWR�WKH�GDWDEDVH�

+LYH��RQ�WKH�RWKHU�KDQG��GRHVQ¦W�YHULI\�WKH�GDWD�ZKHQ�LW�LV�ORDGHG��EXW�UDWKHU�ZKHQ�D
TXHU\�LV�LVVXHG��7KLV�LV�FDOOHG�VFKHPD�RQ�UHDG�

7KHUH�DUH�WUDGH�RIIV�EHWZHHQ�WKH�WZR�DSSURDFKHV��6FKHPD�RQ�UHDG�PDNHV�IRU�D�YHU\�IDVW
LQLWLDO�ORDG��VLQFH�WKH�GDWD�GRHV�QRW�KDYH�WR�EH�UHDG��SDUVHG��DQG�VHULDOL]HG�WR�GLVN�LQ
WKH�GDWDEDVH¦V�LQWHUQDO�IRUPDW��7KH�ORDG�RSHUDWLRQ�LV�MXVW�D�ILOH�FRS\�RU�PRYH��,W�LV�PRUH
IOH[LEOH��WRR��FRQVLGHU�KDYLQJ�WZR�VFKHPDV�IRU�WKH�VDPH�XQGHUO\LQJ�GDWD��GHSHQGLQJ�RQ
WKH�DQDO\VLV�EHLQJ�SHUIRUPHG���7KLV�LV�SRVVLEOH�LQ�+LYH�XVLQJ�H[WHUQDO�WDEOHV��VHH�£0DQ�
DJHG�7DEOHV�DQG�([WHUQDO�7DEOHV¤�RQ�SDJH������

6FKHPD�RQ�ZULWH�PDNHV�TXHU\�WLPH�SHUIRUPDQFH�IDVWHU�EHFDXVH�WKH�GDWDEDVH�FDQ�LQGH[
FROXPQV�DQG�SHUIRUP�FRPSUHVVLRQ�RQ�WKH�GDWD��7KH�WUDGH�RII��KRZHYHU��LV�WKDW�LW�WDNHV
ORQJHU�WR�ORDG�GDWD�LQWR�WKH�GDWDEDVH��)XUWKHUPRUH��WKHUH�DUH�PDQ\�VFHQDULRV�ZKHUH�WKH
VFKHPD�LV�QRW�NQRZQ�DW�ORDG�WLPH��VR�WKHUH�DUH�QR�LQGH[HV�WR�DSSO\��EHFDXVH�WKH�TXHULHV
KDYH�QRW�EHHQ�IRUPXODWHG�\HW��7KHVH�VFHQDULRV�DUH�ZKHUH�+LYH�VKLQHV�

Updates, Transactions, and Indexes
8SGDWHV��WUDQVDFWLRQV��DQG�LQGH[HV�DUH�PDLQVWD\V�RI�WUDGLWLRQDO�GDWDEDVHV��<HW��XQWLO
UHFHQWO\��WKHVH�IHDWXUHV�KDYH�QRW�EHHQ�FRQVLGHUHG�D�SDUW�RI�+LYH¦V�IHDWXUH�VHW��7KLV�LV
EHFDXVH�+LYH�ZDV�EXLOW�WR�RSHUDWH�RYHU�+')6�GDWD�XVLQJ�0DS5HGXFH��ZKHUH�IXOO�WDEOH
VFDQV�DUH�WKH�QRUP�DQG�D�WDEOH�XSGDWH�LV�DFKLHYHG�E\�WUDQVIRUPLQJ�WKH�GDWD�LQWR�D�QHZ
WDEOH��)RU�D�GDWD�ZDUHKRXVLQJ�DSSOLFDWLRQ�WKDW�UXQV�RYHU�ODUJH�SRUWLRQV�RI�WKH�GDWDVHW�
WKLV�ZRUNV�ZHOO�

+LYH�GRHVQ¦W�VXSSRUW�XSGDWHV� �RU�GHOHWHV���EXW� LW�GRHV�VXSSRUW�INSERT INTO�� VR� LW� LV
SRVVLEOH�WR�DGG�QHZ�URZV�WR�DQ�H[LVWLQJ�WDEOH�

:LWK�UHOHDVH��������+LYH�LQWURGXFHG�LQGH[HV��ZKLFK�FDQ�VSHHG�XS�TXHULHV�LQ�FHUWDLQ
FDVHV��$�TXHU\�VXFK�DV�SELECT * from t WHERE x = a��IRU�H[DPSOH��FDQ�WDNH�DGYDQWDJH
RI� DQ� LQGH[�RQ�FROXPQ�x�� VLQFH�RQO\� D� VPDOO�SRUWLRQ�RI� WKH� WDEOH¦V� ILOHV�QHHG� WR�EH
VFDQQHG��7KHUH�DUH�FXUUHQWO\�WZR�LQGH[�W\SHV��FRPSDFW�DQG�ELWPDS���7KH�LQGH[�LPSOH�
PHQWDWLRQ�ZDV�GHVLJQHG�WR�EH�SOXJJDEOH��VR�LW¦V�H[SHFWHG�WKDW�D�YDULHW\�RI�LPSOHPHQ�
WDWLRQV�ZLOO�HPHUJH�IRU�GLIIHUHQW�XVH�FDVHV��

&RPSDFW�LQGH[HV�VWRUH�WKH�+')6�EORFN�QXPEHUV�RI�HDFK�YDOXH��UDWKHU�WKDQ�HDFK�ILOH
RIIVHW��VR�WKH\�GRQ¦W�WDNH�XS�PXFK�GLVN�VSDFH�EXW�DUH�VWLOO�HIIHFWLYH�IRU�WKH�FDVH�ZKHUH
YDOXHV�DUH�FOXVWHUHG�WRJHWKHU�LQ�QHDUE\�URZV��%LWPDS�LQGH[HV�XVH�FRPSUHVVHG�ELWVHWV�WR
HIILFLHQWO\�VWRUH�WKH�URZV�WKDW�D�SDUWLFXODU�YDOXH�DSSHDUV�LQ��DQG�WKH\�DUH�XVXDOO\�DS�
SURSULDWH�IRU�ORZ�FDUGLQDOLW\�FROXPQV��VXFK�DV�JHQGHU�RU�FRXQWU\��

5HOHDVH�������DOVR�VDZ�WKH�LQWURGXFWLRQ�RI�WDEOH��DQG�SDUWLWLRQ�OHYHO�ORFNLQJ�LQ�+LYH�
/RFNV�SUHYHQW��IRU�H[DPSOH��RQH�SURFHVV�IURP�GURSSLQJ�D�WDEOH�ZKLOH�DQRWKHU�LV�UHDGLQJ
IURP�LW��/RFNV�DUH�PDQDJHG�WUDQVSDUHQWO\�XVLQJ�=RR.HHSHU��VR�WKH�XVHU�GRHVQ¦W�KDYH
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WR�DFTXLUH�RU�UHOHDVH�WKHP��DOWKRXJK�LW�LV�SRVVLEOH�WR�JHW�LQIRUPDWLRQ�DERXW�ZKLFK�ORFNV
DUH�EHLQJ�KHOG�YLD�WKH�SHOW LOCKS�VWDWHPHQW��%\�GHIDXOW��ORFNV�DUH�QRW�HQDEOHG�

&KDQJH� LV� DOVR� FRPLQJ� IURP� DQRWKHU� GLUHFWLRQ�� +%DVH� LQWHJUDWLRQ�� +%DVH� �&KDS�
WHU�����KDV�GLIIHUHQW�VWRUDJH�FKDUDFWHULVWLFV�WKDQ�+')6��VXFK�DV�WKH�DELOLW\�WR�GR�URZ
XSGDWHV�DQG�FROXPQ�LQGH[LQJ��VR�ZH�FDQ�H[SHFW�WR�VHH�WKHVH�IHDWXUHV�XVHG�E\�+LYH�LQ
IXWXUH�UHOHDVHV��,W�LV�DOUHDG\�SRVVLEOH�WR�DFFHVV�+%DVH�WDEOHV�IURP�+LYH��\RX�FDQ�ILQG�RXW
PRUH�DW�KWWSV���FZLNL�DSDFKH�RUJ�FRQIOXHQFH�GLVSOD\�+LYH�+%DVH,QWHJUDWLRQ�

HiveQL
+LYH¦V�64/�GLDOHFW��FDOOHG�+LYH4/��GRHV�QRW�VXSSRUW� WKH� IXOO�64/����VSHFLILFDWLRQ�
VLQFH�64/����FRPSOLDQFH�KDV�QHYHU�EHHQ�DQ�H[SOLFLW�SURMHFW�JRDO��5DWKHU��DV�DQ�RSHQ
VRXUFH�SURMHFW��IHDWXUHV�DUH�DGGHG�E\�GHYHORSHUV�WR�PHHW�WKHLU�XVHUV¦�QHHGV��UHVXOWLQJ�LQ
WKDW�+LYH¦V�64/�VXSSRUW�EHFRPLQJ�ULFKHU�RYHU�WLPH��)XUWKHUPRUH��+LYH�KDV�VRPH�H[�
WHQVLRQV�WKDW�DUH�QRW�LQ�64/�����LQVSLUHG�E\�V\QWD[�IURP�RWKHU�GDWDEDVH�V\VWHPV��QR�
WDEO\�0\64/��,Q�IDFW��WR�D�ILUVW�RUGHU�DSSUR[LPDWLRQ��+LYH4/�PRVW�FORVHO\�UHVHPEOHV
0\64/¦V�64/�GLDOHFW�

6RPH�RI�+LYH¦V�H[WHQVLRQV�WR�64/����ZHUH�LQVSLUHG�E\�0DS5HGXFH��VXFK�DV�PXOWLWDEOH
LQVHUWV��VHH�£0XOWLWDEOH�LQVHUW¤�RQ�SDJH������DQG�WKH�TRANSFORM��MAP��DQG�REDUCE�FODXVHV
�VHH�£0DS5HGXFH�6FULSWV¤�RQ�SDJH������

7KLV�FKDSWHU�GRHV�QRW�SURYLGH�D�FRPSOHWH�UHIHUHQFH�WR�+LYH4/��IRU�WKDW��VHH�WKH�+LYH
GRFXPHQWDWLRQ� DW� KWWSV���FZLNL�DSDFKH�RUJ�FRQIOXHQFH�GLVSOD\�+LYH�/DQJXDJH0DQXDO�
,QVWHDG��ZH�IRFXV�RQ�FRPPRQO\�XVHG�IHDWXUHV�DQG�SD\�SDUWLFXODU�DWWHQWLRQ�WR�IHDWXUHV
WKDW�GLYHUJH� IURP�HLWKHU�64/����RU�SRSXODU�GDWDEDVHV� VXFK�DV�0\64/��7DEOH�����
SURYLGHV�D�KLJK�OHYHO�FRPSDULVRQ�RI�64/�DQG�+LYH4/�

7DEOH�������$�KLJK�OHYHO�FRPSDULVRQ�RI�64/�DQG�+LYH4/

Feature SQL HiveQL References

Updates UPDATE, INSERT, DELETE INSERT “Inserts” on page 441; “Updates,
Transactions, and Indexes”
on page 424

Transactions Supported Supported (table- and par-
tition-level)

Indexes Supported Supported

Latency Sub-second Minutes  

Data types Integral, floating-point, fixed-
point, text and binary strings,
temporal

Integral, floating-point,
Boolean, text and binary
strings, timestamp, array,
map, struct

“Data Types” on page 426

Functions Hundreds of built-in
functions

Dozens of built-in
functions

“Operators and Func-
tions” on page 428

Multitable inserts Not supported Supported “Multitable insert” on page 442
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Feature SQL HiveQL References

Create table as
select

Not valid SQL-92, but found in
some databases

Supported “CREATE TABLE...AS SE-
LECT” on page 442

Select SQL-92 Single table or view in the
FROM clause; SORT BY for
partial ordering. LIMIT to
limit number of rows re-
turned

“Querying Data” on page 444

Joins SQL-92 or variants (join
tables in the FROM clause, join
condition in the WHERE
clause)

Inner joins, outer joins; semi
joins, map joins (SQL-92
syntax, with hinting)

“Joins” on page 446

Subqueries In any clause (correlated or
noncorrelated)

Only in the FROM clause
(correlated subqueries not
supported)

“Subqueries” on page 449

Views Updatable (materialized or
nonmaterialized)

Read-only (materialized
views not supported)

“Views” on page 450

Extension points User-defined functions.
Stored procedures.

User-defined functions,
MapReduce scripts.

“User-Defined Functions” on page 451;
“MapReduce Scripts” on page 445

Data Types
+LYH� VXSSRUWV� ERWK�SULPLWLYH� DQG� FRPSOH[�GDWD� W\SHV�� 3ULPLWLYHV� LQFOXGH�QXPHULF�
%RROHDQ��VWULQJ��DQG�WLPHVWDPS�W\SHV��7KH�FRPSOH[�GDWD�W\SHV�LQFOXGH�DUUD\V��PDSV�
DQG�VWUXFWV��+LYH¦V�GDWD�W\SHV�DUH�OLVWHG�LQ�7DEOH�������1RWH�WKDW�WKH�OLWHUDOV�VKRZQ�DUH
WKRVH�XVHG�IURP�ZLWKLQ�+LYH4/��WKH\�DUH�QRW�WKH�VHULDOL]HG�IRUP�XVHG�LQ�WKH�WDEOH¦V
VWRUDJH�IRUPDW��VHH�£6WRUDJH�)RUPDWV¤�RQ�SDJH������

7DEOH�������+LYH�GDWD�W\SHV

Category Type Description Literal examples

Primitive TINYINT 1-byte (8-bit) signed integer, from -128 to
127

1

SMALLINT 2-byte (16-bit) signed integer, from
-32,768 to 32,767

1

INT 4-byte (32-bit) signed integer, from
-2,147,483,648 to 2,147,483,647

1

BIGINT 8-byte (64-bit) signed integer, from
-9,223,372,036,854,775,808 to
9,223,372,036,854,775,807

1

FLOAT 4-byte (32-bit) single-precision floating-
point number

1.0

DOUBLE 8-byte (64-bit) double-precision floating-
point number

1.0
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Category Type Description Literal examples

BOOLEAN true/false value TRUE

STRING Character string 'a', "a"

BINARY Byte array Not supported

TIMESTAMP Timestamp with nanosecond precision 1325502245000, '2012-01-02
03:04:05.123456789'

Complex ARRAY An ordered collection of fields. The fields
must all be of the same type.

array(1, 2) a

MAP An unordered collection of key-value pairs.
Keys must be primitives; values may be any
type. For a particular map, the keys must
be the same type, and the values must be
the same type.

map('a', 1, 'b', 2)

STRUCT A collection of named fields. The fields may
be of different types.

struct('a', 1, 1.0) b

a The literal forms for arrays, maps, and structs are provided as functions. That is, array(), map(), and struct() are built-in Hive functions.
b The columns are named col1, col2, col3, etc.

Primitive types
+LYH¦V�SULPLWLYH�W\SHV�FRUUHVSRQG�URXJKO\�WR�-DYD¦V��DOWKRXJK�VRPH�QDPHV�DUH�LQIOX�
HQFHG�E\�0\64/¦V�W\SH�QDPHV��VRPH�RI�ZKLFK��LQ�WXUQ��RYHUODS�ZLWK�64/������7KHUH
DUH�IRXU�VLJQHG�LQWHJUDO�W\SHV��TINYINT��SMALLINT��INT��DQG�BIGINT��ZKLFK�DUH�HTXLYDOHQW
WR�-DYD¦V�byte��short��int��DQG�long�SULPLWLYH�W\SHV��UHVSHFWLYHO\��WKH\�DUH���E\WH����E\WH�
��E\WH��DQG���E\WH�VLJQHG�LQWHJHUV�

+LYH¦V�IORDWLQJ�SRLQW�W\SHV��FLOAT�DQG�DOUBLE��FRUUHVSRQG�WR�-DYD¦V�float�DQG�double�
ZKLFK�DUH����ELW�DQG����ELW�IORDWLQJ�SRLQW�QXPEHUV��8QOLNH�VRPH�GDWDEDVHV��WKHUH�LV�QR
RSWLRQ�WR�FRQWURO�WKH�QXPEHU�RI�VLJQLILFDQW�GLJLWV�RU�GHFLPDO�SODFHV�VWRUHG�IRU�IORDWLQJ�
SRLQW�YDOXHV�

+LYH�VXSSRUWV�D�BOOLEAN�W\SH�IRU�VWRULQJ�WUXH�DQG�IDOVH�YDOXHV�

7KHUH� LV� D� VLQJOH�+LYH�GDWD� W\SH� IRU� VWRULQJ� WH[W��STRING��ZKLFK� LV� D� YDULDEOH�OHQJWK
FKDUDFWHU�VWULQJ��+LYH¦V�STRING�W\SH�LV�OLNH�VARCHAR�LQ�RWKHU�GDWDEDVHV��DOWKRXJK�WKHUH
LV�QR�GHFODUDWLRQ�RI� WKH�PD[LPXP�QXPEHU�RI�FKDUDFWHUV� WR�VWRUH�ZLWK�STRING�� �7KH
WKHRUHWLFDO�PD[LPXP�VL]H�STRING�WKDW�PD\�EH�VWRUHG�LV��*%��DOWKRXJK�LQ�SUDFWLFH�LW�PD\
EH� LQHIILFLHQW� WR�PDWHULDOL]H� VXFK� ODUJH� YDOXHV�� 6TRRS� KDV� ODUJH� REMHFW� VXSSRUW�� VHH
£,PSRUWLQJ�/DUJH�2EMHFWV¤�RQ�SDJH������

7KH�BINARY�GDWD�W\SH�LV�IRU�VWRULQJ�YDULDEOH�OHQJWK�ELQDU\�GDWD�

7KH�TIMESTAMP�GDWD�W\SH�VWRUHV�WLPHVWDPSV�ZLWK�QDQRVHFRQG�SUHFLVLRQ��+LYH�FRPHV
ZLWK�8')V�IRU�FRQYHUWLQJ�EHWZHHQ�+LYH�WLPHVWDPSV��8QL[�WLPHVWDPSV��VHFRQGV�VLQFH
WKH�8QL[�HSRFK���DQG�VWULQJV��ZKLFK�PDNHV�PRVW�FRPPRQ�GDWH�RSHUDWLRQV�WUDFWDEOH��
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TIMESTAMP� GRHV� QRW� HQFDSVXODWH� D� WLPH]RQH�� KRZHYHU�� WKH� to_utc_timestamp� DQG�
from_utc_timestamp�IXQFWLRQV�PDNH�LW�SRVVLEOH�WR�GR�WLPH]RQH�FRQYHUVLRQV�

Complex types
+LYH�KDV� WKUHH� FRPSOH[� W\SHV��ARRAY��MAP�� DQG�STRUCT��ARRAY� DQG�MAP� DUH� OLNH� WKHLU
QDPHVDNHV�LQ�-DYD��ZKHUHDV�D�STRUCT�LV�D�UHFRUG�W\SH�WKDW�HQFDSVXODWHV�D�VHW�RI�QDPHG
ILHOGV��&RPSOH[�W\SHV�SHUPLW�DQ�DUELWUDU\�OHYHO�RI�QHVWLQJ��&RPSOH[�W\SH�GHFODUDWLRQV
PXVW�VSHFLI\�WKH�W\SH�RI�WKH�ILHOGV�LQ�WKH�FROOHFWLRQ��XVLQJ�DQ�DQJOHG�EUDFNHW�QRWDWLRQ�
DV�LOOXVWUDWHG�LQ�WKLV�WDEOH�GHILQLWLRQ�ZLWK�WKUHH�FROXPQV��RQH�IRU�HDFK�FRPSOH[�W\SH�

CREATE TABLE complex (
  col1 ARRAY<INT>,
  col2 MAP<STRING, INT>,
  col3 STRUCT<a:STRING, b:INT, c:DOUBLE>
);

,I�ZH�ORDG�WKH�WDEOH�ZLWK�RQH�URZ�RI�GDWD�IRU�ARRAY��MAP��DQG�STRUCT�DV�VKRZQ�LQ�WKH
£/LWHUDO�H[DPSOHV¤�FROXPQ�LQ�7DEOH�������ZH¦OO�VHH�WKH�ILOH�IRUPDW�QHHGHG�WR�GR�WKLV�LQ
£6WRUDJH�)RUPDWV¤�RQ�SDJH�������WKH�IROORZLQJ�TXHU\�GHPRQVWUDWHV�WKH�ILHOG�DFFHVVRU
RSHUDWRUV�IRU�HDFK�W\SH�

hive> SELECT col1[0], col2['b'], col3.c FROM complex;
1    2    1.0

Operators and Functions
7KH�XVXDO�VHW�RI�64/�RSHUDWRUV�LV�SURYLGHG�E\�+LYH��UHODWLRQDO�RSHUDWRUV��VXFK�DV�x =
'a'�IRU�WHVWLQJ�HTXDOLW\��x IS NULL�IRU�WHVWLQJ�QXOOLW\�DQG�x LIKE 'a%'�IRU�SDWWHUQ�PDWFK�
LQJ���DULWKPHWLF�RSHUDWRUV��VXFK�DV�x + 1�IRU�DGGLWLRQ���DQG�ORJLFDO�RSHUDWRUV��VXFK�DV
x�OR�y� IRU� ORJLFDO�25���7KH�RSHUDWRUV�PDWFK� WKRVH� LQ�0\64/��ZKLFK�GHYLDWHV� IURP
64/����EHFDXVH�||�LV�ORJLFDO�25��QRW�VWULQJ�FRQFDWHQDWLRQ��8VH�WKH�concat�IXQFWLRQ�IRU
WKH�ODWWHU�LQ�ERWK�0\64/�DQG�+LYH�

+LYH�FRPHV�ZLWK�D�ODUJH�QXPEHU�RI�EXLOW�LQ�IXQFWLRQV¢WRR�PDQ\�WR�OLVW�KHUH¢GLYLGHG
LQWR�FDWHJRULHV�WKDW� LQFOXGH�PDWKHPDWLFDO�DQG�VWDWLVWLFDO� IXQFWLRQV��VWULQJ�IXQFWLRQV�
GDWH�IXQFWLRQV��IRU�RSHUDWLQJ�RQ�VWULQJ�UHSUHVHQWDWLRQV�RI�GDWHV���FRQGLWLRQDO�IXQFWLRQV�
DJJUHJDWH�IXQFWLRQV��DQG�IXQFWLRQV�IRU�ZRUNLQJ�ZLWK�;0/��XVLQJ�WKH�xpath�IXQFWLRQ�
DQG�-621�

<RX�FDQ�UHWULHYH�D�OLVW�RI�IXQFWLRQV�IURP�WKH�+LYH�VKHOO�E\�W\SLQJ�SHOW FUNCTIONS���7R
JHW�EULHI�XVDJH�LQVWUXFWLRQV�IRU�D�SDUWLFXODU�IXQFWLRQ��XVH�WKH�DESCRIBE�FRPPDQG�

hive> DESCRIBE FUNCTION length;
length(str | binary) - Returns the length of str or number of bytes in binary data

�� 2U�VHH�WKH�+LYH�IXQFWLRQ�UHIHUHQFH�DW�KWWSV���FZLNL�DSDFKH�RUJ�FRQIOXHQFH�GLVSOD\�+LYH�/DQJXDJH0DQXDO
�8')�
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,Q�WKH�FDVH�ZKHQ�WKHUH�LV�QR�EXLOW�LQ�IXQFWLRQ�WKDW�GRHV�ZKDW�\RX�ZDQW��\RX�FDQ�ZULWH
\RXU�RZQ��VHH�£8VHU�'HILQHG�)XQFWLRQV¤�RQ�SDJH�����

Conversions
3ULPLWLYH�W\SHV�IRUP�D�KLHUDUFK\�WKDW�GLFWDWHV�WKH�LPSOLFLW�W\SH�FRQYHUVLRQV�+LYH�ZLOO
SHUIRUP�LQ�IXQFWLRQ�DQG�RSHUDWRU�H[SUHVVLRQV��)RU�H[DPSOH��D�TINYINT�ZLOO�EH�FRQYHUWHG
WR�DQ�INT�LI�DQ�H[SUHVVLRQ�H[SHFWV�DQ�INT��KRZHYHU��WKH�UHYHUVH�FRQYHUVLRQ�ZLOO�QRW�RFFXU�
DQG�+LYH�ZLOO�UHWXUQ�DQ�HUURU�XQOHVV�WKH�CAST�RSHUDWRU�LV�XVHG�

7KH�LPSOLFLW�FRQYHUVLRQ�UXOHV�FDQ�EH�VXPPDUL]HG�DV�IROORZV��$Q\�LQWHJUDO�QXPHULF�W\SH
FDQ�EH�LPSOLFLWO\�FRQYHUWHG�WR�D�ZLGHU�W\SH��$OO�WKH�LQWHJUDO�QXPHULF�W\SHV��FLOAT��DQG
�SHUKDSV� VXUSULVLQJO\�� STRING� FDQ� EH� LPSOLFLWO\� FRQYHUWHG� WR� DOUBLE�� TINYINT�� SMALL
INT��DQG�INT�FDQ�DOO�EH�FRQYHUWHG�WR�FLOAT��BOOLEAN�W\SHV�FDQQRW�EH�FRQYHUWHG�WR�DQ\
RWKHU�W\SH��DQG�WKH\�FDQQRW�EH�LPSOLFLWO\�FRQYHUWHG�WR�DQ\�RWKHU�W\SH�LQ�H[SUHVVLRQV��
TIMESTAMP�FDQ�EH�LPSOLFLWO\�FRQYHUWHG�WR�STRING�

<RX�FDQ�SHUIRUP�H[SOLFLW�W\SH�FRQYHUVLRQ�XVLQJ�CAST��)RU�H[DPSOH��CAST('1' AS INT)
ZLOO� FRQYHUW� WKH� VWULQJ� '1'� WR� WKH� LQWHJHU� YDOXH� ��� ,I� WKH� FDVW� IDLOV¢DV� LW� GRHV� LQ
CAST('X' AS INT)��IRU�H[DPSOH¢WKH�H[SUHVVLRQ�UHWXUQV�NULL�

Tables
$�+LYH�WDEOH�LV�ORJLFDOO\�PDGH�XS�RI�WKH�GDWD�EHLQJ�VWRUHG�DQG�WKH�DVVRFLDWHG�PHWDGDWD
GHVFULELQJ�WKH�OD\RXW�RI�WKH�GDWD�LQ�WKH�WDEOH��7KH�GDWD�W\SLFDOO\�UHVLGHV�LQ�+')6��DO�
WKRXJK�LW�PD\�UHVLGH�LQ�DQ\�+DGRRS�ILOHV\VWHP��LQFOXGLQJ�WKH�ORFDO�ILOHV\VWHP�RU�6��
+LYH�VWRUHV�WKH�PHWDGDWD�LQ�D�UHODWLRQDO�GDWDEDVH¢DQG�QRW�LQ�+')6��VD\��VHH�£7KH
0HWDVWRUH¤�RQ�SDJH������

,Q�WKLV�VHFWLRQ��ZH�ORRN�LQ�PRUH�GHWDLO�DW�KRZ�WR�FUHDWH�WDEOHV��WKH�GLIIHUHQW�SK\VLFDO
VWRUDJH�IRUPDWV�WKDW�+LYH�RIIHUV��DQG�KRZ�WR�LPSRUW�GDWD�LQWR�WKHP�

Multiple Database/Schema Support
0DQ\�UHODWLRQDO�GDWDEDVHV�KDYH�D�IDFLOLW\�IRU�PXOWLSOH�QDPHVSDFHV��ZKLFK�DOORZ�XVHUV
DQG�DSSOLFDWLRQV�WR�EH�VHJUHJDWHG�LQWR�GLIIHUHQW�GDWDEDVHV�RU�VFKHPDV��+LYH�VXSSRUWV
WKH� VDPH� IDFLOLW\� DQG� SURYLGHV� FRPPDQGV� VXFK� DV� CREATE DATABASE dbname�
USE dbname�� DQG� DROP DATABASE dbname�� <RX� FDQ� IXOO\� TXDOLI\� D� WDEOH� E\� ZULWLQJ
dbname.tablename��,I�QR�GDWDEDVH�LV�VSHFLILHG��WDEOHV�EHORQJ�WR�WKH�default�GDWDEDVH�

Managed Tables and External Tables
:KHQ�\RX�FUHDWH�D�WDEOH�LQ�+LYH��E\�GHIDXOW�+LYH�ZLOO�PDQDJH�WKH�GDWD��ZKLFK�PHDQV
WKDW�+LYH�PRYHV�WKH�GDWD�LQWR�LWV�ZDUHKRXVH�GLUHFWRU\��$OWHUQDWLYHO\��\RX�PD\�FUHDWH
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DQ�H[WHUQDO�WDEOH��ZKLFK�WHOOV�+LYH�WR�UHIHU�WR�WKH�GDWD�WKDW�LV�DW�DQ�H[LVWLQJ�ORFDWLRQ
RXWVLGH�WKH�ZDUHKRXVH�GLUHFWRU\�

7KH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�WDEOH�W\SHV�LV�VHHQ�LQ�WKH�LOAD�DQG�DROP�VHPDQWLFV��/HW¦V
FRQVLGHU�D�PDQDJHG�WDEOH�ILUVW�

:KHQ�\RX�ORDG�GDWD�LQWR�D�PDQDJHG�WDEOH��LW�LV�PRYHG�LQWR�+LYH¦V�ZDUHKRXVH�GLUHFWRU\�
)RU�H[DPSOH�

CREATE TABLE managed_table (dummy STRING);
LOAD DATA INPATH '/user/tom/data.txt' INTO table managed_table;

ZLOO�PRYH� WKH� ILOH� KGIV���XVHU�WRP�GDWD�W[W� LQWR� +LYH¦V� ZDUHKRXVH� GLUHFWRU\� IRU� WKH
managed_table�WDEOH��ZKLFK�LV�KGIV���XVHU�KLYH�ZDUHKRXVH�PDQDJHGBWDEOH��

7KH�ORDG�RSHUDWLRQ�LV�YHU\�IDVW�EHFDXVH�LW�LV�MXVW�D�PRYH�RU�UHQDPH�ZLWKLQ
D�ILOHV\VWHP��+RZHYHU��EHDU�LQ�PLQG�WKDW�+LYH�GRHV�QRW�FKHFN�WKDW�WKH
ILOHV�LQ�WKH�WDEOH�GLUHFWRU\�FRQIRUP�WR�WKH�VFKHPD�GHFODUHG�IRU�WKH�WDEOH�
HYHQ�IRU�PDQDJHG�WDEOHV��,I�WKHUH�LV�D�PLVPDWFK��WKLV�ZLOO�EHFRPH�DSSD�
UHQW�DW�TXHU\�WLPH��RIWHQ�E\�WKH�TXHU\�UHWXUQLQJ�NULL�IRU�D�PLVVLQJ�ILHOG�
<RX�FDQ�FKHFN�WKDW�WKH�GDWD�LV�EHLQJ�SDUVHG�FRUUHFWO\�E\�LVVXLQJ�D�VLPSOH�
SELECT�VWDWHPHQW�WR�UHWULHYH�D�IHZ�URZV�GLUHFWO\�IURP�WKH�WDEOH�

,I�WKH�WDEOH�LV�ODWHU�GURSSHG��XVLQJ�

DROP TABLE managed_table;

WKH�WDEOH��LQFOXGLQJ�LWV�PHWDGDWD�DQG�LWV�GDWD��LV�GHOHWHG��,W�EHDUV�UHSHDWLQJ�WKDW�VLQFH
WKH�LQLWLDO�LOAD�SHUIRUPHG�D�PRYH�RSHUDWLRQ��DQG�WKH�DROP�SHUIRUPHG�D�GHOHWH�RSHUDWLRQ�
WKH�GDWD�QR�ORQJHU�H[LVWV�DQ\ZKHUH��7KLV�LV�ZKDW�LW�PHDQV�IRU�+LYH�WR�PDQDJH�WKH�GDWD�

$Q�H[WHUQDO�WDEOH�EHKDYHV�GLIIHUHQWO\��<RX�FRQWURO�WKH�FUHDWLRQ�DQG�GHOHWLRQ�RI�WKH�GDWD�
7KH�ORFDWLRQ�RI�WKH�H[WHUQDO�GDWD�LV�VSHFLILHG�DW�WDEOH�FUHDWLRQ�WLPH�

CREATE EXTERNAL TABLE external_table (dummy STRING)
  LOCATION '/user/tom/external_table';
LOAD DATA INPATH '/user/tom/data.txt' INTO TABLE external_table;

:LWK�WKH�EXTERNAL�NH\ZRUG��+LYH�NQRZV�WKDW�LW�LV�QRW�PDQDJLQJ�WKH�GDWD��VR�LW�GRHVQ¦W
PRYH�LW�WR�LWV�ZDUHKRXVH�GLUHFWRU\��,QGHHG��LW�GRHVQ¦W�HYHQ�FKHFN�ZKHWKHU�WKH�H[WHUQDO
ORFDWLRQ�H[LVWV�DW�WKH�WLPH�LW�LV�GHILQHG��7KLV�LV�D�XVHIXO�IHDWXUH�EHFDXVH�LW�PHDQV�\RX
FDQ�FUHDWH�WKH�GDWD�OD]LO\�DIWHU�FUHDWLQJ�WKH�WDEOH�

:KHQ�\RX�GURS�DQ�H[WHUQDO�WDEOH��+LYH�ZLOO�OHDYH�WKH�GDWD�XQWRXFKHG�DQG�RQO\�GHOHWH
WKH�PHWDGDWD�

�� 7KH�PRYH�ZLOO�VXFFHHG�RQO\�LI�WKH�VRXUFH�DQG�WDUJHW�ILOHV\VWHPV�DUH�WKH�VDPH��$OVR��WKHUH�LV�D�VSHFLDO�FDVH
ZKHQ�WKH�LOCAL�NH\ZRUG� LV�XVHG��ZKHUH�+LYH�ZLOO�FRS\� WKH�GDWD� IURP�WKH� ORFDO� ILOHV\VWHP�LQWR�+LYH¦V
ZDUHKRXVH�GLUHFWRU\��HYHQ�LI�LW��WRR��LV�RQ�WKH�VDPH�ORFDO�ILOHV\VWHP���,Q�DOO�RWKHU�FDVHV��WKRXJK��LOAD�LV�D
PRYH�RSHUDWLRQ�DQG�LV�EHVW�WKRXJKW�RI�DV�VXFK�
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6R�KRZ�GR�\RX�FKRRVH�ZKLFK�W\SH�RI�WDEOH�WR�XVH"�,Q�PRVW�FDVHV��WKHUH�LV�QRW�PXFK
GLIIHUHQFH�EHWZHHQ�WKH�WZR��H[FHSW�RI�FRXUVH�IRU�WKH�GLIIHUHQFH�LQ�DROP�VHPDQWLFV���VR
LW�LV�D�MXVW�D�PDWWHU�RI�SUHIHUHQFH��$V�D�UXOH�RI�WKXPE��LI�\RX�DUH�GRLQJ�DOO�\RXU�SURFHVVLQJ
ZLWK�+LYH��WKHQ�XVH�PDQDJHG�WDEOHV��EXW�LI�\RX�ZLVK�WR�XVH�+LYH�DQG�RWKHU�WRROV�RQ�WKH
VDPH�GDWDVHW��WKHQ�XVH�H[WHUQDO�WDEOHV��$�FRPPRQ�SDWWHUQ�LV�WR�XVH�DQ�H[WHUQDO�WDEOH�WR
DFFHVV�DQ�LQLWLDO�GDWDVHW�VWRUHG�LQ�+')6��FUHDWHG�E\�DQRWKHU�SURFHVV���WKHQ�XVH�D�+LYH
WUDQVIRUP� WR�PRYH� WKH�GDWD� LQWR� D�PDQDJHG�+LYH� WDEOH��7KLV�ZRUNV� WKH� RWKHU�ZD\
DURXQG��WRR��DQ�H[WHUQDO�WDEOH��QRW�QHFHVVDULO\�RQ�+')6��FDQ�EH�XVHG�WR�H[SRUW�GDWD
IURP�+LYH�IRU�RWKHU�DSSOLFDWLRQV�WR�XVH��

$QRWKHU�UHDVRQ�IRU�XVLQJ�H[WHUQDO�WDEOHV�LV�ZKHQ�\RX�ZLVK�WR�DVVRFLDWH�PXOWLSOH�VFKHPDV
ZLWK�WKH�VDPH�GDWDVHW�

Partitions and Buckets
+LYH�RUJDQL]HV�WDEOHV�LQWR�SDUWLWLRQV��D�ZD\�RI�GLYLGLQJ�D�WDEOH�LQWR�FRDUVH�JUDLQHG�SDUWV
EDVHG�RQ�WKH�YDOXH�RI�D�SDUWLWLRQ�FROXPQ��VXFK�DV�D�GDWH��8VLQJ�SDUWLWLRQV�FDQ�PDNH�LW
IDVWHU�WR�GR�TXHULHV�RQ�VOLFHV�RI�WKH�GDWD�

7DEOHV�RU�SDUWLWLRQV�PD\�EH�VXEGLYLGHG�IXUWKHU�LQWR�EXFNHWV�WR�JLYH�H[WUD�VWUXFWXUH�WR
WKH�GDWD�WKDW�PD\�EH�XVHG�IRU�PRUH�HIILFLHQW�TXHULHV��)RU�H[DPSOH��EXFNHWLQJ�E\�XVHU
,'�PHDQV�ZH�FDQ�TXLFNO\�HYDOXDWH�D�XVHU�EDVHG�TXHU\�E\�UXQQLQJ�LW�RQ�D�UDQGRPL]HG
VDPSOH�RI�WKH�WRWDO�VHW�RI�XVHUV�

Partitions
7R�WDNH�DQ�H[DPSOH�ZKHUH�SDUWLWLRQV�DUH�FRPPRQO\�XVHG��LPDJLQH�ORJILOHV�ZKHUH�HDFK
UHFRUG�LQFOXGHV�D�WLPHVWDPS��,I�ZH�SDUWLWLRQHG�E\�GDWH��WKHQ�UHFRUGV�IRU�WKH�VDPH�GDWH
ZRXOG�EH�VWRUHG�LQ�WKH�VDPH�SDUWLWLRQ��7KH�DGYDQWDJH�WR�WKLV�VFKHPH�LV�WKDW�TXHULHV�WKDW
DUH�UHVWULFWHG�WR�D�SDUWLFXODU�GDWH�RU�VHW�RI�GDWHV�FDQ�EH�DQVZHUHG�PXFK�PRUH�HIILFLHQWO\
EHFDXVH�WKH\�RQO\�QHHG�WR�VFDQ�WKH�ILOHV�LQ�WKH�SDUWLWLRQV�WKDW�WKH�TXHU\�SHUWDLQV�WR�
1RWLFH�WKDW�SDUWLWLRQLQJ�GRHVQ¦W�SUHFOXGH�PRUH�ZLGH�UDQJLQJ�TXHULHV��LW�LV�VWLOO�IHDVLEOH
WR�TXHU\�WKH�HQWLUH�GDWDVHW�DFURVV�PDQ\�SDUWLWLRQV�

$�WDEOH�PD\�EH�SDUWLWLRQHG�LQ�PXOWLSOH�GLPHQVLRQV��)RU�H[DPSOH��LQ�DGGLWLRQ�WR�SDUWL�
WLRQLQJ�ORJV�E\�GDWH��ZH�PLJKW�DOVR�VXESDUWLWLRQ�HDFK�GDWH�SDUWLWLRQ�E\�FRXQWU\�WR�SHUPLW
HIILFLHQW�TXHULHV�E\�ORFDWLRQ�

3DUWLWLRQV�DUH�GHILQHG�DW�WDEOH�FUHDWLRQ�WLPH�XVLQJ�WKH�PARTITIONED BY�FODXVH���ZKLFK
WDNHV�D�OLVW�RI�FROXPQ�GHILQLWLRQV��)RU�WKH�K\SRWKHWLFDO�ORJILOHV�H[DPSOH��ZH�PLJKW�GHILQH
D�WDEOH�ZLWK�UHFRUGV�FRPSULVLQJ�D�WLPHVWDPS�DQG�WKH�ORJ�OLQH�LWVHOI�

�� <RX�FDQ�DOVR�XVH�INSERT OVERWRITE DIRECTORY�WR�H[SRUW�GDWD�WR�D�+DGRRS�ILOHV\VWHP��EXW�XQOLNH�H[WHUQDO
WDEOHV��\RX�FDQQRW�FRQWURO�WKH�RXWSXW�IRUPDW��ZKLFK�LV�&RQWURO�$�VHSDUDWHG�WH[W�ILOHV��&RPSOH[�GDWD�W\SHV
DUH�VHULDOL]HG�XVLQJ�D�-621�UHSUHVHQWDWLRQ�

�� +RZHYHU�� SDUWLWLRQV�PD\� EH� DGGHG� WR� RU� UHPRYHG� IURP� D� WDEOH� DIWHU� FUHDWLRQ� XVLQJ� DQ� ALTER TABLE
VWDWHPHQW�
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CREATE TABLE logs (ts BIGINT, line STRING)
PARTITIONED BY (dt STRING, country STRING);

:KHQ�ZH�ORDG�GDWD�LQWR�D�SDUWLWLRQHG�WDEOH��WKH�SDUWLWLRQ�YDOXHV�DUH�VSHFLILHG�H[SOLFLWO\�

LOAD DATA LOCAL INPATH 'input/hive/partitions/file1'
INTO TABLE logs
PARTITION (dt='2001-01-01', country='GB');

$W�WKH�ILOHV\VWHP�OHYHO��SDUWLWLRQV�DUH�VLPSO\�QHVWHG�VXEGLUHFWRULHV�RI�WKH�WDEOH�GLUHFWRU\�
$IWHU�ORDGLQJ�D�IHZ�PRUH�ILOHV�LQWR�WKH�logs�WDEOH��WKH�GLUHFWRU\�VWUXFWXUH�PLJKW�ORRN
OLNH�WKLV�

/user/hive/warehouse/logs
Ōņņ�dt=2001-01-01/
Ň   Ōņņ�country=GB/
Ň   Ň   Ōņņ�file1
Ň   Ň   Ŋņņ�file2
Ň   Ŋņņ�country=US/
Ň       Ŋņņ�file3
Ŋņņ�dt=2001-01-02/
    Ōņņ�country=GB/
    Ň   Ŋņņ�file4
    Ŋņņ�country=US/
        Ōņņ�file5
        Ŋņņ�file6
��������

7KH�logs�WDEOH�KDV�WZR�GDWH�SDUWLWLRQV��2001-01-01�DQG�2001-01-02��FRUUHVSRQGLQJ�WR
VXEGLUHFWRULHV�FDOOHG�GW �����������DQG�GW ������������DQG�WZR�FRXQWU\�VXESDUWL�
WLRQV�� GB� DQG� US�� FRUUHVSRQGLQJ� WR� QHVWHG� VXEGLUHFWRULHV� FDOOHG� FRXQWU\ *%� DQG
FRXQWU\ 86��7KH�GDWDILOHV�UHVLGH�LQ�WKH�OHDI�GLUHFWRULHV�

:H�FDQ�DVN�+LYH�IRU�WKH�SDUWLWLRQV�LQ�D�WDEOH�XVLQJ�SHOW PARTITIONS�

hive> SHOW PARTITIONS logs;
dt=2001-01-01/country=GB
dt=2001-01-01/country=US
dt=2001-01-02/country=GB
dt=2001-01-02/country=US

2QH�WKLQJ�WR�EHDU�LQ�PLQG�LV�WKDW�WKH�FROXPQ�GHILQLWLRQV�LQ�WKH�PARTITIONED BY�FODXVH
DUH�IXOO�IOHGJHG�WDEOH�FROXPQV��FDOOHG�SDUWLWLRQ�FROXPQV��KRZHYHU��WKH�GDWDILOHV�GR�QRW
FRQWDLQ�YDOXHV�IRU�WKHVH�FROXPQV��VLQFH�WKH\�DUH�GHULYHG�IURP�WKH�GLUHFWRU\�QDPHV�

<RX�FDQ�XVH�SDUWLWLRQ�FROXPQV�LQ�SELECT�VWDWHPHQWV�LQ�WKH�XVXDO�ZD\��+LYH�SHUIRUPV
LQSXW�SUXQLQJ�WR�VFDQ�RQO\�WKH�UHOHYDQW�SDUWLWLRQV��)RU�H[DPSOH�

SELECT ts, dt, line
FROM logs
WHERE country='GB';
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ZLOO�RQO\�VFDQ�ILOH���ILOH���DQG�ILOH���1RWLFH��WRR��WKDW�WKH�TXHU\�UHWXUQV�WKH�YDOXHV�RI�WKH
dt�SDUWLWLRQ�FROXPQ��ZKLFK�+LYH�UHDGV�IURP�WKH�GLUHFWRU\�QDPHV�VLQFH�WKH\�DUH�QRW�LQ
WKH�GDWDILOHV�

Buckets
7KHUH�DUH�WZR�UHDVRQV�ZK\�\RX�PLJKW�ZDQW�WR�RUJDQL]H�\RXU�WDEOHV��RU�SDUWLWLRQV��LQWR
EXFNHWV��7KH�ILUVW�LV�WR�HQDEOH�PRUH�HIILFLHQW�TXHULHV��%XFNHWLQJ�LPSRVHV�H[WUD�VWUXFWXUH
RQ�WKH�WDEOH��ZKLFK�+LYH�FDQ�WDNH�DGYDQWDJH�RI�ZKHQ�SHUIRUPLQJ�FHUWDLQ�TXHULHV��,Q
SDUWLFXODU��D�MRLQ�RI�WZR�WDEOHV�WKDW�DUH�EXFNHWHG�RQ�WKH�VDPH�FROXPQV¢ZKLFK�LQFOXGH
WKH�MRLQ�FROXPQV¢FDQ�EH�HIILFLHQWO\�LPSOHPHQWHG�DV�D�PDS�VLGH�MRLQ�

7KH�VHFRQG�UHDVRQ�WR�EXFNHW�D�WDEOH�LV�WR�PDNH�VDPSOLQJ�PRUH�HIILFLHQW��:KHQ�ZRUNLQJ
ZLWK�ODUJH�GDWDVHWV��LW�LV�YHU\�FRQYHQLHQW�WR�WU\�RXW�TXHULHV�RQ�D�IUDFWLRQ�RI�\RXU�GDWDVHW
ZKLOH�\RX�DUH�LQ�WKH�SURFHVV�RI�GHYHORSLQJ�RU�UHILQLQJ�WKHP��:H�ZLOO�VHH�KRZ�WR�GR
HIILFLHQW�VDPSOLQJ�DW�WKLV�HQG�RI�WKLV�VHFWLRQ�

)LUVW��OHW¦V�VHH�KRZ�WR�WHOO�+LYH�WKDW�D�WDEOH�VKRXOG�EH�EXFNHWHG��:H�XVH�WKH�CLUSTERED
BY�FODXVH�WR�VSHFLI\�WKH�FROXPQV�WR�EXFNHW�RQ�DQG�WKH�QXPEHU�RI�EXFNHWV�

CREATE TABLE bucketed_users (id INT, name STRING)
CLUSTERED BY (id) INTO 4 BUCKETS;

+HUH�ZH�DUH�XVLQJ�WKH�XVHU�,'�WR�GHWHUPLQH�WKH�EXFNHW��ZKLFK�+LYH�GRHV�E\�KDVKLQJ
WKH�YDOXH�DQG�UHGXFLQJ�PRGXOR�WKH�QXPEHU�RI�EXFNHWV���VR�DQ\�SDUWLFXODU�EXFNHW�ZLOO
HIIHFWLYHO\�KDYH�D�UDQGRP�VHW�RI�XVHUV�LQ�LW�

,Q�WKH�PDS�VLGH�MRLQ�FDVH��ZKHUH�WKH�WZR�WDEOHV�DUH�EXFNHWHG�LQ�WKH�VDPH�ZD\��D�PDSSHU
SURFHVVLQJ�D�EXFNHW�RI�WKH�OHIW�WDEOH�NQRZV�WKDW�WKH�PDWFKLQJ�URZV�LQ�WKH�ULJKW�WDEOH�DUH
LQ�LWV�FRUUHVSRQGLQJ�EXFNHW��VR�LW�QHHG�RQO\�UHWULHYH�WKDW�EXFNHW��ZKLFK�LV�D�VPDOO�IUDFWLRQ
RI�DOO�WKH�GDWD�VWRUHG�LQ�WKH�ULJKW�WDEOH��WR�HIIHFW�WKH�MRLQ��7KLV�RSWLPL]DWLRQ�DOVR�ZRUNV
ZKHQ�WKH�QXPEHU�RI�EXFNHWV�LQ�WKH�WZR�WDEOHV�DUH�PXOWLSOHV�RI�HDFK�RWKHU��WKH\�GR�QRW
KDYH�WR�KDYH�H[DFWO\�WKH�VDPH�QXPEHU�RI�EXFNHWV��7KH�+LYH4/�IRU�MRLQLQJ�WZR�EXFNHWHG
WDEOHV�LV�VKRZQ�LQ�£0DS�MRLQV¤�RQ�SDJH�����

7KH�GDWD�ZLWKLQ�D�EXFNHW�PD\�DGGLWLRQDOO\�EH�VRUWHG�E\�RQH�RU�PRUH�FROXPQV��7KLV
DOORZV�HYHQ�PRUH�HIILFLHQW�PDS�VLGH�MRLQV��VLQFH�WKH�MRLQ�RI�HDFK�EXFNHW�EHFRPHV�DQ
HIILFLHQW�PHUJH�VRUW��7KH�V\QWD[�IRU�GHFODULQJ�WKDW�D�WDEOH�KDV�VRUWHG�EXFNHWV�LV�

CREATE TABLE bucketed_users (id INT, name STRING)
CLUSTERED BY (id) SORTED BY (id ASC) INTO 4 BUCKETS;

+RZ�FDQ�ZH�PDNH�VXUH�WKH�GDWD�LQ�RXU�WDEOH�LV�EXFNHWHG"�$OWKRXJK�LW¦V�SRVVLEOH�WR�ORDG
GDWD�JHQHUDWHG�RXWVLGH�+LYH�LQWR�D�EXFNHWHG�WDEOH��LW¦V�RIWHQ�HDVLHU�WR�JHW�+LYH�WR�GR�WKH
EXFNHWLQJ��XVXDOO\�IURP�DQ�H[LVWLQJ�WDEOH�
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+LYH�GRHV�QRW�FKHFN�WKDW�WKH�EXFNHWV�LQ�WKH�GDWDILOHV�RQ�GLVN�DUH�FRQ�
VLVWHQW�ZLWK�WKH�EXFNHWV�LQ�WKH�WDEOH�GHILQLWLRQ��HLWKHU�LQ�QXPEHU�RU�RQ
WKH�EDVLV�RI�EXFNHWLQJ�FROXPQV���,I�WKHUH�LV�D�PLVPDWFK��\RX�PD\�JHW�DQ
HUURU�RU�XQGHILQHG�EHKDYLRU�DW�TXHU\�WLPH��)RU�WKLV�UHDVRQ��LW�LV�DGYLVDEOH
WR�JHW�+LYH�WR�SHUIRUP�WKH�EXFNHWLQJ�

7DNH�DQ�XQEXFNHWHG�XVHUV�WDEOH�

hive> SELECT * FROM users;
0    Nat
2    Joe
3    Kay
4    Ann

7R�SRSXODWH�WKH�EXFNHWHG�WDEOH��ZH�QHHG�WR�VHW�WKH�hive.enforce.bucketing�SURSHUW\
WR�true�VR�WKDW�+LYH�NQRZV�WR�FUHDWH�WKH�QXPEHU�RI�EXFNHWV�GHFODUHG�LQ�WKH�WDEOH�GHIL�
QLWLRQ��7KHQ�LW�LV�D�PDWWHU�RI�MXVW�XVLQJ�WKH�INSERT�FRPPDQG�

INSERT OVERWRITE TABLE bucketed_users
SELECT * FROM users;

3K\VLFDOO\��HDFK�EXFNHW�LV�MXVW�D�ILOH�LQ�WKH�WDEOH��RU�SDUWLWLRQ��GLUHFWRU\��7KH�ILOHQDPH
LV�QRW�LPSRUWDQW��EXW�EXFNHW�Q�LV�WKH�QWK�ILOH�ZKHQ�DUUDQJHG�LQ�OH[LFRJUDSKLF�RUGHU��,Q
IDFW��EXFNHWV�FRUUHVSRQG�WR�0DS5HGXFH�RXWSXW�ILOH�SDUWLWLRQV��D�MRE�ZLOO�SURGXFH�DV
PDQ\�EXFNHWV��RXWSXW�ILOHV��DV�UHGXFH�WDVNV��:H�FDQ�VHH�WKLV�E\�ORRNLQJ�DW�WKH�OD\RXW
RI�WKH�bucketed_users�WDEOH�ZH�MXVW�FUHDWHG��5XQQLQJ�WKLV�FRPPDQG�

hive> dfs -ls /user/hive/warehouse/bucketed_users;

VKRZV�WKDW�IRXU�ILOHV�ZHUH�FUHDWHG��ZLWK�WKH�IROORZLQJ�QDPHV��WKH�QDPH�LV�JHQHUDWHG�E\
+LYH��

000000_0
000001_0
000002_0
000003_0

7KH�ILUVW�EXFNHW�FRQWDLQV�WKH�XVHUV�ZLWK�,'V���DQG����VLQFH�IRU�DQ�INT�WKH�KDVK�LV�WKH
LQWHJHU�LWVHOI��DQG�WKH�YDOXH�LV�UHGXFHG�PRGXOR�WKH�QXPEHU�RI�EXFNHWV¢��LQ�WKLV�FDVH��

hive> dfs -cat /user/hive/warehouse/bucketed_users/000000_0;
0Nat
4Ann

:H�FDQ�VHH�WKH�VDPH�WKLQJ�E\�VDPSOLQJ�WKH�WDEOH�XVLQJ�WKH�TABLESAMPLE�FODXVH��ZKLFK
UHVWULFWV�WKH�TXHU\�WR�D�IUDFWLRQ�RI�WKH�EXFNHWV�LQ�WKH�WDEOH�UDWKHU�WKDQ�WKH�ZKROH�WDEOH�

hive> SELECT * FROM bucketed_users
    > TABLESAMPLE(BUCKET 1 OUT OF 4 ON id);
0    Nat
4    Ann

�� 7KH�ILHOGV�DSSHDU�WR�UXQ�WRJHWKHU�ZKHQ�GLVSOD\LQJ�WKH�UDZ�ILOH�EHFDXVH�WKH�VHSDUDWRU�FKDUDFWHU� LQ�WKH
RXWSXW�LV�D�QRQSULQWLQJ�FRQWURO�FKDUDFWHU��7KH�FRQWURO�FKDUDFWHUV�XVHG�DUH�H[SODLQHG�LQ�WKH�QH[W�VHFWLRQ�
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%XFNHW�QXPEHULQJ�LV���EDVHG��VR�WKLV�TXHU\�UHWULHYHV�DOO�WKH�XVHUV�IURP�WKH�ILUVW�RI�IRXU
EXFNHWV��)RU�D�ODUJH��HYHQO\�GLVWULEXWHG�GDWDVHW��DSSUR[LPDWHO\�RQH�TXDUWHU�RI�WKH�WDEOH¦V
URZV�ZRXOG�EH�UHWXUQHG��,W¦V�SRVVLEOH�WR�VDPSOH�D�QXPEHU�RI�EXFNHWV�E\�VSHFLI\LQJ�D
GLIIHUHQW�SURSRUWLRQ��ZKLFK�QHHG�QRW�EH�DQ�H[DFW�PXOWLSOH�RI�WKH�QXPEHU�RI�EXFNHWV�
DV�VDPSOLQJ�LV�QRW�LQWHQGHG�WR�EH�D�SUHFLVH�RSHUDWLRQ���)RU�H[DPSOH��WKLV�TXHU\�UHWXUQV
KDOI�RI�WKH�EXFNHWV�

hive> SELECT * FROM bucketed_users
    > TABLESAMPLE(BUCKET 1 OUT OF 2 ON id);
0    Nat
4    Ann
2    Joe

6DPSOLQJ�D�EXFNHWHG�WDEOH�LV�YHU\�HIILFLHQW�EHFDXVH�WKH�TXHU\�RQO\�KDV�WR�UHDG�WKH�EXFN�
HWV�WKDW�PDWFK�WKH�TABLESAMPLE�FODXVH��&RQWUDVW�WKLV�ZLWK�VDPSOLQJ�D�QRQEXFNHWHG�WDEOH
XVLQJ�WKH�rand()�IXQFWLRQ��ZKHUH�WKH�ZKROH�LQSXW�GDWDVHW�LV�VFDQQHG��HYHQ�LI�RQO\�D�YHU\
VPDOO�VDPSOH�LV�QHHGHG�

hive> SELECT * FROM users
    > TABLESAMPLE(BUCKET 1 OUT OF 4 ON rand());
2    Joe

Storage Formats
7KHUH�DUH�WZR�GLPHQVLRQV�WKDW�JRYHUQ�WDEOH�VWRUDJH�LQ�+LYH��WKH�URZ�IRUPDW�DQG�WKH
ILOH�IRUPDW��7KH�URZ�IRUPDW�GLFWDWHV�KRZ�URZV��DQG�WKH�ILHOGV�LQ�D�SDUWLFXODU�URZ��DUH
VWRUHG��,Q�+LYH�SDUODQFH��WKH�URZ�IRUPDW�LV�GHILQHG�E\�D�6HU'H��D�SRUWPDQWHDX�ZRUG
IRU�D�6HULDOL]HU�'HVHULDOL]HU�

:KHQ�DFWLQJ�DV�D�GHVHULDOL]HU��ZKLFK�LV�WKH�FDVH�ZKHQ�TXHU\LQJ�D�WDEOH��D�6HU'H�ZLOO
GHVHULDOL]H�D�URZ�RI�GDWD�IURP�WKH�E\WHV�LQ�WKH�ILOH�WR�REMHFWV�XVHG�LQWHUQDOO\�E\�+LYH�WR
RSHUDWH�RQ�WKDW�URZ�RI�GDWD��:KHQ�XVHG�DV�D�VHULDOL]HU��ZKLFK�LV�WKH�FDVH�ZKHQ�SHU�
IRUPLQJ�DQ�INSERT�RU�&7$6��VHH�£,PSRUWLQJ�'DWD¤�RQ�SDJH�������WKH�WDEOH¦V�6HU'H�ZLOO
VHULDOL]H�+LYH¦V�LQWHUQDO�UHSUHVHQWDWLRQ�RI�D�URZ�RI�GDWD�LQWR�WKH�E\WHV�WKDW�DUH�ZULWWHQ
WR�WKH�RXWSXW�ILOH�

7KH�ILOH�IRUPDW�GLFWDWHV�WKH�FRQWDLQHU�IRUPDW�IRU�ILHOGV�LQ�D�URZ��7KH�VLPSOHVW�IRUPDW�LV
D�SODLQ�WH[W�ILOH��EXW�WKHUH�DUH�URZ�RULHQWHG�DQG�FROXPQ�RULHQWHG�ELQDU\�IRUPDWV�DYDLO�
DEOH��WRR�

The default storage format: Delimited text
:KHQ�\RX�FUHDWH�D�WDEOH�ZLWK�QR�ROW FORMAT�RU�STORED AS�FODXVHV��WKH�GHIDXOW�IRUPDW�LV
GHOLPLWHG�WH[W�ZLWK�RQH�URZ�SHU�OLQH�

7KH�GHIDXOW�URZ�GHOLPLWHU�LV�QRW�D�WDE�FKDUDFWHU��EXW�WKH�&RQWURO�$�FKDUDFWHU�IURP�WKH
VHW�RI�$6&,,�FRQWURO�FRGHV��LW�KDV�$6&,,�FRGH�����7KH�FKRLFH�RI�&RQWURO�$��VRPHWLPHV
ZULWWHQ�DV�A$�LQ�GRFXPHQWDWLRQ��FDPH�DERXW�EHFDXVH�LW�LV�OHVV�OLNHO\�WR�EH�D�SDUW�RI�WKH
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ILHOG�WH[W�WKDQ�D�WDE�FKDUDFWHU��7KHUH�LV�QR�PHDQV�IRU�HVFDSLQJ�GHOLPLWHU�FKDUDFWHUV�LQ
+LYH��VR�LW�LV�LPSRUWDQW�WR�FKRRVH�RQHV�WKDW�GRQ¦W�RFFXU�LQ�GDWD�ILHOGV�

7KH�GHIDXOW�FROOHFWLRQ�LWHP�GHOLPLWHU�LV�D�&RQWURO�%�FKDUDFWHU��XVHG�WR�GHOLPLW�LWHPV�LQ
DQ�ARRAY�RU�STRUCT��RU�LQ�NH\�YDOXH�SDLUV�LQ�D�MAP��7KH�GHIDXOW�PDS�NH\�GHOLPLWHU�LV�D
&RQWURO�&�FKDUDFWHU��XVHG�WR�GHOLPLW�WKH�NH\�DQG�YDOXH�LQ�D�MAP��5RZV�LQ�D�WDEOH�DUH
GHOLPLWHG�E\�D�QHZOLQH�FKDUDFWHU�

7KH�SUHFHGLQJ�GHVFULSWLRQ�RI�GHOLPLWHUV�LV�FRUUHFW�IRU�WKH�XVXDO�FDVH�RI
IODW�GDWD� VWUXFWXUHV��ZKHUH� WKH� FRPSOH[� W\SHV� FRQWDLQ�RQO\�SULPLWLYH
W\SHV��)RU�QHVWHG�W\SHV��KRZHYHU��WKLV�LVQ¦W�WKH�ZKROH�VWRU\��DQG�LQ�IDFW
WKH�OHYHO�RI�WKH�QHVWLQJ�GHWHUPLQHV�WKH�GHOLPLWHU�

)RU�DQ�DUUD\�RI�DUUD\V��IRU�H[DPSOH��WKH�GHOLPLWHUV�IRU�WKH�RXWHU�DUUD\�DUH
&RQWURO�%� FKDUDFWHUV�� DV� H[SHFWHG�� EXW� IRU� WKH� LQQHU� DUUD\� WKH\� DUH
&RQWURO�&�FKDUDFWHUV��WKH�QH[W�GHOLPLWHU�LQ�WKH�OLVW��,I�\RX�DUH�XQVXUH
ZKLFK�GHOLPLWHUV�+LYH�XVHV�IRU�D�SDUWLFXODU�QHVWHG�VWUXFWXUH��\RX�FDQ�UXQ
D�FRPPDQG�OLNH�

CREATE TABLE nested
AS
SELECT array(array(1, 2), array(3, 4))
FROM dummy;

DQG�WKHQ�XVH�hexdump�RU�VRPHWKLQJ�VLPLODU�WR�H[DPLQH�WKH�GHOLPLWHUV�LQ
WKH�RXWSXW�ILOH�

+LYH�DFWXDOO\�VXSSRUWV�HLJKW�OHYHOV�RI�GHOLPLWHUV��FRUUHVSRQGLQJ�WR�$6&,,
FRGHV��������������EXW�\RX�FDQ�RYHUULGH�RQO\�WKH�ILUVW�WKUHH�

7KXV��WKH�VWDWHPHQW�

CREATE TABLE ...;

LV�LGHQWLFDO�WR�WKH�PRUH�H[SOLFLW�

CREATE TABLE ...
ROW FORMAT DELIMITED
  FIELDS TERMINATED BY '\001'
  COLLECTION ITEMS TERMINATED BY '\002'
  MAP KEYS TERMINATED BY '\003'
  LINES TERMINATED BY '\n'
STORED AS TEXTFILE;

1RWLFH�WKDW�WKH�RFWDO�IRUP�RI�WKH�GHOLPLWHU�FKDUDFWHUV�FDQ�EH�XVHG¢����IRU�&RQWURO�$�
IRU�LQVWDQFH�

,QWHUQDOO\��+LYH�XVHV�D�6HU'H�FDOOHG�LazySimpleSerDe�IRU�WKLV�GHOLPLWHG�IRUPDW��DORQJ
ZLWK� WKH� OLQH�RULHQWHG�0DS5HGXFH� WH[W� LQSXW�DQG�RXWSXW� IRUPDWV�ZH� VDZ� LQ�&KDS�
WHU����7KH�£OD]\¤�SUHIL[�FRPHV�DERXW�EHFDXVH�LW�GHVHULDOL]HV�ILHOGV�OD]LO\¢RQO\�DV�WKH\
DUH�DFFHVVHG��+RZHYHU��LW�LV�QRW�D�FRPSDFW�IRUPDW�EHFDXVH�ILHOGV�DUH�VWRUHG�LQ�D�YHUERVH
WH[WXDO�IRUPDW��VR�D�%RROHDQ�YDOXH��IRU�LQVWDQFH��LV�ZULWWHQ�DV�WKH�OLWHUDO�VWULQJ�true�RU
false�
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7KH�VLPSOLFLW\�RI�WKH�IRUPDW�KDV�D�ORW�JRLQJ�IRU�LW��VXFK�DV�PDNLQJ�LW�HDV\�WR�SURFHVV
ZLWK�RWKHU� WRROV�� LQFOXGLQJ�0DS5HGXFH�SURJUDPV�RU�6WUHDPLQJ��EXW� WKHUH�DUH�PRUH
FRPSDFW�DQG�SHUIRUPDQW�ELQDU\�6HU'HV�WKDW�\RX�PLJKW�FRQVLGHU�XVLQJ��6RPH�DUH�OLVWHG
LQ�7DEOH������

%LQDU\�6HU'HV�VKRXOG�QRW�EH�XVHG�ZLWK�WKH�GHIDXOW�TEXTFILE�IRUPDW��QRU
H[SOLFLWO\�XVLQJ�D�STORED AS TEXTFILE�FODXVH���7KHUH�LV�DOZD\V�WKH�SRV�
VLELOLW\�WKDW�D�ELQDU\�URZ�ZLOO�FRQWDLQ�D�QHZOLQH�FKDUDFWHU��ZKLFK�ZRXOG
FDXVH�+LYH�WR�WUXQFDWH�WKH�URZ�DQG�IDLO�DW�GHVHULDOL]DWLRQ�WLPH�

7DEOH�������+LYH�6HU'HV

SerDe name Java package Description

LazySimpleSerDe org.apache.hadoop.hive.
serde2.lazy

The default SerDe. Delimited textual format,
with lazy field access.

LazyBinarySerDe org.apache.hadoop.hive.
serde2.lazybinary

A more efficient version of LazySimple
SerDe. Binary format with lazy field access.
Used internally for such things as temporary
tables.

BinarySortableSerDe org.apache.hadoop.hive.
serde2.binarysortable

A binary SerDe like LazyBinarySerDe, but
optimized for sorting at the expense of com-
pactness (although it is still significantly more
compact than LazySimpleSerDe).

ColumnarSerDe org.apache.hadoop.hive.
serde2.columnar

A variant of LazySimpleSerDe for column-
based storage with RCFile.

RegexSerDe org.apache.hadoop.hive.
contrib.serde2

A SerDe for reading textual data where columns
are specified by a regular expression. Also
writes data using a formatting expression.
Useful for reading logfiles, but inefficient, so
not suitable for general-purpose storage.

ThriftByteStreamTypedSerDe org.apache.hadoop.hive.
serde2.thrift

A SerDe for reading Thrift-encoded binary data.

HBaseSerDe org.apache.hadoop.hive.
hbase

A SerDe for storing data in an HBase table.
HBase storage uses a Hive storage handler,
which unifies (and generalizes) the roles of row
format and file format. Storage handlers are
specified using a STORED BY clause, which
replaces the ROW FORMAT and STORED AS
clauses. See https://cwiki.apache.org/conflu
ence/display/Hive/HBaseIntegration.
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Binary storage formats: Sequence files, Avro datafiles and RCFiles
+DGRRS¦V�VHTXHQFH�ILOH�IRUPDW��VHH�£6HTXHQFH)LOH¤�RQ�SDJH������LV�D�JHQHUDO�SXUSRVH
ELQDU\�IRUPDW�IRU�VHTXHQFHV�RI�UHFRUGV��NH\�YDOXH�SDLUV���<RX�FDQ�XVH�VHTXHQFH�ILOHV�LQ
+LYH�E\�XVLQJ�WKH�GHFODUDWLRQ�STORED AS SEQUENCEFILE�LQ�WKH�CREATE TABLE�VWDWHPHQW�

2QH�RI�WKH�PDLQ�EHQHILWV�RI�XVLQJ�VHTXHQFH�ILOHV�LV�WKHLU�VXSSRUW�IRU�VSOLWWDEOH�FRP�
SUHVVLRQ��,I�\RX�KDYH�D�FROOHFWLRQ�RI�VHTXHQFH�ILOHV�WKDW�ZHUH�FUHDWHG�RXWVLGH�+LYH��WKHQ
+LYH�ZLOO�UHDG�WKHP�ZLWK�QR�H[WUD�FRQILJXUDWLRQ��,I��RQ�WKH�RWKHU�KDQG��\RX�ZDQW�WDEOHV
SRSXODWHG�IURP�+LYH�WR�XVH�FRPSUHVVHG�VHTXHQFH�ILOHV�IRU�WKHLU�VWRUDJH��\RX�QHHG�WR
VHW� D� IHZ� SURSHUWLHV� WR� HQDEOH� FRPSUHVVLRQ� �VHH� £8VLQJ� &RPSUHVVLRQ� LQ� 0DS5H�
GXFH¤�RQ�SDJH�����

hive> CREATE TABLE compressed_users (id INT, name STRING)
    > STORED AS SEQUENCEFILE;
hive> SET hive.exec.compress.output=true;
hive> SET mapred.output.compress=true;
hive> SET mapred.output.compression.codec=org.apache.hadoop.io.compress.GzipCodec;
hive> INSERT OVERWRITE TABLE compressed_users
    > SELECT * FROM users;

6HTXHQFH�ILOHV�DUH�URZ�RULHQWHG��7KLV�PHDQV�WKDW�WKH�ILHOGV�LQ�HDFK�URZ�DUH�VWRUHG�WR�
JHWKHU�DV�WKH�FRQWHQWV�RI�D�VLQJOH�VHTXHQFH�ILOH�UHFRUG�

$YUR�GDWDILOHV�DUH�OLNH�VHTXHQFH�ILOHV��VSOLWWDEOH��FRPSUHVVLEOH��URZ�RULHQWHG���H[FHSW
WKH\� KDYH� VXSSRUW� IRU� VFKHPD� HYROXWLRQ� DQG� ELQGLQJV� LQ� PXOWLSOH� ODQJXDJHV� �VHH
£$YUR¤�RQ�SDJH�������+LYH�FDQ�UHDG�DQG�ZULWH�$YUR�GDWDILOHV�XVLQJ�WKH�+DLYYUHR�6HU'H�
DYDLODEOH�IURP�KWWSV���JLWKXE�FRP�MJKRPDQ�KDLYYUHR�

+LYH�SURYLGHV�DQRWKHU�ELQDU\�VWRUDJH�IRUPDW�FDOOHG�5&)LOH��VKRUW�IRU�5HFRUG�&ROXPQDU
)LOH��5&)LOHV�DUH� VLPLODU� WR�VHTXHQFH� ILOHV��H[FHSW� WKDW� WKH\�VWRUH�GDWD� LQ�D�FROXPQ�
RULHQWHG�IDVKLRQ��5&)LOH�EUHDNV�XS�WKH�WDEOH�LQWR�URZ�VSOLWV��WKHQ�ZLWKLQ�HDFK�VSOLW�VWRUHV
WKH�YDOXHV�IRU�HDFK�URZ�LQ�WKH�ILUVW�FROXPQ��IROORZHG�E\�WKH�YDOXHV�IRU�HDFK�URZ�LQ�WKH
VHFRQG�FROXPQ��DQG�VR�RQ��7KLV�LV�VKRZQ�GLDJUDPPDWLFDOO\�LQ�)LJXUH������

$�FROXPQ�RULHQWHG�OD\RXW�SHUPLWV�FROXPQV�WKDW�DUH�QRW�DFFHVVHG�LQ�D�TXHU\�WR�EH�VNLS�
SHG��&RQVLGHU�D�TXHU\�RI�WKH�WDEOH�LQ�)LJXUH������WKDW�SURFHVVHV�RQO\�FROXPQ����:LWK
URZ�RULHQWHG� VWRUDJH�� OLNH�D� VHTXHQFH� ILOH�� WKH�ZKROH� URZ� �VWRUHG� LQ�D� VHTXHQFH� ILOH
UHFRUG��LV�ORDGHG�LQWR�PHPRU\��HYHQ�WKRXJK�RQO\�WKH�VHFRQG�FROXPQ�LV�DFWXDOO\�UHDG�
/D]\�GHVHULDOL]DWLRQ� VDYHV� VRPH�SURFHVVLQJ� F\FOHV� E\�GHVHULDOL]LQJ� RQO\� WKH� FROXPQ
ILHOGV�WKDW�DUH�DFFHVVHG��EXW�LW�FDQ¦W�DYRLG�WKH�FRVW�RI�UHDGLQJ�HDFK�URZ¦V�E\WHV�IURP�GLVN�

:LWK�FROXPQ�RULHQWHG�VWRUDJH��RQO\�WKH�FROXPQ���SDUWV�RI�WKH�ILOH��VKDGHG�LQ�WKH�ILJXUH�
QHHG�WR�EH�UHDG�LQWR�PHPRU\�
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)LJXUH�������5RZ�RULHQWHG�YHUVXV�FROXPQ�RULHQWHG�VWRUDJH

,Q�JHQHUDO��FROXPQ�RULHQWHG�IRUPDWV�ZRUN�ZHOO�ZKHQ�TXHULHV�DFFHVV�RQO\�D�VPDOO�QXP�
EHU�RI�FROXPQV�LQ�WKH�WDEOH��&RQYHUVHO\��URZ�RULHQWHG�IRUPDWV�DUH�DSSURSULDWH�ZKHQ�D
ODUJH�QXPEHU�RI�FROXPQV�RI�D�VLQJOH�URZ�DUH�QHHGHG�IRU�SURFHVVLQJ�DW�WKH�VDPH�WLPH�
6SDFH�SHUPLWWLQJ��LW�LV�UHODWLYHO\�VWUDLJKWIRUZDUG�WR�PHDVXUH�WKH�SHUIRUPDQFH�GLIIHUHQFH
EHWZHHQ�WKH�WZR�IRUPDWV�IRU�\RXU�SDUWLFXODU�ZRUNORDG�E\�FUHDWLQJ�D�FRS\�RI�D�WDEOH�ZLWK
D� GLIIHUHQW� VWRUDJH� IRUPDW� IRU� FRPSDULVRQ�� XVLQJ� £&5($7(� 7$%/(���$6� 6(�
/(&7¤�RQ�SDJH�����

8VH�WKH�IROORZLQJ�CREATE TABLE�FODXVHV�WR�HQDEOH�FROXPQ�RULHQWHG�VWRUDJH�LQ�+LYH�

CREATE TABLE ...
ROW FORMAT SERDE 'org.apache.hadoop.hive.serde2.columnar.ColumnarSerDe'
STORED AS RCFILE;

Tables | 439



An example: RegexSerDe
/HW¦V�VHH�KRZ�WR�XVH�DQRWKHU�6HU'H�IRU�VWRUDJH��:H¦OO�XVH�D�FRQWULE�6HU'H�WKDW�XVHV�D
UHJXODU�H[SUHVVLRQ�IRU�UHDGLQJ�WKH�IL[HG�ZLGWK�VWDWLRQ�PHWDGDWD�IURP�D�WH[W�ILOH�

CREATE TABLE stations (usaf STRING, wban STRING, name STRING)
ROW FORMAT SERDE 'org.apache.hadoop.hive.contrib.serde2.RegexSerDe'
WITH SERDEPROPERTIES (
  "input.regex" = "(\\d{6}) (\\d{5}) (.{29}) .*"
);

,Q�SUHYLRXV�H[DPSOHV��ZH�KDYH�XVHG�WKH�DELIMITED�NH\ZRUG�WR�UHIHU�WR�GHOLPLWHG�WH[W
LQ�WKH�ROW FORMAT�FODXVH��,Q�WKLV�H[DPSOH��ZH�LQVWHDG�VSHFLI\�D�6HU'H�ZLWK�WKH�SERDE
NH\ZRUG�DQG�WKH�IXOO\�TXDOLILHG�FODVVQDPH�RI�WKH�-DYD�FODVV�WKDW�LPSOHPHQWV�WKH�6HU'H�
org.apache.hadoop.hive.contrib.serde2.RegexSerDe�

6HU'HV�FDQ�EH�FRQILJXUHG�ZLWK�H[WUD�SURSHUWLHV�XVLQJ�WKH�WITH SERDEPROPERTIES�FODXVH�
+HUH�ZH�VHW�WKH�input.regex�SURSHUW\��ZKLFK�LV�VSHFLILF�WR�RegexSerDe�

input.regex�LV�WKH�UHJXODU�H[SUHVVLRQ�SDWWHUQ�WR�EH�XVHG�GXULQJ�GHVHULDOL]DWLRQ�WR�WXUQ
WKH�OLQH�RI�WH[W�IRUPLQJ�WKH�URZ�LQWR�D�VHW�RI�FROXPQV��-DYD�UHJXODU�H[SUHVVLRQ�V\QWD[
LV�XVHG� IRU� WKH�PDWFKLQJ��VHH�KWWS���MDYD�VXQ�FRP�MDYDVH���GRFV�DSL�MDYD�XWLO�UHJH[�3DW
WHUQ�KWPO���DQG�FROXPQV�DUH�IRUPHG�IURP�FDSWXULQJ�JURXSV�RI�SDUHQWKHVHV����,Q�WKLV
H[DPSOH��WKHUH�DUH�WKUHH�FDSWXULQJ�JURXSV�IRU�usaf��D�VL[�GLJLW�LGHQWLILHU���wban��D�ILYH�
GLJLW�LGHQWLILHU���DQG�name��D�IL[HG�ZLGWK�FROXPQ�RI����FKDUDFWHUV��

7R�SRSXODWH�WKH�WDEOH��ZH�XVH�D�LOAD DATA�VWDWHPHQW�DV�EHIRUH�

LOAD DATA LOCAL INPATH "input/ncdc/metadata/stations-fixed-width.txt"
INTO TABLE stations;

5HFDOO�WKDW�LOAD DATA�FRSLHV�RU�PRYHV�WKH�ILOHV�WR�+LYH¦V�ZDUHKRXVH�GLUHFWRU\��LQ�WKLV
FDVH��LW¦V�D�FRS\�EHFDXVH�WKH�VRXUFH�LV�WKH�ORFDO�ILOHV\VWHP���7KH�WDEOH¦V�6HU'H�LV�QRW�XVHG
IRU�WKH�ORDG�RSHUDWLRQ�

:KHQ�ZH�UHWULHYH�GDWD�IURP�WKH�WDEOH��WKH�6HU'H�LV�LQYRNHG�IRU�GHVHULDOL]DWLRQ��DV�ZH
FDQ�VHH�IURP�WKLV�VLPSOH�TXHU\��ZKLFK�FRUUHFWO\�SDUVHV�WKH�ILHOGV�IRU�HDFK�URZ�

hive> SELECT * FROM stations LIMIT 4;
010000    99999    BOGUS NORWAY                 
010003    99999    BOGUS NORWAY                 
010010    99999    JAN MAYEN                    
010013    99999    ROST

��� 6RPHWLPHV�\RX�QHHG�WR�XVH�SDUHQWKHVHV�IRU�UHJXODU�H[SUHVVLRQ�FRQVWUXFWV�WKDW�\RX�GRQ¦W�ZDQW�WR�FRXQW
DV�D�FDSWXULQJ�JURXS¢IRU�H[DPSOH��WKH�SDWWHUQ�(ab)+�IRU�PDWFKLQJ�D�VWULQJ�RI�RQH�RU�PRUH�ab�FKDUDFWHUV�
7KH�VROXWLRQ�LV�WR�XVH�D�QRQFDSWXULQJ�JURXS��ZKLFK�KDV�D�?�FKDUDFWHU�DIWHU�WKH�ILUVW�SDUHQWKHVLV��7KHUH�DUH
YDULRXV�QRQFDSWXULQJ�JURXS�FRQVWUXFWV��VHH�WKH�-DYD�GRFXPHQWDWLRQ���EXW�LQ�WKLV�H[DPSOH�ZH�FRXOG�XVH
(?:ab)+�WR�DYRLG�FDSWXULQJ�WKH�JURXS�DV�D�+LYH�FROXPQ�
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Importing Data
:H¦YH�DOUHDG\�VHHQ�KRZ�WR�XVH�WKH�LOAD DATA�RSHUDWLRQ�WR�LPSRUW�GDWD�LQWR�D�+LYH�WDEOH
�RU�SDUWLWLRQ��E\�FRS\LQJ�RU�PRYLQJ�ILOHV�WR�WKH�WDEOH¦V�GLUHFWRU\��<RX�FDQ�DOVR�SRSXODWH
D�WDEOH�ZLWK�GDWD�IURP�DQRWKHU�+LYH�WDEOH�XVLQJ�DQ�INSERT�VWDWHPHQW��RU�DW�FUHDWLRQ�WLPH
XVLQJ�WKH�&7$6�FRQVWUXFW��ZKLFK�LV�DQ�DEEUHYLDWLRQ�XVHG�WR�UHIHU�WR�CREATE TABLE...AS
SELECT�

,I�\RX�ZDQW�WR�LPSRUW�GDWD�IURP�D�UHODWLRQDO�GDWDEDVH�GLUHFWO\�LQWR�+LYH��KDYH�D�ORRN�DW
6TRRS��ZKLFK�LV�FRYHUHG�LQ�£,PSRUWHG�'DWD�DQG�+LYH¤�RQ�SDJH�����

Inserts
+HUH¦V�DQ�H[DPSOH�RI�DQ�INSERT�VWDWHPHQW�

INSERT OVERWRITE TABLE target
SELECT col1, col2
  FROM source;

)RU� SDUWLWLRQHG� WDEOHV�� \RX� FDQ� VSHFLI\� WKH� SDUWLWLRQ� WR� LQVHUW� LQWR� E\� VXSSO\LQJ� D�
PARTITION�FODXVH�

INSERT OVERWRITE TABLE target
PARTITION (dt='2001-01-01')
SELECT col1, col2
  FROM source;

7KH�OVERWRITE�NH\ZRUG�PHDQV�WKDW�WKH�FRQWHQWV�RI�WKH�target�WDEOH��IRU�WKH�ILUVW�H[�
DPSOH��RU�WKH�2001-01-01�SDUWLWLRQ��IRU�WKH�VHFRQG�H[DPSOH��DUH�UHSODFHG�E\�WKH�UHVXOWV
RI�WKH�SELECT�VWDWHPHQW��,I�\RX�ZDQW�WR�DGG�UHFRUGV�WR�DQ�DOUHDG\�SRSXODWHG�QRQSDUWL�
WLRQHG�WDEOH�RU�SDUWLWLRQ��XVH�INSERT INTO TABLE�

<RX�FDQ�VSHFLI\�WKH�SDUWLWLRQ�G\QDPLFDOO\�E\�GHWHUPLQLQJ�WKH�SDUWLWLRQ�YDOXH�IURP�WKH�
SELECT�VWDWHPHQW�

INSERT OVERWRITE TABLE target
PARTITION (dt)
SELECT col1, col2, dt
  FROM source;

7KLV�LV�NQRZQ�DV�D�G\QDPLF�SDUWLWLRQ�LQVHUW��7KLV�IHDWXUH�LV�RII�E\�GHIDXOW��VR�\RX�QHHG
WR�HQDEOH�LW�E\�VHWWLQJ�hive.exec.dynamic.partition�WR�true�ILUVW�

8QOLNH�RWKHU�GDWDEDVHV��+LYH�GRHV�QRW��FXUUHQWO\��VXSSRUW�D�IRUP�RI�WKH
INSERT� VWDWHPHQW� IRU� LQVHUWLQJ� D� FROOHFWLRQ� RI� UHFRUGV� VSHFLILHG� LQ
WKH� TXHU\� LQ� OLWHUDO� IRUP�� 7KDW� LV�� VWDWHPHQWV� RI� WKH� IRUP
INSERT INTO...VALUES...�DUH�QRW�DOORZHG�
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Multitable insert
,Q�+LYH4/��\RX�FDQ�WXUQ�WKH�INSERT�VWDWHPHQW�DURXQG�DQG�VWDUW�ZLWK�WKH�FROM�FODXVH
IRU�WKH�VDPH�HIIHFW�

FROM source
INSERT OVERWRITE TABLE target
  SELECT col1, col2;

7KH�UHDVRQ�IRU�WKLV�V\QWD[�EHFRPHV�FOHDU�ZKHQ�\RX�VHH�WKDW�LW¦V�SRVVLEOH�WR�KDYH�PXOWLSOH
INSERT�FODXVHV�LQ�WKH�VDPH�TXHU\��7KLV�VR�FDOOHG�PXOWLWDEOH�LQVHUW�LV�PRUH�HIILFLHQW�WKDQ
PXOWLSOH�INSERT�VWDWHPHQWV�EHFDXVH�WKH�VRXUFH�WDEOH�QHHGV�WR�EH�VFDQQHG�RQO\�RQFH�WR
SURGXFH�WKH�PXOWLSOH��GLVMRLQW�RXWSXWV�

+HUH¦V�DQ�H[DPSOH�WKDW�FRPSXWHV�YDULRXV�VWDWLVWLFV�RYHU�WKH�ZHDWKHU�GDWDVHW�

FROM records2
INSERT OVERWRITE TABLE stations_by_year
  SELECT year, COUNT(DISTINCT station)
  GROUP BY year 
INSERT OVERWRITE TABLE records_by_year
  SELECT year, COUNT(1)
  GROUP BY year
INSERT OVERWRITE TABLE good_records_by_year
  SELECT year, COUNT(1)
  WHERE temperature != 9999
    AND (quality = 0 OR quality = 1 OR quality = 4 OR quality = 5 OR quality = 9)
  GROUP BY year;

7KHUH�LV�D�VLQJOH�VRXUFH�WDEOH��records2���EXW�WKUHH�WDEOHV�WR�KROG�WKH�UHVXOWV�IURP�WKUHH
GLIIHUHQW�TXHULHV�RYHU�WKH�VRXUFH�

CREATE TABLE...AS SELECT
,W¦V�RIWHQ�YHU\�FRQYHQLHQW�WR�VWRUH�WKH�RXWSXW�RI�D�+LYH�TXHU\�LQ�D�QHZ�WDEOH��SHUKDSV
EHFDXVH�LW�LV�WRR�ODUJH�WR�EH�GXPSHG�WR�WKH�FRQVROH�RU�EHFDXVH�WKHUH�DUH�IXUWKHU�SUR�
FHVVLQJ�VWHSV�WR�FDUU\�RXW�RQ�WKH�UHVXOW�

7KH�QHZ�WDEOH¦V�FROXPQ�GHILQLWLRQV�DUH�GHULYHG� IURP�WKH�FROXPQV�UHWULHYHG�E\� WKH�
SELECT�FODXVH��,Q�WKH�IROORZLQJ�TXHU\��WKH�target�WDEOH�KDV�WZR�FROXPQV�QDPHG�col1
DQG�col2�ZKRVH�W\SHV�DUH�WKH�VDPH�DV�WKH�RQHV�LQ�WKH�source�WDEOH�

CREATE TABLE target
AS
SELECT col1, col2
FROM source;

$�&7$6�RSHUDWLRQ�LV�DWRPLF��VR�LI�WKH�SELECT�TXHU\�IDLOV�IRU�VRPH�UHDVRQ��WKH�WDEOH�LV
QRW�FUHDWHG�
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Altering Tables
%HFDXVH�+LYH�XVHV�WKH�VFKHPD�RQ�UHDG�DSSURDFK��LW¦V�IOH[LEOH�LQ�SHUPLWWLQJ�D�WDEOH¦V
GHILQLWLRQ�WR�FKDQJH�DIWHU�WKH�WDEOH�KDV�EHHQ�FUHDWHG��7KH�JHQHUDO�FDYHDW��KRZHYHU��LV
WKDW�LQ�PDQ\�FDVHV��LW�LV�XS�WR�\RX�WR�HQVXUH�WKDW�WKH�GDWD�LV�FKDQJHG�WR�UHIOHFW�WKH�QHZ
VWUXFWXUH�

<RX�FDQ�UHQDPH�D�WDEOH�XVLQJ�WKH�ALTER TABLE�VWDWHPHQW�

ALTER TABLE source RENAME TO target;

,Q�DGGLWLRQ�WR�XSGDWLQJ�WKH�WDEOH�PHWDGDWD��ALTER TABLE�PRYHV�WKH�XQGHUO\LQJ�WDEOH
GLUHFWRU\�VR�WKDW�LW�UHIOHFWV�WKH�QHZ�QDPH��,Q�WKH�FXUUHQW�H[DPSOH���XVHU�KLYH�ZDUHKRXVH�
VRXUFH� LV� UHQDPHG� WR� �XVHU�KLYH�ZDUHKRXVH�WDUJHW�� �$Q� H[WHUQDO� WDEOH¦V� XQGHUO\LQJ
GLUHFWRU\�LV�QRW�PRYHG��RQO\�WKH�PHWDGDWD�LV�XSGDWHG��

+LYH�DOORZV�\RX�WR�FKDQJH�WKH�GHILQLWLRQ�IRU�FROXPQV��DGG�QHZ�FROXPQV��RU�HYHQ�UHSODFH
DOO�H[LVWLQJ�FROXPQV�LQ�D�WDEOH�ZLWK�D�QHZ�VHW�

)RU�H[DPSOH��FRQVLGHU�DGGLQJ�D�QHZ�FROXPQ�

ALTER TABLE target ADD COLUMNS (col3 STRING);

7KH�QHZ�FROXPQ�col3�LV�DGGHG�DIWHU�WKH�H[LVWLQJ��QRQSDUWLWLRQ��FROXPQV��7KH�GDWDILOHV
DUH�QRW�XSGDWHG��VR�TXHULHV�ZLOO�UHWXUQ�null�IRU�DOO�YDOXHV�RI�col3��XQOHVV�RI�FRXUVH�WKHUH
ZHUH�H[WUD�ILHOGV�DOUHDG\�SUHVHQW�LQ�WKH�ILOHV���%HFDXVH�+LYH�GRHV�QRW�SHUPLW�XSGDWLQJ
H[LVWLQJ�UHFRUGV��\RX�ZLOO�QHHG�WR�DUUDQJH� IRU� WKH�XQGHUO\LQJ� ILOHV� WR�EH�XSGDWHG�E\
DQRWKHU�PHFKDQLVP��)RU� WKLV� UHDVRQ�� LW� LV�PRUH�FRPPRQ�WR�FUHDWH�D�QHZ�WDEOH� WKDW
GHILQHV�QHZ�FROXPQV�DQG�SRSXODWHV�WKHP�XVLQJ�D�SELECT�VWDWHPHQW�

&KDQJLQJ�D�FROXPQ¦V�PHWDGDWD��VXFK�DV�D�FROXPQ¦V�QDPH�RU�GDWD�W\SH��LV�PRUH�VWUDLJKW�
IRUZDUG��DVVXPLQJ�WKDW�WKH�ROG�GDWD�W\SH�FDQ�EH�LQWHUSUHWHG�DV�WKH�QHZ�GDWD�W\SH�

7R�OHDUQ�PRUH�DERXW�KRZ�WR�DOWHU�D�WDEOH¦V�VWUXFWXUH��LQFOXGLQJ�DGGLQJ�DQG�GURSSLQJ
SDUWLWLRQV��FKDQJLQJ�DQG�UHSODFLQJ�FROXPQV��DQG�FKDQJLQJ�WDEOH�DQG�6HU'H�SURSHUWLHV�
VHH�WKH�+LYH�ZLNL�DW�KWWSV���FZLNL�DSDFKH�RUJ�FRQIOXHQFH�GLVSOD\�+LYH�/DQJXDJH0DQXDO
�''/�

Dropping Tables
7KH�DROP TABLE� VWDWHPHQW�GHOHWHV� WKH�GDWD�DQG�PHWDGDWD� IRU�D� WDEOH�� ,Q� WKH�FDVH�RI
H[WHUQDO�WDEOHV��RQO\�WKH�PHWDGDWD�LV�GHOHWHG��WKH�GDWD�LV�OHIW�XQWRXFKHG�

,I�\RX�ZDQW�WR�GHOHWH�DOO�WKH�GDWD�LQ�D�WDEOH�EXW�NHHS�WKH�WDEOH�GHILQLWLRQ��OLNH�DELETE�RU�
TRUNCATE�LQ�0\64/���\RX�FDQ�VLPSO\�GHOHWH�WKH�GDWDILOHV��)RU�H[DPSOH�

        hive> 
        dfs -rmr /user/hive/warehouse/my_table;

+LYH�WUHDWV�D�ODFN�RI�ILOHV��RU�LQGHHG�QR�GLUHFWRU\�IRU�WKH�WDEOH��DV�DQ�HPSW\�WDEOH�
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$QRWKHU�SRVVLELOLW\��ZKLFK�DFKLHYHV�D�VLPLODU�HIIHFW��LV�WR�FUHDWH�D�QHZ��HPSW\�WDEOH�WKDW
KDV�WKH�VDPH�VFKHPD�DV�WKH�ILUVW��XVLQJ�WKH�LIKE�NH\ZRUG�

CREATE TABLE new_table LIKE existing_table;

Querying Data
7KLV�VHFWLRQ�GLVFXVVHV�KRZ�WR�XVH�YDULRXV�IRUPV�RI�WKH�SELECT�VWDWHPHQW�WR�UHWULHYH�GDWD
IURP�+LYH�

Sorting and Aggregating
6RUWLQJ�GDWD�LQ�+LYH�FDQ�EH�DFKLHYHG�E\�XVLQJ�D�VWDQGDUG�ORDER BY�FODXVH��EXW�WKHUH�LV
D�FDWFK��ORDER BY�SURGXFHV�D�UHVXOW�WKDW�LV�WRWDOO\�VRUWHG��DV�H[SHFWHG��EXW�WR�GR�VR�LW
VHWV�WKH�QXPEHU�RI�UHGXFHUV�WR�RQH��PDNLQJ�LW�YHU\�LQHIILFLHQW�IRU�ODUJH�GDWDVHWV���+RSH�
IXOO\�� D� IXWXUH� UHOHDVH� RI� +LYH� ZLOO� HPSOR\� WKH� WHFKQLTXHV� GHVFULEHG� LQ� £7RWDO
6RUW¤�RQ�SDJH�����WR�VXSSRUW�HIILFLHQW�SDUDOOHO�VRUWLQJ��

:KHQ�D�JOREDOO\�VRUWHG�UHVXOW�LV�QRW�UHTXLUHG¢DQG�LQ�PDQ\�FDVHV�LW�LVQ¦W¢\RX�FDQ�XVH
+LYH¦V�QRQVWDQGDUG�H[WHQVLRQ��SORT BY�� LQVWHDG��SORT BY� SURGXFHV�D� VRUWHG� ILOH�SHU
UHGXFHU�

,Q�VRPH�FDVHV��\RX�ZDQW�WR�FRQWURO�ZKLFK�UHGXFHU�D�SDUWLFXODU�URZ�JRHV�WR��W\SLFDOO\�VR
\RX� FDQ�SHUIRUP� VRPH� VXEVHTXHQW� DJJUHJDWLRQ��7KLV� LV�ZKDW�+LYH¦V� DISTRIBUTE BY
FODXVH�GRHV��+HUH¦V�DQ�H[DPSOH�WR�VRUW�WKH�ZHDWKHU�GDWDVHW�E\�\HDU�DQG�WHPSHUDWXUH��LQ
VXFK�D�ZD\�WR�HQVXUH�WKDW�DOO� WKH�URZV�IRU�D�JLYHQ�\HDU�HQG�XS�LQ�WKH�VDPH�UHGXFHU
SDUWLWLRQ���

hive> FROM records2
    > SELECT year, temperature
    > DISTRIBUTE BY year
    > SORT BY year ASC, temperature DESC;
1949    111
1949    78
1950    22
1950    0
1950    -11

$� IROORZ�RQ� TXHU\� �RU� D� TXHU\� WKDW� QHVWV� WKLV� TXHU\� DV� D� VXETXHU\�� VHH� £6XETXHU�
LHV¤�RQ�SDJH������ZRXOG�EH�DEOH�WR�XVH�WKH�IDFW� WKDW�HDFK�\HDU¦V� WHPSHUDWXUHV�ZHUH
JURXSHG�DQG�VRUWHG��LQ�GHVFHQGLQJ�RUGHU��LQ�WKH�VDPH�ILOH�

,I�WKH�FROXPQV�IRU�SORT BY�DQG�DISTRIBUTE BY�DUH�WKH�VDPH��\RX�FDQ�XVH�CLUSTER BY�DV
D�VKRUWKDQG�IRU�VSHFLI\LQJ�ERWK�

��� 7KLV�LV�D�UHZRUNLQJ�LQ�+LYH�RI�WKH�GLVFXVVLRQ�LQ�£6HFRQGDU\�6RUW¤�RQ�SDJH�����
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MapReduce Scripts
8VLQJ�DQ�DSSURDFK�OLNH�+DGRRS�6WUHDPLQJ��WKH�TRANSFORM��MAP��DQG�REDUCE�FODXVHV�PDNH
LW�SRVVLEOH�WR�LQYRNH�DQ�H[WHUQDO�VFULSW�RU�SURJUDP�IURP�+LYH��6XSSRVH�ZH�ZDQW�WR�XVH
D�VFULSW�WR�ILOWHU�RXW�URZV�WKDW�GRQ¦W�PHHW�VRPH�FRQGLWLRQ��VXFK�DV�WKH�VFULSW�LQ�([DP�
SOH�������ZKLFK�UHPRYHV�SRRU�TXDOLW\�UHDGLQJV�

([DPSOH�������3\WKRQ�VFULSW�WR�ILOWHU�RXW�SRRU�TXDOLW\�ZHDWKHU�UHFRUGV

#!/usr/bin/env python

import re
import sys

for line in sys.stdin:
  (year, temp, q) = line.strip().split()
  if (temp != "9999" and re.match("[01459]", q)):
    print "%s\t%s" % (year, temp)

:H�FDQ�XVH�WKH�VFULSW�DV�IROORZV�LQ�([DPSOH������

([DPSOH�������8VLQJ�WKH�3\WKRQ�VFULSW

hive> ADD FILE /Users/tom/book-workspace/hadoop-book/ch12/src/main/python/is_good_quality.py; 
hive> FROM records2
    > SELECT TRANSFORM(year, temperature, quality)
    > USING 'is_good_quality.py'
    > AS year, temperature;
1950    0
1950    22
1950    -11
1949    111
1949    78

%HIRUH�UXQQLQJ�WKH�TXHU\��ZH�QHHG�WR�UHJLVWHU�WKH�VFULSW�ZLWK�+LYH��7KLV�LV�VR�+LYH�NQRZV
WR�VKLS�WKH�ILOH�WR�WKH�+DGRRS�FOXVWHU��VHH�£'LVWULEXWHG�&DFKH¤�RQ�SDJH������

7KH�TXHU\�LWVHOI�VWUHDPV�WKH�year��temperature��DQG�quality�ILHOGV�DV�D�WDE�VHSDUDWHG
OLQH�WR�WKH�LVBJRRGBTXDOLW\�S\�VFULSW��DQG�SDUVHV�WKH�WDE�VHSDUDWHG�RXWSXW�LQWR�year�DQG
temperature�ILHOGV�WR�IRUP�WKH�RXWSXW�RI�WKH�TXHU\�

7KLV�H[DPSOH�KDV�QR�UHGXFHUV��,I�ZH�XVH�D�QHVWHG�IRUP�IRU�WKH�TXHU\��ZH�FDQ�VSHFLI\�D
PDS�DQG�D�UHGXFH�IXQFWLRQ��7KLV�WLPH�ZH�XVH�WKH�MAP�DQG�REDUCE�NH\ZRUGV��EXW�SELECT
TRANSFORM�LQ�ERWK�FDVHV�ZRXOG�KDYH�WKH�VDPH�UHVXOW��7KH�VRXUFH�IRU�WKH�PD[BWHPSHUD�
WXUHBUHGXFH�S\�VFULSW�LV�VKRZQ�LQ�([DPSOH������

FROM (
  FROM records2
  MAP year, temperature, quality
  USING 'is_good_quality.py'
  AS year, temperature) map_output
REDUCE year, temperature
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USING 'max_temperature_reduce.py'
AS year, temperature;

Joins
2QH�RI� WKH�QLFH� WKLQJV�DERXW�XVLQJ�+LYH��UDWKHU� WKDQ�UDZ�0DS5HGXFH�� LV� WKDW�+LYH
PDNHV�SHUIRUPLQJ�FRPPRQO\�XVHG�RSHUDWLRQV�YHU\�VLPSOH��-RLQ�RSHUDWLRQV�DUH�D�FDVH
LQ� SRLQW�� JLYHQ� KRZ� LQYROYHG� WKH\� DUH� WR� LPSOHPHQW� LQ� 0DS5HGXFH� �VHH
£-RLQV¤�RQ�SDJH������

Inner joins
7KH�VLPSOHVW�NLQG�RI�MRLQ�LV�WKH�LQQHU�MRLQ��ZKHUH�HDFK�PDWFK�LQ�WKH�LQSXW�WDEOHV�UHVXOWV
LQ�D�URZ�LQ�WKH�RXWSXW��&RQVLGHU�WZR�VPDOO�GHPRQVWUDWLRQ�WDEOHV��sales��ZKLFK�OLVWV�WKH
QDPHV�RI�SHRSOH�DQG�WKH�,'�RI�WKH�LWHP�WKH\�ERXJKW��DQG�things��ZKLFK�OLVWV�WKH�LWHP
,'�DQG�LWV�QDPH�

hive> SELECT * FROM sales;
Joe    2
Hank   4
Ali    0
Eve    3
Hank   2
hive> SELECT * FROM things;
2    Tie
4    Coat
3    Hat
1    Scarf

:H�FDQ�SHUIRUP�DQ�LQQHU�MRLQ�RQ�WKH�WZR�WDEOHV�DV�IROORZV�

hive> SELECT sales.*, things.*
    > FROM sales JOIN things ON (sales.id = things.id);
Joe    2    2    Tie
Hank   2    2    Tie
Eve    3    3    Hat
Hank   4    4    Coat

7KH�WDEOH�LQ�WKH�FROM�FODXVH��sales��LV�MRLQHG�ZLWK�WKH�WDEOH�LQ�WKH�JOIN�FODXVH��things��
XVLQJ�WKH�SUHGLFDWH�LQ�WKH�ON�FODXVH��+LYH�RQO\�VXSSRUWV�HTXLMRLQV��ZKLFK�PHDQV�WKDW
RQO\�HTXDOLW\�FDQ�EH�XVHG�LQ�WKH�MRLQ�SUHGLFDWH��ZKLFK�KHUH�PDWFKHV�RQ�WKH�id�FROXPQ
LQ�ERWK�WDEOHV�
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6RPH�GDWDEDVHV��VXFK�DV�0\64/�DQG�2UDFOH��DOORZ�\RX�WR�OLVW�WKH�MRLQ
WDEOHV�LQ�WKH�FROM�FODXVH�DQG�VSHFLI\�WKH�MRLQ�FRQGLWLRQ�LQ�WKH�WHERE�FODXVH
RI�D�SELECT�VWDWHPHQW��+RZHYHU��WKLV�V\QWD[�LV�QRW�VXSSRUWHG�LQ�+LYH��VR
WKH�IROORZLQJ�IDLOV�ZLWK�D�SDUVH�HUURU�

SELECT sales.*, things.*
FROM sales, things
WHERE sales.id = things.id;

+LYH�DOORZV�RQO\�D�VLQJOH�WDEOH�LQ�WKH�FROM�FODXVH��DQG�MRLQV�PXVW�IROORZ
WKH�64/����JOIN�FODXVH�V\QWD[�

,Q�+LYH��\RX�FDQ�MRLQ�RQ�PXOWLSOH�FROXPQV�LQ�WKH�MRLQ�SUHGLFDWH�E\�VSHFLI\LQJ�D�VHULHV
RI�H[SUHVVLRQV��VHSDUDWHG�E\�AND�NH\ZRUGV��<RX�FDQ�DOVR�MRLQ�PRUH�WKDQ�WZR�WDEOHV�E\
VXSSO\LQJ�DGGLWLRQDO�JOIN...ON...�FODXVHV�LQ�WKH�TXHU\��+LYH�LV�LQWHOOLJHQW�DERXW�WU\LQJ
WR�PLQLPL]H�WKH�QXPEHU�RI�0DS5HGXFH�MREV�WR�SHUIRUP�WKH�MRLQV�

$�VLQJOH� MRLQ� LV� LPSOHPHQWHG�DV�D� VLQJOH�0DS5HGXFH� MRE��EXW�PXOWLSOH� MRLQV�FDQ�EH
SHUIRUPHG�LQ�OHVV�WKDQ�RQH�0DS5HGXFH�MRE�SHU�MRLQ�LI�WKH�VDPH�FROXPQ�LV�XVHG�LQ�WKH
MRLQ�FRQGLWLRQ����<RX�FDQ�VHH�KRZ�PDQ\�0DS5HGXFH�MREV�+LYH�ZLOO�XVH�IRU�DQ\�SDUWLF�
XODU�TXHU\�E\�SUHIL[LQJ�LW�ZLWK�WKH�EXPLAIN�NH\ZRUG�

EXPLAIN
SELECT sales.*, things.*
FROM sales JOIN things ON (sales.id = things.id);

7KH�EXPLAIN�RXWSXW�LQFOXGHV�PDQ\�GHWDLOV�DERXW�WKH�H[HFXWLRQ�SODQ�IRU�WKH�TXHU\��LQ�
FOXGLQJ�WKH�DEVWUDFW�V\QWD[�WUHH��WKH�GHSHQGHQF\�JUDSK�IRU�WKH�VWDJHV�WKDW�+LYH�ZLOO
H[HFXWH��DQG�LQIRUPDWLRQ�DERXW�HDFK�VWDJH��6WDJHV�PD\�EH�0DS5HGXFH�MREV�RU�RSHUD�
WLRQV�VXFK�DV�ILOH�PRYHV��)RU�HYHQ�PRUH�GHWDLO��SUHIL[�WKH�TXHU\�ZLWK�EXPLAIN EXTENDED�

+LYH�FXUUHQWO\�XVHV�D� UXOH�EDVHG�TXHU\�RSWLPL]HU� IRU�GHWHUPLQLQJ�KRZ�WR�H[HFXWH�D
TXHU\��EXW�LW¦V�OLNHO\�WKDW�LQ�WKH�IXWXUH�D�FRVW�EDVHG�RSWLPL]HU�ZLOO�EH�DGGHG�

Outer joins
2XWHU�MRLQV�DOORZ�\RX�WR�ILQG�QRQPDWFKHV�LQ�WKH�WDEOHV�EHLQJ�MRLQHG��,Q�WKH�FXUUHQW
H[DPSOH��ZKHQ�ZH�SHUIRUPHG�DQ�LQQHU�MRLQ��WKH�URZ�IRU�$OL�GLG�QRW�DSSHDU�LQ�WKH�RXWSXW�
EHFDXVH�WKH�,'�RI�WKH�LWHP�VKH�SXUFKDVHG�ZDV�QRW�SUHVHQW�LQ�WKH�things�WDEOH��,I�ZH
FKDQJH�WKH�MRLQ�W\SH�WR�LEFT OUTER JOIN��WKH�TXHU\�ZLOO�UHWXUQ�D�URZ�IRU�HYHU\�URZ�LQ
WKH�OHIW�WDEOH��sales���HYHQ�LI�WKHUH�LV�QR�FRUUHVSRQGLQJ�URZ�LQ�WKH�WDEOH�LW�LV�EHLQJ�MRLQHG
WR��things��

hive> SELECT sales.*, things.*
    > FROM sales LEFT OUTER JOIN things ON (sales.id = things.id);
Ali    0    NULL NULL

��� 7KH�RUGHU�RI�WKH�WDEOHV�LQ�WKH�JOIN�FODXVHV�LV�VLJQLILFDQW��,W¦V�JHQHUDOO\�EHVW�WR�KDYH�WKH�ODUJHVW�WDEOH�ODVW�
EXW� VHH� KWWSV���FZLNL�DSDFKH�RUJ�FRQIOXHQFH�GLVSOD\�+LYH�/DQJXDJH0DQXDO�-RLQV� IRU� PRUH� GHWDLOV�
LQFOXGLQJ�KRZ�WR�JLYH�KLQWV�WR�WKH�+LYH�SODQQHU�
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Joe    2    2    Tie
Hank   2    2    Tie
Eve    3    3    Hat
Hank   4    4    Coat

1RWLFH�WKDW�WKH�URZ�IRU�$OL�LV�QRZ�UHWXUQHG��DQG�WKH�FROXPQV�IURP�WKH�things�WDEOH�DUH
NULL�EHFDXVH�WKHUH�LV�QR�PDWFK�

+LYH�VXSSRUWV�ULJKW�RXWHU�MRLQV��ZKLFK�UHYHUVHV�WKH�UROHV�RI�WKH�WDEOHV�UHODWLYH�WR�WKH�OHIW
MRLQ��,Q�WKLV�FDVH��DOO�LWHPV�IURP�WKH�things�WDEOH�DUH�LQFOXGHG��HYHQ�WKRVH�WKDW�ZHUHQ¦W
SXUFKDVHG�E\�DQ\RQH��D�VFDUI��

hive> SELECT sales.*, things.*
    > FROM sales RIGHT OUTER JOIN things ON (sales.id = things.id);
NULL   NULL 1    Scarf
Joe    2    2    Tie
Hank   2    2    Tie
Eve    3    3    Hat
Hank   4    4    Coat

)LQDOO\��WKHUH�LV�D�IXOO�RXWHU�MRLQ��ZKHUH�WKH�RXWSXW�KDV�D�URZ�IRU�HDFK�URZ�IURP�ERWK
WDEOHV�LQ�WKH�MRLQ�

hive> SELECT sales.*, things.*
    > FROM sales FULL OUTER JOIN things ON (sales.id = things.id);
Ali    0    NULL NULL
NULL   NULL 1    Scarf
Joe    2    2    Tie
Hank   2    2    Tie
Eve    3    3    Hat
Hank   4    4    Coat

Semi joins
+LYH�GRHVQ¦W�VXSSRUW�IN�VXETXHULHV��DW�WKH�WLPH�RI�WKLV�ZULWLQJ���EXW�\RX�FDQ�XVH�D�LEFT
SEMI JOIN�WR�GR�WKH�VDPH�WKLQJ�

&RQVLGHU�WKLV�IN�VXETXHU\��ZKLFK�ILQGV�DOO�WKH�LWHPV�LQ�WKH�things�WDEOH�WKDW�DUH�LQ�WKH
sales�WDEOH�

SELECT *
FROM things
WHERE things.id IN (SELECT id from sales);

:H�FDQ�UHZULWH�LW�DV�IROORZV�

hive> SELECT *
    > FROM things LEFT SEMI JOIN sales ON (sales.id = things.id);
2    Tie
3    Hat
4    Coat

7KHUH�LV�D�UHVWULFWLRQ�WKDW�ZH�PXVW�REVHUYH�IRU�LEFT SEMI JOIN�TXHULHV��WKH�ULJKW�WDEOH
�sales��PD\�DSSHDU�RQO\�LQ�WKH�ON�FODXVH��,W�FDQQRW�EH�UHIHUHQFHG�LQ�D�SELECT�H[SUHVVLRQ�
IRU�H[DPSOH�
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Map joins
,I�RQH� WDEOH� LV� VPDOO� HQRXJK� WR� ILW� LQ�PHPRU\��+LYH�FDQ� ORDG� WKH� VPDOOHU� WDEOH� LQWR
PHPRU\�WR�SHUIRUP�WKH�MRLQ�LQ�HDFK�RI�WKH�PDSSHUV��7KH�V\QWD[�IRU�VSHFLI\LQJ�D�PDS
MRLQ�LV�D�KLQW�HPEHGGHG�LQ�DQ�64/�&�VW\OH�FRPPHQW�

hive> SELECT /*+ MAPJOIN(things) */ sales.*, things.*
    > FROM sales JOIN things ON (sales.id = things.id);
Joe    2    2    Tie
Hank   4    4    Coat
Eve    3    3    Hat
Hank   2    2    Tie

7KH� MRE� WR�H[HFXWH� WKLV�TXHU\�KDV�QR�UHGXFHUV�� VR� WKLV�TXHU\�ZRXOG�QRW�ZRUN� IRU�D
RIGHT�RU�FULL OUTER JOIN��VLQFH�DEVHQFH�RI�PDWFKLQJ�FDQ�EH�GHWHFWHG�RQO\�LQ�DQ�DJJUH�
JDWLQJ��UHGXFH��VWHS�DFURVV�DOO�WKH�LQSXWV�

0DS� MRLQV� FDQ� WDNH�DGYDQWDJH�RI�EXFNHWHG� WDEOHV� �£%XFNHWV¤�RQ�SDJH������� VLQFH�D
PDSSHU�ZRUNLQJ�RQ�D�EXFNHW�RI�WKH� OHIW�WDEOH�QHHGV�WR� ORDG�RQO\�WKH�FRUUHVSRQGLQJ
EXFNHWV�RI�WKH�ULJKW�WDEOH�WR�SHUIRUP�WKH�MRLQ��7KH�V\QWD[�IRU�WKH�MRLQ�LV�WKH�VDPH�DV�IRU
WKH�LQ�PHPRU\�FDVH�VKRZQ�HDUOLHU��KRZHYHU��\RX�DOVR�QHHG�WR�HQDEOH�WKH�RSWLPL]DWLRQ
ZLWK�WKH�IROORZLQJ�

SET hive.optimize.bucketmapjoin=true;

Subqueries
$�VXETXHU\�LV�D�SELECT�VWDWHPHQW�WKDW�LV�HPEHGGHG�LQ�DQRWKHU�64/�VWDWHPHQW��+LYH�KDV
OLPLWHG�VXSSRUW� IRU� VXETXHULHV��SHUPLWWLQJ�D� VXETXHU\�RQO\� LQ� WKH�FROM� FODXVH�RI�D�
SELECT�VWDWHPHQW�

2WKHU�GDWDEDVHV�DOORZ�VXETXHULHV�DOPRVW�DQ\ZKHUH�WKDW�DQ�H[SUHVVLRQ
LV�YDOLG��VXFK�DV�LQ�WKH�OLVW�RI�YDOXHV�WR�UHWULHYH�IURP�D�SELECT�VWDWHPHQW
RU�LQ�WKH�WHERE�FODXVH��0DQ\�XVHV�RI�VXETXHULHV�FDQ�EH�UHZULWWHQ�DV�MRLQV�
VR�LI�\RX�ILQG�\RXUVHOI�ZULWLQJ�D�VXETXHU\�ZKHUH�+LYH�GRHV�QRW�VXSSRUW
LW��VHH�ZKHWKHU�LW�FDQ�EH�H[SUHVVHG�DV�D�MRLQ��)RU�H[DPSOH��DQ�IN�VXETXHU\
FDQ�EH�ZULWWHQ�DV�D�VHPL�MRLQ�RU�DQ�LQQHU�MRLQ��VHH�£-RLQV¤�RQ�SDJH������

7KH�IROORZLQJ�TXHU\�ILQGV�WKH�PHDQ�PD[LPXP�WHPSHUDWXUH�IRU�HYHU\�\HDU�DQG�ZHDWKHU
VWDWLRQ�

SELECT station, year, AVG(max_temperature)
FROM (
  SELECT station, year, MAX(temperature) AS max_temperature
  FROM records2
  WHERE temperature != 9999
    AND (quality = 0 OR quality = 1 OR quality = 4 OR quality = 5 OR quality = 9)
  GROUP BY station, year
) mt
GROUP BY station, year;
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7KH�VXETXHU\�LV�XVHG�WR�ILQG�WKH�PD[LPXP�WHPSHUDWXUH�IRU�HDFK�VWDWLRQ�GDWH�FRPEL�
QDWLRQ��DQG�WKHQ�WKH�RXWHU�TXHU\�XVHV�WKH�AVG�DJJUHJDWH�IXQFWLRQ�WR�ILQG�WKH�DYHUDJH�RI
WKH�PD[LPXP�WHPSHUDWXUH�UHDGLQJV�IRU�HDFK�VWDWLRQ�GDWH�FRPELQDWLRQ�

7KH�RXWHU�TXHU\�DFFHVVHV�WKH�UHVXOWV�RI�WKH�VXETXHU\�OLNH�LW�GRHV�D�WDEOH��ZKLFK�LV�ZK\
WKH�VXETXHU\�PXVW�EH�JLYHQ�DQ�DOLDV��mt���7KH�FROXPQV�RI�WKH�VXETXHU\�KDYH�WR�EH�JLYHQ
XQLTXH�QDPHV�VR�WKDW�WKH�RXWHU�TXHU\�FDQ�UHIHU�WR�WKHP�

Views
$�YLHZ�LV�D�VRUW�RI�£YLUWXDO�WDEOH¤�WKDW�LV�GHILQHG�E\�D�SELECT�VWDWHPHQW��9LHZV�FDQ�EH
XVHG�WR�SUHVHQW�GDWD�WR�XVHUV�LQ�D�ZD\�WKDW�GLIIHUV�IURP�WKH�ZD\�LW�LV�DFWXDOO\�VWRUHG�RQ
GLVN��2IWHQ��WKH�GDWD�IURP�H[LVWLQJ�WDEOHV�LV�VLPSOLILHG�RU�DJJUHJDWHG�LQ�D�SDUWLFXODU�ZD\
WKDW�PDNHV�LW�FRQYHQLHQW�IRU�IXUWKHU�SURFHVVLQJ��9LHZV�PD\�DOVR�EH�XVHG�WR�UHVWULFW�XVHUV¦
DFFHVV�WR�SDUWLFXODU�VXEVHWV�RI�WDEOHV�WKDW�WKH\�DUH�DXWKRUL]HG�WR�VHH�

,Q�+LYH��D�YLHZ�LV�QRW�PDWHULDOL]HG�WR�GLVN�ZKHQ�LW�LV�FUHDWHG��UDWKHU��WKH�YLHZ¦V�SELECT
VWDWHPHQW�LV�H[HFXWHG�ZKHQ�WKH�VWDWHPHQW�WKDW�UHIHUV�WR�WKH�YLHZ�LV�UXQ��,I�D�YLHZ�SHU�
IRUPV� H[WHQVLYH� WUDQVIRUPDWLRQV� RQ� WKH� EDVH� WDEOHV� RU� LV� XVHG� IUHTXHQWO\�� \RX�PD\
FKRRVH�WR�PDQXDOO\�PDWHULDOL]H�LW�E\�FUHDWLQJ�D�QHZ�WDEOH�WKDW�VWRUHV�WKH�FRQWHQWV�RI�WKH
YLHZ��VHH�£&5($7(�7$%/(���$6�6(/(&7¤�RQ�SDJH������

:H�FDQ�XVH�YLHZV�WR�UHZRUN�WKH�TXHU\�IURP�WKH�SUHYLRXV�VHFWLRQ�IRU�ILQGLQJ�WKH�PHDQ
PD[LPXP�WHPSHUDWXUH�IRU�HYHU\�\HDU�DQG�ZHDWKHU�VWDWLRQ��)LUVW��OHW¦V�FUHDWH�D�YLHZ�IRU
YDOLG�UHFRUGV��WKDW�LV��UHFRUGV�WKDW�KDYH�D�SDUWLFXODU�quality�YDOXH�

CREATE VIEW valid_records
AS
SELECT *
FROM records2
WHERE temperature != 9999
  AND (quality = 0 OR quality = 1 OR quality = 4 OR quality = 5 OR quality = 9);

:KHQ�ZH�FUHDWH�D�YLHZ��WKH�TXHU\�LV�QRW�UXQ��LW�LV�VLPSO\�VWRUHG�LQ�WKH�PHWDVWRUH��9LHZV
DUH�LQFOXGHG�LQ�WKH�RXWSXW�RI�WKH�SHOW TABLES�FRPPDQG��DQG�\RX�FDQ�VHH�PRUH�GHWDLOV
DERXW�D�SDUWLFXODU�YLHZ��LQFOXGLQJ�WKH�TXHU\�XVHG�WR�GHILQH�LW��E\�LVVXLQJ�WKH�DESCRIBE
EXTENDED view_name�FRPPDQG�

1H[W��OHW¦V�FUHDWH�D�VHFRQG�YLHZ�RI�PD[LPXP�WHPSHUDWXUHV�IRU�HDFK�VWDWLRQ�DQG�\HDU�
,W�LV�EDVHG�RQ�WKH�valid_records�YLHZ�

CREATE VIEW max_temperatures (station, year, max_temperature)
AS
SELECT station, year, MAX(temperature)
FROM valid_records
GROUP BY station, year;

,Q�WKLV�YLHZ�GHILQLWLRQ��ZH�OLVW�WKH�FROXPQ�QDPHV�H[SOLFLWO\��:H�GR�WKLV�EHFDXVH�WKH
PD[LPXP�WHPSHUDWXUH�FROXPQ�LV�DQ�DJJUHJDWH�H[SUHVVLRQ��DQG�RWKHUZLVH�+LYH�ZRXOG
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FUHDWH�D�FROXPQ�DOLDV�IRU�XV��VXFK�DV�_c2���:H�FRXOG�HTXDOO\�ZHOO�KDYH�XVHG�DQ�AS�FODXVH
LQ�WKH�SELECT�WR�QDPH�WKH�FROXPQ�

:LWK�WKH�YLHZV�LQ�SODFH��ZH�FDQ�QRZ�XVH�WKHP�E\�UXQQLQJ�D�TXHU\�

SELECT station, year, AVG(max_temperature)
FROM max_temperatures
GROUP BY station, year;

7KH�UHVXOW�RI�WKH�TXHU\�LV�WKH�VDPH�DV�UXQQLQJ�WKH�RQH�WKDW�XVHV�D�VXETXHU\��DQG�LQ
SDUWLFXODU��+LYH�FUHDWHV�WKH�VDPH�QXPEHU�RI�0DS5HGXFH�MREV�IRU�ERWK��WZR�LQ�HDFK
FDVH��RQH�IRU�HDFK�GROUP BY��7KLV�H[DPSOH�VKRZV�WKDW�+LYH�FDQ�FRPELQH�D�TXHU\�RQ�D
YLHZ�LQWR�D�VHTXHQFH�RI�MREV�WKDW�LV�HTXLYDOHQW�WR�ZULWLQJ�WKH�TXHU\�ZLWKRXW�XVLQJ�D
YLHZ��,Q�RWKHU�ZRUGV��+LYH�ZRQ¦W�QHHGOHVVO\�PDWHULDOL]H�D�YLHZ��HYHQ�DW�H[HFXWLRQ�WLPH�

9LHZV�LQ�+LYH�DUH�UHDG�RQO\��VR�WKHUH�LV�QR�ZD\�WR�ORDG�RU�LQVHUW�GDWD�LQWR�DQ�XQGHUO\LQJ
EDVH�WDEOH�YLD�D�YLHZ�

User-Defined Functions
6RPHWLPHV�WKH�TXHU\�\RX�ZDQW�WR�ZULWH�FDQ¦W�EH�H[SUHVVHG�HDVLO\��RU�DW�DOO��XVLQJ�WKH
EXLOW�LQ�IXQFWLRQV�WKDW�+LYH�SURYLGHV��%\�ZULWLQJ�D�XVHU�GHILQHG�IXQFWLRQ��8')���+LYH
PDNHV�LW�HDV\�WR�SOXJ�LQ�\RXU�RZQ�SURFHVVLQJ�FRGH�DQG�LQYRNH�LW�IURP�D�+LYH�TXHU\�

8')V�KDYH�WR�EH�ZULWWHQ�LQ�-DYD��WKH�ODQJXDJH�WKDW�+LYH�LWVHOI�LV�ZULWWHQ�LQ��)RU�RWKHU
ODQJXDJHV��FRQVLGHU�XVLQJ�D�SELECT TRANSFORM�TXHU\��ZKLFK�DOORZV�\RX�WR�VWUHDP�GDWD
WKURXJK�D�XVHU�GHILQHG�VFULSW��£0DS5HGXFH�6FULSWV¤�RQ�SDJH������

7KHUH�DUH�WKUHH�W\SHV�RI�8')�LQ�+LYH���UHJXODU��8')V��XVHU�GHILQHG�DJJUHJDWH�IXQFWLRQV
�8'$)V��� DQG� XVHU�GHILQHG� WDEOH�JHQHUDWLQJ� IXQFWLRQV� �8'7)V��� 7KH\� GLIIHU� LQ� WKH
QXPEHUV�RI�URZV�WKDW�WKH\�DFFHSW�DV�LQSXW�DQG�SURGXFH�DV�RXWSXW�

� $�8')�RSHUDWHV�RQ�D�VLQJOH�URZ�DQG�SURGXFHV�D�VLQJOH�URZ�DV�LWV�RXWSXW��0RVW
IXQFWLRQV��VXFK�DV�PDWKHPDWLFDO�IXQFWLRQV�DQG�VWULQJ�IXQFWLRQV��DUH�RI�WKLV�W\SH�

� $�8'$)�ZRUNV�RQ�PXOWLSOH�LQSXW�URZV�DQG�FUHDWHV�D�VLQJOH�RXWSXW�URZ��$JJUHJDWH
IXQFWLRQV�LQFOXGH�VXFK�IXQFWLRQV�DV�COUNT�DQG�MAX�

� $�8'7)�RSHUDWHV�RQ�D�VLQJOH�URZ�DQG�SURGXFHV�PXOWLSOH�URZV¢D�WDEOH¢DV�RXWSXW�

7DEOH�JHQHUDWLQJ�IXQFWLRQV�DUH�OHVV�ZHOO�NQRZQ�WKDQ�WKH�RWKHU�WZR�W\SHV��VR�OHW¦V�ORRN
DW�DQ�H[DPSOH��&RQVLGHU�D�WDEOH�ZLWK�D�VLQJOH�FROXPQ��x��ZKLFK�FRQWDLQV�DUUD\V�RI�VWULQJV�
,W¦V�LQVWUXFWLYH�WR�WDNH�D�VOLJKW�GHWRXU�WR�VHH�KRZ�WKH�WDEOH�LV�GHILQHG�DQG�SRSXODWHG�

CREATE TABLE arrays (x ARRAY<STRING>)
ROW FORMAT DELIMITED
  FIELDS TERMINATED BY '\001'
  COLLECTION ITEMS TERMINATED BY '\002';
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1RWLFH�WKDW�WKH�ROW FORMAT�FODXVH�VSHFLILHV�WKDW�WKH�HQWULHV�LQ�WKH�DUUD\�DUH�GHOLPLWHG�E\
&RQWURO�%�FKDUDFWHUV��7KH�H[DPSOH� ILOH� WKDW�ZH�DUH�JRLQJ� WR� ORDG�KDV� WKH� IROORZLQJ
FRQWHQWV��ZKHUH�̂ B�LV�D�UHSUHVHQWDWLRQ�RI�WKH�&RQWURO�%�FKDUDFWHU�WR�PDNH�LW�VXLWDEOH�IRU
SULQWLQJ�

a^Bb
c^Bd^Be

$IWHU�UXQQLQJ�D�LOAD DATA�FRPPDQG��WKH�IROORZLQJ�TXHU\�FRQILUPV�WKDW�WKH�GDWD�ZDV
ORDGHG�FRUUHFWO\�

hive> SELECT * FROM arrays;
["a","b"]
["c","d","e"]

1H[W��ZH�FDQ�XVH�WKH�explode�8'7)�WR�WUDQVIRUP�WKLV�WDEOH��7KLV�IXQFWLRQ�HPLWV�D�URZ
IRU�HDFK�HQWU\�LQ�WKH�DUUD\��VR�LQ�WKLV�FDVH�WKH�W\SH�RI�WKH�RXWSXW�FROXPQ�y�LV�STRING�
7KH�UHVXOW�LV�WKDW�WKH�WDEOH�LV�IODWWHQHG�LQWR�ILYH�URZV�

hive> SELECT explode(x) AS y FROM arrays;
a
b
c
d
e

SELECT�VWDWHPHQWV�XVLQJ�8'7)V�KDYH�VRPH�UHVWULFWLRQV��IRU�H[DPSOH��WKH\�FDQQRW�UH�
WULHYH�DGGLWLRQDO�FROXPQ�H[SUHVVLRQV���ZKLFK�PDNH�WKHP�OHVV�XVHIXO�LQ�SUDFWLFH��)RU
WKLV�UHDVRQ��+LYH�VXSSRUWV�LATERAL VIEW�TXHULHV��ZKLFK�DUH�PRUH�SRZHUIXO��LATERAL
VIEW�TXHULHV�QRW�FRYHUHG�KHUH��EXW�\RX�PD\�ILQG�RXW�PRUH�DERXW�WKHP�DW�KWWSV���FZLNL
�DSDFKH�RUJ�FRQIOXHQFH�GLVSOD\�+LYH�/DQJXDJH0DQXDO�/DWHUDO9LHZ�

Writing a UDF
7R�LOOXVWUDWH�WKH�SURFHVV�RI�ZULWLQJ�DQG�XVLQJ�D�8')��ZH¦OO�ZULWH�D�VLPSOH�8')�WR�WULP
FKDUDFWHUV�IURP�WKH�HQGV�RI�VWULQJV��+LYH�DOUHDG\�KDV�D�EXLOW�LQ�IXQFWLRQ�FDOOHG�trim��VR
ZH¦OO�FDOO�RXUV�strip��7KH�FRGH�IRU�WKH�Strip�-DYD�FODVV�LV�VKRZQ�LQ�([DPSOH������

([DPSOH�������$�8')�IRU�VWULSSLQJ�FKDUDFWHUV�IURP�WKH�HQGV�RI�VWULQJV

package com.hadoopbook.hive;

import org.apache.commons.lang.StringUtils;
import org.apache.hadoop.hive.ql.exec.UDF;
import org.apache.hadoop.io.Text;

public class Strip extends UDF {
  private Text result = new Text();
  
  public Text evaluate(Text str) {
    if (str == null) {
      return null;
    }
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    result.set(StringUtils.strip(str.toString()));
    return result;
  }
  public Text evaluate(Text str, String stripChars) {
    if (str == null) {
      return null;
    }
    result.set(StringUtils.strip(str.toString(), stripChars));
    return result;
  }
}

$�8')�PXVW�VDWLVI\�WKH�IROORZLQJ�WZR�SURSHUWLHV�

� $�8')�PXVW�EH�D�VXEFODVV�RI�org.apache.hadoop.hive.ql.exec.UDF�

� $�8')�PXVW�LPSOHPHQW�DW�OHDVW�RQH�evaluate()�PHWKRG�

7KH�evaluate()�PHWKRG�LV�QRW�GHILQHG�E\�DQ�LQWHUIDFH��VLQFH�LW�PD\�WDNH�DQ�DUELWUDU\
QXPEHU�RI�DUJXPHQWV��RI�DUELWUDU\�W\SHV��DQG�LW�PD\�UHWXUQ�D�YDOXH�RI�DUELWUDU\�W\SH�
+LYH�LQWURVSHFWV�WKH�8')�WR�ILQG�WKH�evaluate()�PHWKRG�WKDW�PDWFKHV�WKH�+LYH�IXQFWLRQ
WKDW�ZDV�LQYRNHG�

7KH�Strip�FODVV�KDV�WZR�evaluate()�PHWKRGV��7KH�ILUVW�VWULSV�OHDGLQJ�DQG�WUDLOLQJ�ZKLWH�
VSDFH�IURP�WKH�LQSXW��DQG�WKH�VHFRQG�FDQ�VWULS�DQ\�RI�D�VHW�RI�VXSSOLHG�FKDUDFWHUV�IURP
WKH�HQGV�RI�WKH�VWULQJ��7KH�DFWXDO�VWULQJ�SURFHVVLQJ�LV�GHOHJDWHG�WR�WKH�StringUtils�FODVV
IURP�WKH�$SDFKH�&RPPRQV�SURMHFW��ZKLFK�PDNHV�WKH�RQO\�QRWHZRUWK\�SDUW�RI�WKH�FRGH
WKH�XVH�RI�Text�IURP�WKH�+DGRRS�:ULWDEOH�OLEUDU\��+LYH�DFWXDOO\�VXSSRUWV�-DYD�SULPL�
WLYHV�LQ�8')V��DQG�D�IHZ�RWKHU�W\SHV�VXFK�DV�java.util.List�DQG�java.util.Map���VR�D
VLJQDWXUH�OLNH�

public String evaluate(String str)

ZRXOG�ZRUN�HTXDOO\�ZHOO��+RZHYHU��E\�XVLQJ�Text��ZH�FDQ�WDNH�DGYDQWDJH�RI�REMHFW
UHXVH��ZKLFK�FDQ�EULQJ�HIILFLHQF\�VDYLQJV��DQG�VR�LV�SUHIHUUHG�LQ�JHQHUDO�

7R�XVH�WKH�8')�LQ�+LYH��ZH�QHHG�WR�SDFNDJH�WKH�FRPSLOHG�-DYD�FODVV�LQ�D�-$5�ILOH��\RX
FDQ�GR�WKLV�E\�W\SLQJ�ant hive�ZLWK�WKH�ERRN¦V�H[DPSOH�FRGH��DQG�UHJLVWHU�WKH�ILOH�ZLWK
+LYH�

ADD JAR /path/to/hive-examples.jar;

:H�DOVR�QHHG�WR�FUHDWH�DQ�DOLDV�IRU�WKH�-DYD�FODVVQDPH�

CREATE TEMPORARY FUNCTION strip AS 'com.hadoopbook.hive.Strip';

7KH�TEMPORARY�NH\ZRUG�KHUH�KLJKOLJKWV� WKH� IDFW� WKDW�8')V�DUH�GHILQHG�RQO\� IRU� WKH
GXUDWLRQ�RI�WKH�+LYH�VHVVLRQ��WKH\�DUH�QRW�SHUVLVWHG�LQ�WKH�PHWDVWRUH���,Q�SUDFWLFH��WKLV
PHDQV�\RX�QHHG�WR�DGG�WKH�-$5�ILOH�DQG�HLWKHU�GHILQH�WKH�IXQFWLRQ�DW�WKH�EHJLQQLQJ�RI
HDFK�VFULSW��RU�FUHDWH�D��KLYHUF�ILOH�LQ�\RXU�KRPH�GLUHFWRU\�FRQWDLQLQJ�WKHVH�FRPPDQGV�
DQG�WKH�8')�ZLOO�EH�UXQQLQJ�DXWRPDWLFDOO\�DW�WKH�EHJLQQLQJ�RI�HDFK�+LYH�VHVVLRQ�
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$V�DQ�DOWHUQDWLYH�WR�FDOOLQJ�ADD JAR�DW�ODXQFK�WLPH��\RX�FDQ�VSHFLI\�D
SDWK�ZKHUH�+LYH� ORRNV� IRU�DX[LOLDU\� -$5� ILOHV� WR�SXW�RQ� LWV�FODVVSDWK
�LQFOXGLQJ�WKH�0DS5HGXFH�FODVVSDWK���7KLV�WHFKQLTXH�LV�XVHIXO�IRU�DX�
WRPDWLFDOO\�DGGLQJ�\RXU�RZQ�OLEUDU\�RI�8')V�HYHU\�WLPH�\RX�UXQ�+LYH�

7KHUH�DUH�WZR�ZD\V�RI�VSHFLI\LQJ�WKH�SDWK��(LWKHU�SDVV�WKH�--auxpath
RSWLRQ�WR�WKH�KLYH�FRPPDQG�

% hive --auxpath /path/to/hive-examples.jar

RU� VHW� WKH� HIVE_AUX_JARS_PATH� HQYLURQPHQW� YDULDEOH� EHIRUH� LQYRNLQJ
+LYH��7KH�DX[LOLDU\�SDWK�PD\�EH�D�FRPPD�VHSDUDWHG�OLVW�RI�-$5�ILOH�SDWKV
RU�D�GLUHFWRU\�FRQWDLQLQJ�-$5�ILOHV�

7KH�8')�LV�QRZ�UHDG\�WR�EH�XVHG��MXVW�OLNH�D�EXLOW�LQ�IXQFWLRQ�

hive> SELECT strip('  bee  ') FROM dummy;
bee
hive> SELECT strip('banana', 'ab') FROM dummy;
nan

1RWLFH�WKDW�WKH�8')¦V�QDPH�LV�QRW�FDVH�VHQVLWLYH�

hive> SELECT STRIP('  bee  ') FROM dummy;
bee

Writing a UDAF
$Q�DJJUHJDWH�IXQFWLRQ�LV�PRUH�GLIILFXOW�WR�ZULWH�WKDQ�D�UHJXODU�8')��9DOXHV�DUH�DJJUH�
JDWHG�LQ�FKXQNV��SRWHQWLDOO\�DFURVV�PDQ\�PDS�RU�UHGXFH�WDVNV���VR�WKH�LPSOHPHQWDWLRQ
KDV�WR�EH�FDSDEOH�RI�FRPELQLQJ�SDUWLDO�DJJUHJDWLRQV� LQWR�D� ILQDO�UHVXOW��7KH�FRGH�WR
DFKLHYH�WKLV�LV�EHVW�H[SODLQHG�E\�H[DPSOH��VR�OHW¦V�ORRN�DW�WKH�LPSOHPHQWDWLRQ�RI�D�VLPSOH
8'$)�IRU�FDOFXODWLQJ�WKH�PD[LPXP�RI�D�FROOHFWLRQ�RI�LQWHJHUV��([DPSOH�������

([DPSOH�������$�8'$)�IRU�FDOFXODWLQJ�WKH�PD[LPXP�RI�D�FROOHFWLRQ�RI�LQWHJHUV

package com.hadoopbook.hive;

import org.apache.hadoop.hive.ql.exec.UDAF;
import org.apache.hadoop.hive.ql.exec.UDAFEvaluator;
import org.apache.hadoop.io.IntWritable;

public class Maximum extends UDAF {

  public static class MaximumIntUDAFEvaluator implements UDAFEvaluator {
    
    private IntWritable result;
    
    public void init() {
      result = null;
    }

    public boolean iterate(IntWritable value) {
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      if (value == null) {
        return true;
      }
      if (result == null) {
        result = new IntWritable(value.get());
      } else {
        result.set(Math.max(result.get(), value.get()));
      }
      return true;
    }

    public IntWritable terminatePartial() {
      return result;
    }

    public boolean merge(IntWritable other) {
      return iterate(other);
    }

    public IntWritable terminate() {
      return result;
    }
  }
}

7KH�FODVV�VWUXFWXUH� LV� VOLJKWO\�GLIIHUHQW� IURP�WKH�RQH� IRU�8')V��$�8'$)�PXVW�EH�D
VXEFODVV�RI�org.apache.hadoop.hive.ql.exec.UDAF��QRWH�WKH�£$¤�LQ�8'$)��DQG�FRQWDLQ
RQH�RU�PRUH�QHVWHG�VWDWLF�FODVVHV�LPSOHPHQWLQJ�org.apache.hadoop.hive.ql.exec.UDA
FEvaluator��,Q�WKLV�H[DPSOH��WKHUH�LV�D�VLQJOH�QHVWHG�FODVV��MaximumIntUDAFEvaluator�
EXW�ZH�FRXOG�DGG�PRUH�HYDOXDWRUV�VXFK�DV�MaximumLongUDAFEvaluator��MaximumFloatU
DAFEvaluator��DQG�VR�RQ�� WR�SURYLGH�RYHUORDGHG� IRUPV�RI� WKH�8'$)�IRU� ILQGLQJ� WKH
PD[LPXP�RI�D�FROOHFWLRQ�RI�ORQJV��IORDWV��DQG�VR�RQ�

$Q�HYDOXDWRU�PXVW�LPSOHPHQW�ILYH�PHWKRGV��GHVFULEHG�LQ�WXUQ�KHUH��WKH�IORZ�LV�LOOXV�
WUDWHG�LQ�)LJXUH�������

init()
7KH� init()� PHWKRG� LQLWLDOL]HV� WKH� HYDOXDWRU� DQG� UHVHWV� LWV� LQWHUQDO� VWDWH�� ,Q
MaximumIntUDAFEvaluator��ZH�VHW�WKH�IntWritable�REMHFW�KROGLQJ�WKH�ILQDO�UHVXOW�WR
null��:H�XVH�null�WR�LQGLFDWH�WKDW�QR�YDOXHV�KDYH�EHHQ�DJJUHJDWHG�\HW��ZKLFK�KDV
WKH�GHVLUDEOH�HIIHFW�RI�PDNLQJ�WKH�PD[LPXP�YDOXH�RI�DQ�HPSW\�VHW�NULL�

iterate()
7KH�iterate()�PHWKRG�LV�FDOOHG�HYHU\�WLPH�WKHUH�LV�D�QHZ�YDOXH�WR�EH�DJJUHJDWHG�
7KH�HYDOXDWRU�VKRXOG�XSGDWH�LWV�LQWHUQDO�VWDWH�ZLWK�WKH�UHVXOW�RI�SHUIRUPLQJ�WKH
DJJUHJDWLRQ��7KH�DUJXPHQWV�WKDW�iterate()�WDNHV�FRUUHVSRQG�WR�WKRVH�LQ�WKH�+LYH
IXQFWLRQ�IURP�ZKLFK�LW�ZDV�FDOOHG��,Q�WKLV�H[DPSOH��WKHUH�LV�RQO\�RQH�DUJXPHQW�
7KH�YDOXH�LV�ILUVW�FKHFNHG�WR�VHH�ZKHWKHU�LW�LV�null��DQG�LI�LW�LV��LW�LV�LJQRUHG��2WKHU�
ZLVH��WKH�result�LQVWDQFH�YDULDEOH�LV�VHW�WR�value¦V�LQWHJHU�YDOXH��LI�WKLV�LV�WKH�ILUVW
YDOXH�WKDW�KDV�EHHQ�VHHQ��RU�VHW�WR�WKH�ODUJHU�RI�WKH�FXUUHQW�UHVXOW�DQG�value��LI�RQH
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RU�PRUH�YDOXHV�KDYH�DOUHDG\�EHHQ�VHHQ���:H�UHWXUQ�true�WR�LQGLFDWH�WKDW�WKH�LQSXW
YDOXH�ZDV�YDOLG�

terminatePartial()
7KH�terminatePartial()�PHWKRG�LV�FDOOHG�ZKHQ�+LYH�ZDQWV�D�UHVXOW�IRU�WKH�SDUWLDO
DJJUHJDWLRQ��7KH�PHWKRG�PXVW�UHWXUQ�DQ�REMHFW�WKDW�HQFDSVXODWHV�WKH�VWDWH�RI�WKH
DJJUHJDWLRQ��,Q�WKLV�FDVH��DQ�IntWritable�VXIILFHV�EHFDXVH�LW�HQFDSVXODWHV�HLWKHU�WKH
PD[LPXP�YDOXH�VHHQ�RU�null�LI�QR�YDOXHV�KDYH�EHHQ�SURFHVVHG�

merge()
7KH�merge()�PHWKRG�LV�FDOOHG�ZKHQ�+LYH�GHFLGHV�WR�FRPELQH�RQH�SDUWLDO�DJJUHJD�
WLRQ�ZLWK�DQRWKHU��7KH�PHWKRG�WDNHV�D�VLQJOH�REMHFW�ZKRVH�W\SH�PXVW�FRUUHVSRQG
WR� WKH� UHWXUQ� W\SH� RI� WKH� terminatePartial()� PHWKRG�� ,Q� WKLV� H[DPSOH�� WKH�
merge()�PHWKRG�FDQ�VLPSO\�GHOHJDWH�WR�WKH�iterate()�PHWKRG�EHFDXVH�WKH�SDUWLDO
DJJUHJDWLRQ�LV�UHSUHVHQWHG�LQ�WKH�VDPH�ZD\�DV�D�YDOXH�EHLQJ�DJJUHJDWHG��7KLV�LV�QRW
JHQHUDOO\�WKH�FDVH��DQG�ZH¦OO�VHH�D�PRUH�JHQHUDO�H[DPSOH�ODWHU���DQG�WKH�PHWKRG
VKRXOG�LPSOHPHQW�WKH�ORJLF�WR�FRPELQH�WKH�HYDOXDWRU¦V�VWDWH�ZLWK�WKH�VWDWH�RI�WKH
SDUWLDO�DJJUHJDWLRQ�

)LJXUH�������'DWD�IORZ�ZLWK�SDUWLDO�UHVXOWV�IRU�D�8'$)
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terminate()
7KH�terminate()�PHWKRG�LV�FDOOHG�ZKHQ�WKH�ILQDO�UHVXOW�RI�WKH�DJJUHJDWLRQ�LV�QHHGHG�
7KH�HYDOXDWRU�VKRXOG�UHWXUQ�LWV�VWDWH�DV�D�YDOXH��,Q�WKLV�FDVH��ZH�UHWXUQ�WKH�result
LQVWDQFH�YDULDEOH�

/HW¦V�H[HUFLVH�RXU�QHZ�IXQFWLRQ�

hive> CREATE TEMPORARY FUNCTION maximum AS 'com.hadoopbook.hive.Maximum';
hive> SELECT maximum(temperature) FROM records;
111

A more complex UDAF
7KH�SUHYLRXV�H[DPSOH�LV�XQXVXDO�LQ�WKDW�D�SDUWLDO�DJJUHJDWLRQ�FDQ�EH�UHSUHVHQWHG�XVLQJ
WKH�VDPH�W\SH��IntWritable��DV�WKH�ILQDO�UHVXOW��7KLV�LV�QRW�JHQHUDOO\�WKH�FDVH�IRU�PRUH
FRPSOH[�DJJUHJDWH�IXQFWLRQV��DV�FDQ�EH�VHHQ�E\�FRQVLGHULQJ�D�8'$)�IRU�FDOFXODWLQJ�WKH
PHDQ��DYHUDJH��RI�D�FROOHFWLRQ�RI�GRXEOH�YDOXHV�� ,W¦V�QRW�PDWKHPDWLFDOO\�SRVVLEOH�WR
FRPELQH� SDUWLDO� PHDQV� LQWR� D� ILQDO� PHDQ� YDOXH� �VHH� £&RPELQHU� )XQF�
WLRQV¤�RQ�SDJH������,QVWHDG��ZH�FDQ�UHSUHVHQW�WKH�SDUWLDO�DJJUHJDWLRQ�DV�D�SDLU�RI�QXP�
EHUV��WKH�FXPXODWLYH�VXP�RI�WKH�GRXEOH�YDOXHV�SURFHVVHG�VR�IDU��DQG�WKH�QXPEHU�RI
YDOXHV�

7KLV�LGHD�LV�LPSOHPHQWHG�LQ�WKH�8'$)�VKRZQ�LQ�([DPSOH�������1RWLFH�WKDW�WKH�SDUWLDO
DJJUHJDWLRQ� LV� LPSOHPHQWHG� DV� D� £VWUXFW¤� QHVWHG� VWDWLF� FODVV�� FDOOHG� PartialResult�
ZKLFK�+LYH�LV�LQWHOOLJHQW�HQRXJK�WR�VHULDOL]H�DQG�GHVHULDOL]H��VLQFH�ZH�DUH�XVLQJ�ILHOG
W\SHV�WKDW�+LYH�FDQ�KDQGOH��-DYD�SULPLWLYHV�LQ�WKLV�FDVH��

,Q�WKLV�H[DPSOH��WKH�merge()�PHWKRG�LV�GLIIHUHQW�IURP�iterate()�EHFDXVH�LW�FRPELQHV
WKH�SDUWLDO�VXPV�DQG�SDUWLDO�FRXQWV�E\�SDLUZLVH�DGGLWLRQ��$OVR��WKH�UHWXUQ�W\SH�RI�ter
minatePartial()�LV�PartialResult¢ZKLFK�RI�FRXUVH�LV�QHYHU�VHHQ�E\�WKH�XVHU�FDOOLQJ
WKH�IXQFWLRQ¢ZKHUHDV�WKH�UHWXUQ�W\SH�RI�terminate()�LV�DoubleWritable��WKH�ILQDO�UHVXOW
VHHQ�E\�WKH�XVHU�

([DPSOH�������$�8'$)�IRU�FDOFXODWLQJ�WKH�PHDQ�RI�D�FROOHFWLRQ�RI�GRXEOHV

package com.hadoopbook.hive;

import org.apache.hadoop.hive.ql.exec.UDAF;
import org.apache.hadoop.hive.ql.exec.UDAFEvaluator;
import org.apache.hadoop.hive.serde2.io.DoubleWritable;

public class Mean extends UDAF {

  public static class MeanDoubleUDAFEvaluator implements UDAFEvaluator {
    public static class PartialResult {
      double sum;
      long count;
    }
    
    private PartialResult partial;
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    public void init() {
      partial = null;
    }

    public boolean iterate(DoubleWritable value) {
      if (value == null) {
        return true;
      }
      if (partial == null) {
        partial = new PartialResult();
      }
      partial.sum += value.get();
      partial.count++;
      return true;
    }

    public PartialResult terminatePartial() {
      return partial;
    }

    public boolean merge(PartialResult other) {
      if (other == null) {
        return true;
      }
      if (partial == null) {
        partial = new PartialResult();
      }
      partial.sum += other.sum;
      partial.count += other.count;
      return true;
    }

    public DoubleWritable terminate() {
      if (partial == null) {
        return null;
      }
      return new DoubleWritable(partial.sum / partial.count);
    }
  }
}
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CHAPTER 13

HBase

-RQDWKDQ�*UD\�DQG�0LFKDHO�6WDFN

HBasics
+%DVH�LV�D�GLVWULEXWHG�FROXPQ�RULHQWHG�GDWDEDVH�EXLOW�RQ�WRS�RI�+')6��+%DVH�LV�WKH
+DGRRS�DSSOLFDWLRQ�WR�XVH�ZKHQ�\RX�UHTXLUH�UHDO�WLPH�UHDG�ZULWH�UDQGRP�DFFHVV�WR
YHU\�ODUJH�GDWDVHWV�

$OWKRXJK�WKHUH�DUH�FRXQWOHVV�VWUDWHJLHV�DQG�LPSOHPHQWDWLRQV�IRU�GDWDEDVH�VWRUDJH�DQG
UHWULHYDO��PRVW�VROXWLRQV¢HVSHFLDOO\�WKRVH�RI�WKH�UHODWLRQDO�YDULHW\¢DUH�QRW�EXLOW�ZLWK
YHU\�ODUJH�VFDOH�DQG�GLVWULEXWLRQ�LQ�PLQG��0DQ\�YHQGRUV�RIIHU�UHSOLFDWLRQ�DQG�SDUWL�
WLRQLQJ�VROXWLRQV�WR�JURZ�WKH�GDWDEDVH�EH\RQG�WKH�FRQILQHV�RI�D�VLQJOH�QRGH��EXW�WKHVH
DGG�RQV�DUH�JHQHUDOO\�DQ�DIWHUWKRXJKW�DQG�DUH�FRPSOLFDWHG�WR�LQVWDOO�DQG�PDLQWDLQ��7KH\
DOVR� VHYHUHO\� FRPSURPLVH� WKH�5'%06� IHDWXUH� VHW�� -RLQV�� FRPSOH[�TXHULHV�� WULJJHUV�
YLHZV��DQG�IRUHLJQ�NH\�FRQVWUDLQWV�EHFRPH�SURKLELWLYHO\�H[SHQVLYH�WR�UXQ�RQ�D�VFDOHG
5'%06�RU�GR�QRW�ZRUN�DW�DOO�

+%DVH�FRPHV�DW�WKH�VFDOLQJ�SUREOHP�IURP�WKH�RSSRVLWH�GLUHFWLRQ��,W�LV�EXLOW�IURP�WKH
JURXQG�XS�WR�VFDOH�OLQHDUO\�MXVW�E\�DGGLQJ�QRGHV��+%DVH�LV�QRW�UHODWLRQDO�DQG�GRHV�QRW
VXSSRUW�64/��EXW�JLYHQ�WKH�SURSHU�SUREOHP�VSDFH��LW�LV�DEOH�WR�GR�ZKDW�DQ�5'%06
FDQQRW��KRVW�YHU\�ODUJH��VSDUVHO\�SRSXODWHG�WDEOHV�RQ�FOXVWHUV�PDGH�IURP�FRPPRGLW\
KDUGZDUH�

7KH�FDQRQLFDO�+%DVH�XVH�FDVH�LV�WKH�ZHEWDEOH��D�WDEOH�RI�FUDZOHG�ZHE�SDJHV�DQG�WKHLU
DWWULEXWHV��VXFK�DV�ODQJXDJH�DQG�0,0(�W\SH��NH\HG�E\�WKH�ZHE�SDJH�85/��7KH�ZHEWDEOH
LV� ODUJH�� ZLWK� URZ� FRXQWV� WKDW� UXQ� LQWR� WKH� ELOOLRQV�� %DWFK� DQDO\WLF� DQG� SDUVLQJ
0DS5HGXFH� MREV� DUH� FRQWLQXRXVO\� UXQ� DJDLQVW� WKH�ZHEWDEOH�� GHULYLQJ� VWDWLVWLFV� DQG
DGGLQJ�QHZ�FROXPQV�RI�YHULILHG�0,0(�W\SH�DQG�SDUVHG�WH[W�FRQWHQW�IRU�ODWHU�LQGH[LQJ
E\�D�VHDUFK�HQJLQH��&RQFXUUHQWO\��WKH�WDEOH�LV�UDQGRPO\�DFFHVVHG�E\�FUDZOHUV�UXQQLQJ
DW�YDULRXV�UDWHV�DQG�XSGDWLQJ�UDQGRP�URZV�ZKLOH�UDQGRP�ZHE�SDJHV�DUH�VHUYHG�LQ�UHDO
WLPH�DV�XVHUV�FOLFN�RQ�D�ZHEVLWH¦V�FDFKHG�SDJH�IHDWXUH�
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,Q�WKLV�FKDSWHU�ZH�JLYH�DQ�LQWURGXFWLRQ�WR�XVLQJ�+%DVH��)RU�PRUH�LQ�GHSWK�LQIRUPDWLRQ�
FRQVXOW�+%DVH��7KH�'HILQLWLYH�*XLGH�E\�/DUV�*HRUJH��2¦5HLOO\��������

Backdrop
7KH�+%DVH� SURMHFW�ZDV� VWDUWHG� WRZDUG� WKH� HQG� RI� ����� E\�&KDG�:DOWHUV� DQG� -LP
.HOOHUPDQ�DW�3RZHUVHW��,W�ZDV�PRGHOHG�DIWHU�*RRJOH¦V�£%LJWDEOH��$�'LVWULEXWHG�6WRUDJH
6\VWHP� IRU� 6WUXFWXUHG�'DWD¤� E\� &KDQJ� HW� DO�� �KWWS���ODEV�JRRJOH�FRP�SDSHUV�ELJWDEOH
�KWPO���ZKLFK�KDG�MXVW�EHHQ�SXEOLVKHG��,Q�)HEUXDU\�������0LNH�&DIDUHOOD�PDGH�D�FRGH
GURS�RI�D�PRVWO\�ZRUNLQJ�V\VWHP�WKDW�-LP�.HOOHUPDQ�WKHQ�FDUULHG�IRUZDUG�

7KH�ILUVW�+%DVH�UHOHDVH�ZDV�EXQGOHG�DV�SDUW�RI�+DGRRS��������LQ�2FWREHU�������,Q�0D\
������+%DVH�JUDGXDWHG�IURP�D�+DGRRS�VXESURMHFW�WR�EHFRPH�DQ�$SDFKH�7RS�/HYHO
3URMHFW��3URGXFWLRQ�XVHUV�RI�+%DVH�LQFOXGH�$GREH��6WXPEOH8SRQ��7ZLWWHU��DQG�JURXSV
DW�<DKRR��

Concepts
,Q�WKLV�VHFWLRQ��ZH�SURYLGH�D�TXLFN�RYHUYLHZ�RI�FRUH�+%DVH�FRQFHSWV��$W�D�PLQLPXP��D
SDVVLQJ�IDPLOLDULW\�ZLOO�HDVH�WKH�GLJHVWLRQ�RI�DOO�WKDW�IROORZV��

Whirlwind Tour of the Data Model
$SSOLFDWLRQV�VWRUH�GDWD�LQWR�ODEHOHG�WDEOHV��7DEOHV�DUH�PDGH�RI�URZV�DQG�FROXPQV��7DEOH
FHOOV¢WKH�LQWHUVHFWLRQ�RI�URZ�DQG�FROXPQ�FRRUGLQDWHV¢DUH�YHUVLRQHG��%\�GHIDXOW��WKHLU
YHUVLRQ�LV�D�WLPHVWDPS�DXWR�DVVLJQHG�E\�+%DVH�DW�WKH�WLPH�RI�FHOO� LQVHUWLRQ��$�FHOO¦V
FRQWHQW�LV�DQ�XQLQWHUSUHWHG�DUUD\�RI�E\WHV�

7DEOH�URZ�NH\V�DUH�DOVR�E\WH�DUUD\V��VR�WKHRUHWLFDOO\�DQ\WKLQJ�FDQ�VHUYH�DV�D�URZ�NH\�
IURP�VWULQJV�WR�ELQDU\�UHSUHVHQWDWLRQV�RI�ORQJ�RU�HYHQ�VHULDOL]HG�GDWD�VWUXFWXUHV��7DEOH
URZV�DUH�VRUWHG�E\�URZ�NH\��WKH�WDEOH¦V�SULPDU\�NH\��7KH�VRUW�LV�E\WH�RUGHUHG��$OO�WDEOH
DFFHVVHV�DUH�YLD�WKH�WDEOH�SULPDU\�NH\��

5RZ�FROXPQV�DUH�JURXSHG�LQWR�FROXPQ�IDPLOLHV��$OO�FROXPQ�IDPLO\�PHPEHUV�KDYH�D
FRPPRQ� SUHIL[�� VR�� IRU� H[DPSOH�� WKH� FROXPQV� WHPSHUDWXUH�DLU� DQG� WHPSHUD�
WXUH�GHZBSRLQW� DUH� ERWK� PHPEHUV� RI� WKH� WHPSHUDWXUH� FROXPQ� IDPLO\�� ZKHUHDV
VWDWLRQ�LGHQWLILHU�EHORQJV�WR�WKH�VWDWLRQ�IDPLO\���7KH�FROXPQ�IDPLO\�SUHIL[�PXVW�EH�FRP�
SRVHG�RI�SULQWDEOH�FKDUDFWHUV��7KH�TXDOLI\LQJ�WDLO��WKH�FROXPQ�IDPLO\�TXDOLILHU��FDQ�EH
PDGH�RI�DQ\�DUELWUDU\�E\WHV�

�� )RU�PRUH�GHWDLO�WKDQ�LV�SURYLGHG�KHUH��VHH�WKH�+%DVH�$UFKLWHFWXUH�SDJH�RQ�WKH�+%DVH�ZLNL�

�� $V�RI�WKLV�ZULWLQJ��WKHUH�DUH�DW�OHDVW�WZR�SURMHFWV�XS�RQ�JLWKXE�WKDW�DGG�VHFRQGDU\�LQGLFHV�WR�+%DVH�

�� ,Q�+%DVH��E\�FRQYHQWLRQ��WKH�FRORQ�FKDUDFWHU��:��GHOLPLWV�WKH�FROXPQ�IDPLO\�IURP�WKH�FROXPQ�IDPLO\
TXDOLILHU��,W�LV�KDUGFRGHG�

460 | Chapter 13:ಗHBase

http://shop.oreilly.com/product/0636920014348.do
http://labs.google.com/papers/bigtable.html
http://labs.google.com/papers/bigtable.html
http://wiki.apache.org/hadoop/Hbase/HbaseArchitecture


$�WDEOH¦V�FROXPQ�IDPLOLHV�PXVW�EH�VSHFLILHG�XS�IURQW�DV�SDUW�RI�WKH�WDEOH�VFKHPD�GHIL�
QLWLRQ��EXW�QHZ�FROXPQ�IDPLO\�PHPEHUV�FDQ�EH�DGGHG�RQ�GHPDQG��)RU�H[DPSOH��D�QHZ
FROXPQ�VWDWLRQ�DGGUHVV�FDQ�EH�RIIHUHG�E\�D�FOLHQW�DV�SDUW�RI�DQ�XSGDWH��DQG�LWV�YDOXH
SHUVLVWHG��DV�ORQJ�DV�WKH�FROXPQ�IDPLO\�VWDWLRQ�LV�DOUHDG\�LQ�H[LVWHQFH�RQ�WKH�WDUJHWHG
WDEOH�

3K\VLFDOO\��DOO� FROXPQ� IDPLO\�PHPEHUV�DUH� VWRUHG� WRJHWKHU�RQ� WKH� ILOHV\VWHP��6R�DO�
WKRXJK� HDUOLHU� ZH� GHVFULEHG� +%DVH� DV� D� FROXPQ�RULHQWHG� VWRUH�� LW� ZRXOG� EH� PRUH
DFFXUDWH�LI�LW�ZHUH�GHVFULEHG�DV�D�FROXPQ�IDPLO\�RULHQWHG�VWRUH��%HFDXVH�WXQLQJV�DQG
VWRUDJH�VSHFLILFDWLRQV�DUH�GRQH�DW�WKH�FROXPQ�IDPLO\�OHYHO��LW�LV�DGYLVHG�WKDW�DOO�FROXPQ
IDPLO\�PHPEHUV�KDYH�WKH�VDPH�JHQHUDO�DFFHVV�SDWWHUQ�DQG�VL]H�FKDUDFWHULVWLFV�

,Q�V\QRSVLV��+%DVH�WDEOHV�DUH�OLNH�WKRVH�LQ�DQ�5'%06��RQO\�FHOOV�DUH�YHUVLRQHG��URZV
DUH�VRUWHG��DQG�FROXPQV�FDQ�EH�DGGHG�RQ�WKH�IO\�E\�WKH�FOLHQW�DV�ORQJ�DV�WKH�FROXPQ
IDPLO\�WKH\�EHORQJ�WR�SUHH[LVWV�

Regions
7DEOHV�DUH�DXWRPDWLFDOO\�SDUWLWLRQHG�KRUL]RQWDOO\�E\�+%DVH�LQWR�UHJLRQV��(DFK�UHJLRQ
FRPSULVHV�D�VXEVHW�RI�D�WDEOH¦V�URZV��$�UHJLRQ�LV�GHQRWHG�E\�WKH�WDEOH�LW�EHORQJV�WR��LWV
ILUVW�URZ��LQFOXVLYH��DQG�ODVW�URZ��H[FOXVLYH��,QLWLDOO\��D�WDEOH�FRPSULVHV�D�VLQJOH�UHJLRQ�
EXW�DV�WKH�VL]H�RI�WKH�UHJLRQ�JURZV��DIWHU�LW�FURVVHV�D�FRQILJXUDEOH�VL]H�WKUHVKROG��LW�VSOLWV
DW�D�URZ�ERXQGDU\�LQWR�WZR�QHZ�UHJLRQV�RI�DSSUR[LPDWHO\�HTXDO�VL]H��8QWLO�WKLV�ILUVW
VSOLW�KDSSHQV��DOO�ORDGLQJ�ZLOO�EH�DJDLQVW�WKH�VLQJOH�VHUYHU�KRVWLQJ�WKH�RULJLQDO�UHJLRQ�
$V�WKH� WDEOH�JURZV�� WKH�QXPEHU�RI� LWV� UHJLRQV�JURZV��5HJLRQV�DUH� WKH�XQLWV� WKDW�JHW
GLVWULEXWHG�RYHU�DQ�+%DVH�FOXVWHU��,Q�WKLV�ZD\��D�WDEOH�WKDW�LV�WRR�ELJ�IRU�DQ\�RQH�VHUYHU
FDQ�EH�FDUULHG�E\�D�FOXVWHU�RI�VHUYHUV��ZLWK�HDFK�QRGH�KRVWLQJ�D�VXEVHW�RI�WKH�WDEOH¦V�WRWDO
UHJLRQV��7KLV�LV�DOVR�WKH�PHDQV�E\�ZKLFK�WKH�ORDGLQJ�RQ�D�WDEOH�JHWV�GLVWULEXWHG��7KH
RQOLQH�VHW�RI�VRUWHG�UHJLRQV�FRPSULVHV�WKH�WDEOH¦V�WRWDO�FRQWHQW�

Locking
5RZ�XSGDWHV�DUH�DWRPLF��QR�PDWWHU�KRZ�PDQ\�URZ�FROXPQV�FRQVWLWXWH�WKH�URZ�OHYHO
WUDQVDFWLRQ��7KLV�NHHSV�WKH�ORFNLQJ�PRGHO�VLPSOH�

Implementation
-XVW�DV�+')6�DQG�0DS5HGXFH�DUH�EXLOW�RI�FOLHQWV��VODYHV��DQG�D�FRRUGLQDWLQJ�PDVWHU¢
QDPHQRGH�DQG�GDWDQRGHV�LQ�+')6�DQG�MREWUDFNHU�DQG�WDVNWUDFNHUV�LQ�0DS5HGXFH¢VR
LV�+%DVH�PRGHOHG�ZLWK�DQ�+%DVH�PDVWHU�QRGH�RUFKHVWUDWLQJ�D�FOXVWHU�RI�RQH�RU�PRUH
UHJLRQVHUYHU�VODYHV��VHH�)LJXUH��������7KH�+%DVH�PDVWHU�LV�UHVSRQVLEOH�IRU�ERRWVWUDSSLQJ
D�YLUJLQ� LQVWDOO�� IRU�DVVLJQLQJ� UHJLRQV� WR� UHJLVWHUHG� UHJLRQVHUYHUV�� DQG� IRU� UHFRYHULQJ
UHJLRQVHUYHU�IDLOXUHV��7KH�PDVWHU�QRGH�LV�OLJKWO\�ORDGHG��7KH�UHJLRQVHUYHUV�FDUU\�]HUR
RU�PRUH�UHJLRQV�DQG�ILHOG�FOLHQW�UHDG�ZULWH�UHTXHVWV��7KH\�DOVR�PDQDJH�UHJLRQ�VSOLWV�
LQIRUPLQJ�WKH�+%DVH�PDVWHU�DERXW�WKH�QHZ�GDXJKWHU�UHJLRQV�IRU�LW�WR�PDQDJH�WKH�RII�
OLQLQJ�RI�SDUHQW�UHJLRQ�DQG�DVVLJQPHQW�RI�WKH�UHSODFHPHQW�GDXJKWHUV�
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)LJXUH�������+%DVH�FOXVWHU�PHPEHUV

+%DVH�GHSHQGV�RQ�=RR.HHSHU��&KDSWHU������DQG�E\�GHIDXOW�LW�PDQDJHV�D�=RR.HHSHU
LQVWDQFH�DV�WKH�DXWKRULW\�RQ�FOXVWHU�VWDWH��+%DVH�KRVWV�YLWDOV�VXFK�DV�WKH�ORFDWLRQ�RI�WKH
URRW�FDWDORJ�WDEOH�DQG�WKH�DGGUHVV�RI�WKH�FXUUHQW�FOXVWHU�PDVWHU��$VVLJQPHQW�RI�UHJLRQV
LV�PHGLDWHG�YLD�=RR.HHSHU�LQ�FDVH�SDUWLFLSDWLQJ�VHUYHUV�FUDVK�PLG�DVVLJQPHQW��+RVWLQJ
WKH�DVVLJQPHQW�WUDQVDFWLRQ�VWDWH�LQ�=RR.HHSHU�PDNHV�LW�VR�UHFRYHU\�FDQ�SLFN�XS�RQ�WKH
DVVLJQPHQW�ZKHUH�WKH�FUDVKHG�VHUYHU� OHIW�RII��$W�D�PLQLPXP��ZKHQ�ERRWVWUDSSLQJ�D
FOLHQW�FRQQHFWLRQ�WR�DQ�+%DVH�FOXVWHU��WKH�FOLHQW�PXVW�EH�SDVVHG�WKH�ORFDWLRQ�RI�WKH
=RR.HHSHU�HQVHPEOH��7KHUHDIWHU��WKH�FOLHQW�QDYLJDWHV�WKH�=RR.HHSHU�KLHUDUFK\�WR�OHDUQ
FOXVWHU�DWWULEXWHV�VXFK�DV�VHUYHU�ORFDWLRQV��

5HJLRQVHUYHU�VODYH�QRGHV�DUH�OLVWHG�LQ�WKH�+%DVH�FRQI�UHJLRQVHUYHUV�ILOH�DV�\RX�ZRXOG
OLVW�GDWDQRGHV�DQG�WDVNWUDFNHUV�LQ�WKH�+DGRRS�FRQI�VODYHV�ILOH��6WDUW�DQG�VWRS�VFULSWV�DUH
OLNH� WKRVH� LQ�+DGRRS�DQG�XVH� WKH� VDPH�66+�EDVHG�PHFKDQLVP� IRU� UXQQLQJ� UHPRWH
FRPPDQGV��$�FOXVWHU¦V� VLWH�VSHFLILF� FRQILJXUDWLRQ� LV�PDGH� LQ� WKH�+%DVH� FRQI�KEDVH�
VLWH�[PO�DQG�FRQI�KEDVH�HQY�VK�ILOHV��ZKLFK�KDYH�WKH�VDPH�IRUPDW�DV�WKDW�RI�WKHLU�HTXLY�
DOHQWV�LQ�WKH�+DGRRS�SDUHQW�SURMHFW��VHH�&KDSWHU����

�� +%DVH�FDQ�EH�FRQILJXUHG�WR�XVH�DQ�H[LVWLQJ�=RR.HHSHU�FOXVWHU�LQVWHDG�
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:KHUH�WKHUH�LV�FRPPRQDOLW\�WR�EH�IRXQG��+%DVH�GLUHFWO\�XVHV�RU�VXE�
FODVVHV�WKH�SDUHQW�+DGRRS�LPSOHPHQWDWLRQ��ZKHWKHU�WKLV�LV�D�VHUYLFH�RU
W\SH��:KHQ�WKLV�LV�QRW�SRVVLEOH��+%DVH�ZLOO�IROORZ�WKH�+DGRRS�PRGHO
ZKHUH�LW�FDQ��)RU�H[DPSOH��+%DVH�XVHV�WKH�+DGRRS�&RQILJXUDWLRQ�V\V�
WHP�VR�FRQILJXUDWLRQ�ILOHV�KDYH�WKH�VDPH�IRUPDW��:KDW�WKLV�PHDQV�IRU
\RX��WKH�XVHU��LV�WKDW�\RX�FDQ�OHYHUDJH�DQ\�+DGRRS�IDPLOLDULW\�LQ�\RXU
H[SORUDWLRQ�RI�+%DVH��+%DVH�GHYLDWHV�IURP�WKLV�UXOH�RQO\�ZKHQ�DGGLQJ
LWV�VSHFLDOL]DWLRQV�

+%DVH�SHUVLVWV�GDWD�YLD�WKH�+DGRRS�ILOHV\VWHP�$3,��%HFDXVH�WKHUH�DUH�PXOWLSOH�LPSOH�
PHQWDWLRQV�RI�WKH�ILOHV\VWHP�LQWHUIDFH¢RQH�IRU�WKH�ORFDO�ILOHV\VWHP��DQG�RQH�IRU�WKH
.)6�ILOHV\VWHP��$PD]RQ¦V�6���DQG�+')6��0RVW�SHRSOH�XVLQJ�+%DVH�UXQ�LW�RQ�+')6�IRU
VWRUDJH��WKRXJK�E\�GHIDXOW��DQG�XQOHVV�WROG�RWKHUZLVH��+%DVH�ZULWHV�WR�WKH�ORFDO�ILOH�
V\VWHP��7KH�ORFDO�ILOHV\VWHP�LV�ILQH�IRU�H[SHULPHQWLQJ�ZLWK�\RXU�LQLWLDO�+%DVH�LQVWDOO�
EXW�WKHUHDIWHU��WKH�ILUVW�FRQILJXUDWLRQ�PDGH�LQ�DQ�+%DVH�FOXVWHU�XVXDOO\�LQYROYHV�SRLQWLQJ
+%DVH�DW�WKH�+')6�FOXVWHU�LW�VKRXOG�XVH�

HBase in operation
,QWHUQDOO\��+%DVH�NHHSV�VSHFLDO�FDWDORJ�WDEOHV�QDPHG�-ROOT-�DQG�.META.��ZLWKLQ�ZKLFK
LW�PDLQWDLQV�WKH�FXUUHQW�OLVW��VWDWH��DQG�ORFDWLRQ�RI�DOO�UHJLRQV�DIORDW�RQ�WKH�FOXVWHU��7KH
-ROOT-�WDEOH�KROGV�WKH�OLVW�RI�.META.�WDEOH�UHJLRQV��7KH�.META.�WDEOH�KROGV�WKH�OLVW�RI�DOO
XVHU�VSDFH�UHJLRQV��(QWULHV�LQ�WKHVH�WDEOHV�DUH�NH\HG�E\�UHJLRQ�QDPH��ZKHUH�D�UHJLRQ
QDPH�LV�PDGH�RI�WKH�WDEOH�QDPH�WKH�UHJLRQ�EHORQJV�WR��WKH�UHJLRQ¦V�VWDUW�URZ��LWV�WLPH
RI�FUHDWLRQ��DQG�ILQDOO\��DQ�0'��KDVK�RI�DOO�RI�WKH�IRUPHU��L�H���D�KDVK�RI�WDEOHQDPH�
VWDUW�URZ��DQG�FUHDWLRQ�WLPHVWDPS����$V�QRWHG�SUHYLRXVO\��URZ�NH\V�DUH�VRUWHG��VR�ILQG�
LQJ�WKH�UHJLRQ�WKDW�KRVWV�D�SDUWLFXODU�URZ�LV�D�PDWWHU�RI�D�ORRNXS�WR�ILQG�WKH�ILUVW�HQWU\
ZKRVH� NH\� LV� JUHDWHU� WKDQ� RU� HTXDO� WR� WKDW� RI� WKH� UHTXHVWHG� URZ� NH\�� $V� UHJLRQV
WUDQVLWLRQ¢DUH� VSOLW�� GLVDEOHG�HQDEOHG�� GHOHWHG�� UHGHSOR\HG�E\� WKH� UHJLRQ� ORDG�EDO�
DQFHU��RU�UHGHSOR\HG�GXH�WR�D�UHJLRQVHUYHU�FUDVK¢WKH�FDWDORJ�WDEOHV�DUH�XSGDWHG�VR�WKH
VWDWH�RI�DOO�UHJLRQV�RQ�WKH�FOXVWHU�LV�NHSW�FXUUHQW�

)UHVK�FOLHQWV�FRQQHFW� WR� WKH�=RR.HHSHU�FOXVWHU� ILUVW� WR� OHDUQ� WKH� ORFDWLRQ�RI�-ROOT-�
&OLHQWV�FRQVXOW�-ROOT-�WR�HOLFLW�WKH�ORFDWLRQ�RI�WKH�.META.�UHJLRQ�ZKRVH�VFRSH�FRYHUV
WKDW�RI�WKH�UHTXHVWHG�URZ��7KH�FOLHQW�WKHQ�GRHV�D�ORRNXS�DJDLQVW�WKH�IRXQG�.META.�UHJLRQ
WR�ILJXUH�RXW�WKH�KRVWLQJ�XVHU�VSDFH�UHJLRQ�DQG�LWV�ORFDWLRQ��7KHUHDIWHU��WKH�FOLHQW�LQ�
WHUDFWV�GLUHFWO\�ZLWK�WKH�KRVWLQJ�UHJLRQVHUYHU�

7R�VDYH�RQ�KDYLQJ�WR�PDNH�WKUHH�URXQG�WULSV�SHU�URZ�RSHUDWLRQ��FOLHQWV�FDFKH�DOO�WKH\
OHDUQ�ZKLOH�WUDYHUVLQJ�-ROOT-�DQG�.META.�FDFKLQJ�ORFDWLRQV�DV�ZHOO�DV�XVHU�VSDFH�UHJLRQ
VWDUW�DQG�VWRS�URZV�VR�WKH\�FDQ�ILJXUH�KRVWLQJ�UHJLRQV�WKHPVHOYHV�ZLWKRXW�KDYLQJ�WR�JR

�� +HUH� LV� DQ� H[DPSOH� UHJLRQ� QDPH� IURP� WKH� WDEOH� TestTable� ZKRVH� VWDUW� URZ� LV� xyz�� TestTable,xyz,
1279729913622.1b6e176fb8d8aa88fd4ab6bc80247ece�� $� FRPPD� GHOLPLWV� WKH� WDEOH� QDPH�� VWDUW� URZ�� DQG
WLPHVWDPS��7KH�QDPH�DOZD\V�HQGV�LQ�D�SHULRG�
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EDFN�WR�WKH�.META.�WDEOH��&OLHQWV�FRQWLQXH�WR�XVH�WKH�FDFKHG�HQWU\�DV�WKH\�ZRUN�XQWLO
WKHUH�LV�D�IDXOW��:KHQ�WKLV�KDSSHQV¢L�H���ZKHQ�WKH�UHJLRQ�KDV�PRYHG¢WKH�FOLHQW�FRQ�
VXOWV� WKH�.META.�DJDLQ� WR� OHDUQ� WKH�QHZ� ORFDWLRQ�� ,I� WKH�FRQVXOWHG�.META.� UHJLRQ�KDV
PRYHG��WKHQ�-ROOT-�LV�UHFRQVXOWHG�

:ULWHV�DUULYLQJ�DW�D�UHJLRQVHUYHU�DUH�ILUVW�DSSHQGHG�WR�D�FRPPLW�ORJ�DQG�WKHQ�DUH�DGGHG
WR� DQ� LQ�PHPRU\�PHPVWRUH�� :KHQ� D� PHPVWRUH� ILOOV�� LWV� FRQWHQW� LV� IOXVKHG� WR� WKH
ILOHV\VWHP�

7KH�FRPPLW�ORJ�LV�KRVWHG�RQ�+')6��VR�LW�UHPDLQV�DYDLODEOH�WKURXJK�D�UHJLRQVHUYHU�FUDVK�
:KHQ�WKH�PDVWHU�QRWLFHV�WKDW�D�UHJLRQVHUYHU�LV�QR�ORQJHU�UHDFKDEOH��XVXDOO\�EHFDXVH�WKH
VHUYHUV¦V�]QRGH�KDV�H[SLUHG�LQ�=RR.HHSHU��LW�VSOLWV�WKH�GHDG�UHJLRQVHUYHU¦V�FRPPLW�ORJ
E\�UHJLRQ��2Q�UHDVVLJQPHQW�DQG�EHIRUH�WKH\�ZHUH�RSHQ�IRU�EXVLQHVV��UHJLRQV�WKDW�ZHUH
RQ�WKH�GHDG�UHJLRQVHUYHU�ZLOO�SLFN�XS�WKHLU�MXVW�VSOLW�ILOH�RI�QRW�\HW�SHUVLVWHG�HGLWV�DQG
UHSOD\�WKHP�WR�EULQJ�WKHPVHOYHV�XS�WR�GDWH�ZLWK�WKH�VWDWH�WKH\�KDG�MXVW�EHIRUH�WKH�IDLO�
XUH�

:KHQ�UHDGLQJ��WKH�UHJLRQ¦V�PHPVWRUH�LV�FRQVXOWHG�ILUVW��,I�VXIILFLHQW�YHUVLRQV�DUH�IRXQG
UHDGLQJ�PHPVWRUH�DORQH��WKH�TXHU\�FRPSOHWHV�WKHUH��2WKHUZLVH��IOXVK�ILOHV�DUH�FRQVXOWHG
LQ�RUGHU��IURP�QHZHVW�WR�ROGHVW��HLWKHU�XQWLO�YHUVLRQV�VXIILFLHQW�WR�VDWLVI\�WKH�TXHU\�DUH
IRXQG�RU�XQWLO�ZH�UXQ�RXW�RI�IOXVK�ILOHV�

$�EDFNJURXQG�SURFHVV�FRPSDFWV�IOXVK�ILOHV�RQFH�WKHLU�QXPEHU�KDV�EURDFKHG�D�WKUHVKROG�
UHZULWLQJ�PDQ\�ILOHV�DV�RQH��EHFDXVH�WKH�IHZHU�ILOHV�D�UHDG�FRQVXOWV��WKH�PRUH�SHUIRUPDQW
LW�ZLOO�EH��2Q�FRPSDFWLRQ��WKH�SURFHVV�FOHDQV�RXW�YHUVLRQV�EH\RQG�WKH�VFKHPD�FRQILJ�
XUHG�PD[LPXP��GHOHWHV��DQG�H[SLUHG�FHOOV��$�VHSDUDWH�SURFHVV�UXQQLQJ�LQ�WKH�UHJLRQ�
VHUYHU�PRQLWRUV�IOXVK�ILOH�VL]HV��VSOLWWLQJ�WKH�UHJLRQ�ZKHQ�WKH\�JURZ�LQ�H[FHVV�RI�WKH
FRQILJXUHG�PD[LPXP�

Installation
'RZQORDG�D�VWDEOH�UHOHDVH�IURP�DQ�$SDFKH�'RZQORDG�0LUURU�DQG�XQSDFN�LW�RQ�\RXU
ORFDO�ILOHV\VWHP��)RU�H[DPSOH�

% tar xzf hbase-x.y.z.tar.gz

$V�ZLWK�+DGRRS��\RX�ILUVW�QHHG�WR�WHOO�+%DVH�ZKHUH�-DYD�LV�ORFDWHG�RQ�\RXU�V\VWHP��,I
\RX�KDYH�WKH�JAVA_HOME�HQYLURQPHQW�YDULDEOH�VHW�WR�SRLQW�WR�D�VXLWDEOH�-DYD�LQVWDOODWLRQ�
WKHQ�WKDW�ZLOO�EH�XVHG��DQG�\RX�GRQ¦W�KDYH�WR�FRQILJXUH�DQ\WKLQJ�IXUWKHU��2WKHUZLVH�
\RX�FDQ�VHW�WKH�-DYD�LQVWDOODWLRQ�WKDW�+%DVH�XVHV�E\�HGLWLQJ�+%DVH¦V�FRQI�KEDVH�HQY�VK
DQG�VSHFLI\LQJ�WKH�JAVA_HOME�YDULDEOH��VHH�$SSHQGL[�$�IRU�VRPH�H[DPSOHV��WR�SRLQW�WR
YHUVLRQ�������RI�-DYD�

+%DVH��MXVW�OLNH�+DGRRS��UHTXLUHV�-DYD���
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)RU� FRQYHQLHQFH�� DGG� WKH�+%DVH� ELQDU\� GLUHFWRU\� WR� \RXU� FRPPDQG�OLQH� SDWK�� )RU
H[DPSOH�

% export HBASE_HOME=/home/hbase/hbase-x.y.z
% export PATH=$PATH:$HBASE_HOME/bin

7R�JHW�WKH�OLVW�RI�+%DVH�RSWLRQV��W\SH�

% hbase
Usage: hbase <command>
where <command> is one of:
  shell            run the HBase shell
  master           run an HBase HMaster node
  regionserver     run an HBase HRegionServer node
  zookeeper        run a Zookeeper server
  rest             run an HBase REST server
  thrift           run an HBase Thrift server
  avro             run an HBase Avro server
  migrate          upgrade an hbase.rootdir
  hbck             run the hbase 'fsck' tool
 or
  CLASSNAME        run the class named CLASSNAME
Most commands print help when invoked w/o parameters.

Test Drive
7R�VWDUW�D�WHPSRUDU\�LQVWDQFH�RI�+%DVH�WKDW�XVHV�WKH��WPS�GLUHFWRU\�RQ�WKH�ORFDO�ILOH�
V\VWHP�IRU�SHUVLVWHQFH��W\SH�

% start-hbase.sh

7KLV�ZLOO�ODXQFK�D�VWDQGDORQH�+%DVH�LQVWDQFH�WKDW�SHUVLVWV�WR�WKH�ORFDO�ILOHV\VWHP��E\
GHIDXOW��+%DVH�ZLOO�ZULWH�WR��WPS�KEDVH��^86(5,'`��

7R�DGPLQLVWHU�\RXU�+%DVH�LQVWDQFH��ODXQFK�WKH�+%DVH�VKHOO�E\�W\SLQJ�

% hbase shell
HBase Shell; enter 'help<RETURN>' for list of supported commands.
Type "exit<RETURN>" to leave the HBase Shell
Version: 0.89.0-SNAPSHOT, ra4ea1a9a7b074a2e5b7b24f761302d4ea28ed1b2, Sun Jul 18
15:01:50 PDT 2010 hbase(main):001:0>

7KLV�ZLOO�EULQJ�XS�D�-5XE\�,5%�LQWHUSUHWHU�WKDW�KDV�KDG�VRPH�+%DVH�VSHFLILF�FRPPDQGV
DGGHG�WR�LW��7\SH�help�DQG�WKHQ�SUHVV�5(7851�WR�VHH�WKH�OLVW�RI�VKHOO�FRPPDQGV�JURX�
SHG�LQWR�FDWHJRULHV��7\SH�help COMMAND_GROUP�IRU�KHOS�E\�FDWHJRU\�RU�help COMMAND�IRU
KHOS�RQ�D�VSHFLILF�FRPPDQG�DQG�H[DPSOH�XVDJH��&RPPDQGV�XVH�5XE\�IRUPDWWLQJ�WR
VSHFLI\�OLVWV�DQG�GLFWLRQDULHV��6HH�WKH�HQG�RI�WKH�PDLQ�KHOS�VFUHHQ�IRU�D�TXLFN�WXWRULDO�

1RZ�OHW�XV�FUHDWH�D�VLPSOH�WDEOH��DGG�VRPH�GDWD��DQG�WKHQ�FOHDQ�XS�

�� ,Q�VWDQGDORQH�PRGH��WKH�+%DVH�PDVWHU��UHJLRQVHUYHU��DQG�D�=RR.HHSHU�LQVWDQFH�DUH�DOO�UXQ�LQ�WKH�VDPH
-90�
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7R�FUHDWH�D�WDEOH��\RX�PXVW�QDPH�\RXU�WDEOH�DQG�GHILQH�LWV�VFKHPD��$�WDEOH¦V�VFKHPD
FRPSULVHV� WDEOH� DWWULEXWHV� DQG� WKH� OLVW� RI� WDEOH� FROXPQ� IDPLOLHV�� &ROXPQ� IDPLOLHV
WKHPVHOYHV�KDYH�DWWULEXWHV�WKDW�\RX�LQ�WXUQ�VHW�DW�VFKHPD�GHILQLWLRQ�WLPH��([DPSOHV�RI
FROXPQ�IDPLO\�DWWULEXWHV�LQFOXGH�ZKHWKHU�WKH�IDPLO\�FRQWHQW�VKRXOG�EH�FRPSUHVVHG�RQ
WKH�ILOHV\VWHP�DQG�KRZ�PDQ\�YHUVLRQV�RI�D�FHOO�WR�NHHS��6FKHPDV�FDQ�EH�HGLWHG�ODWHU�E\
RIIOLQLQJ�WKH�WDEOH�XVLQJ�WKH�VKHOO�disable�FRPPDQG��PDNLQJ�WKH�QHFHVVDU\�DOWHUDWLRQV
XVLQJ�alter��WKHQ�SXWWLQJ�WKH�WDEOH�EDFN�RQOLQH�ZLWK�enable�

7R�FUHDWH�D�WDEOH�QDPHG�test�ZLWK�D�VLQJOH�FROXPQ�IDPLO\�QDPHG�data�XVLQJ�GHIDXOWV
IRU�WDEOH�DQG�FROXPQ�IDPLO\�DWWULEXWHV��HQWHU�

hbase(main):007:0> create 'test', 'data'
0 row(s) in 1.3066 seconds

,I�WKH�SUHYLRXV�FRPPDQG�GRHV�QRW�FRPSOHWH�VXFFHVVIXOO\��DQG�WKH�VKHOO
GLVSOD\V�DQ�HUURU�DQG�D�VWDFN�WUDFH��\RXU�LQVWDOO�ZDV�QRW�VXFFHVVIXO��&KHFN
WKH�PDVWHU�ORJV�XQGHU�WKH�+%DVH�ORJV�GLUHFWRU\¢WKH�GHIDXOW�ORFDWLRQ�IRU
WKH� ORJV� GLUHFWRU\� LV��^+%$6(B+20(`�ORJV¢IRU� D� FOXH� DV� WR�ZKHUH
WKLQJV�ZHQW�DZU\�

6HH�WKH�help�RXWSXW�IRU�H[DPSOHV�RI�DGGLQJ�WDEOH�DQG�FROXPQ�IDPLO\�DWWULEXWHV�ZKHQ
VSHFLI\LQJ�D�VFKHPD�

7R�SURYH� WKH�QHZ�WDEOH�ZDV�FUHDWHG�VXFFHVVIXOO\�� UXQ� WKH�list� FRPPDQG��7KLV�ZLOO
RXWSXW�DOO�WDEOHV�LQ�XVHU�VSDFH�

hbase(main):019:0> list
test                                                                                                          
1 row(s) in 0.1485 seconds

7R�LQVHUW�GDWD�LQWR�WKUHH�GLIIHUHQW�URZV�DQG�FROXPQV�LQ�WKH�data�FROXPQ�IDPLO\��DQG
WKHQ�OLVW�WKH�WDEOH�FRQWHQW��GR�WKH�IROORZLQJ�

hbase(main):021:0> put 'test', 'row1', 'data:1', 'value1'
0 row(s) in 0.0454 seconds
hbase(main):022:0> put 'test', 'row2', 'data:2', 'value2'
0 row(s) in 0.0035 seconds
hbase(main):023:0> put 'test', 'row3', 'data:3', 'value3'
0 row(s) in 0.0090 seconds
hbase(main):024:0> scan 'test'
ROW                          COLUMN+CELL                                                                      
 row1                        column=data:1, timestamp=1240148026198, value=value1                             
 row2                        column=data:2, timestamp=1240148040035, value=value2                             
 row3                        column=data:3, timestamp=1240148047497, value=value3                             
3 row(s) in 0.0825 seconds

1RWLFH�KRZ�ZH�DGGHG�WKUHH�QHZ�FROXPQV�ZLWKRXW�FKDQJLQJ�WKH�VFKHPD�

7R�UHPRYH�WKH�WDEOH��\RX�PXVW�ILUVW�GLVDEOH�LW�EHIRUH�GURSSLQJ�LW�

hbase(main):025:0> disable 'test'
09/04/19 06:40:13 INFO client.HBaseAdmin: Disabled test
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0 row(s) in 6.0426 seconds
hbase(main):026:0> drop 'test'
09/04/19 06:40:17 INFO client.HBaseAdmin: Deleted test
0 row(s) in 0.0210 seconds
hbase(main):027:0> list
0 row(s) in 2.0645 seconds

6KXW�GRZQ�\RXU�+%DVH�LQVWDQFH�E\�UXQQLQJ�

% stop-hbase.sh

7R�OHDUQ�KRZ�WR�VHW�XS�D�GLVWULEXWHG�+%DVH�DQG�SRLQW�LW�DW�D�UXQQLQJ�+')6��VHH�WKH
*HWWLQJ�6WDUWHG�VHFWLRQ�RI�WKH�+%DVH�GRFXPHQWDWLRQ�

Clients
7KHUH�DUH�D�QXPEHU�RI�FOLHQW�RSWLRQV�IRU�LQWHUDFWLQJ�ZLWK�DQ�+%DVH�FOXVWHU�

Java
+%DVH��OLNH�+DGRRS��LV�ZULWWHQ�LQ�-DYD��([DPSOH������VKRZV�WKH�-DYD�YHUVLRQ�RI�KRZ
\RX�ZRXOG�GR�WKH�VKHOO�RSHUDWLRQV�OLVWHG�SUHYLRXVO\�LQ�£7HVW�'ULYH¤�RQ�SDJH�����

([DPSOH�������%DVLF�WDEOH�DGPLQLVWUDWLRQ�DQG�DFFHVV

public class ExampleClient {
  public static void main(String[] args) throws IOException {
    Configuration config = HBaseConfiguration.create();

    // Create table
    HBaseAdmin admin = new HBaseAdmin(config);
    HTableDescriptor htd = new HTableDescriptor("test");
    HColumnDescriptor hcd = new HColumnDescriptor("data");
    htd.addFamily(hcd);
    admin.createTable(htd);
    byte [] tablename = htd.getName();
    HTableDescriptor [] tables = admin.listTables();
    if (tables.length != 1 && Bytes.equals(tablename, tables[0].getName())) {
      throw new IOException("Failed create of table");
    }

    // Run some operations -- a put, a get, and a scan -- against the table.
    HTable table = new HTable(config, tablename);
    byte [] row1 = Bytes.toBytes("row1");
    Put p1 = new Put(row1);
    byte [] databytes = Bytes.toBytes("data");
    p1.add(databytes, Bytes.toBytes("1"), Bytes.toBytes("value1"));
    table.put(p1);
    Get g = new Get(row1);
    Result result = table.get(g);
    System.out.println("Get: " + result);
    Scan scan = new Scan();
    ResultScanner scanner = table.getScanner(scan);
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    try {
      for (Result scannerResult: scanner) {
        System.out.println("Scan: " + scannerResult);
      }
    } finally {
      scanner.close();
    }
    
    // Drop the table
    admin.disableTable(tablename);
    admin.deleteTable(tablename);
  }
}

7KLV� FODVV� KDV� D�main�PHWKRG�RQO\�� )RU� WKH� VDNH�RI� EUHYLW\��ZH�GR�QRW� LQFOXGH� WKH
SDFNDJH� QDPH� QRU� LPSRUWV�� ,Q� WKLV� FODVV�� ZH� ILUVW� FUHDWH� DQ� LQVWDQFH� RI�
org.apache.hadoop.conf.Configuration��:H� DVN� WKH� org.apache.hadoop.hbase.HBase
Configuration�FODVV�WR�FUHDWH�WKH�LQVWDQFH��,W�ZLOO�UHWXUQ�D�Configuration�WKDW�KDV�UHDG
WKH�+%DVH�FRQILJXUDWLRQ�IURP�WKH�KEDVH�VLWH�[PO�DQG�KEDVH�GHIDXOW�[PO�ILOHV�IRXQG�RQ
WKH�SURJUDP¦V�FODVVSDWK��7KLV�Configuration�LV�VXEVHTXHQWO\�XVHG�WR�FUHDWH�LQVWDQFHV
RI�HBaseAdmin�DQG�HTable��WZR�FODVVHV�IRXQG�LQ�WKH�org.apache.hadoop.hbase.client
-DYD�SDFNDJH��HBaseAdmin�LV�XVHG�IRU�DGPLQLVWHULQJ�\RXU�+%DVH�FOXVWHU��VSHFLILFDOO\�IRU
DGGLQJ�DQG�GURSSLQJ�WDEOHV��HTable�LV�XVHG�WR�DFFHVV�D�VSHFLILF�WDEOH��7KH�Configura
tion�LQVWDQFH�SRLQWV�WKHVH�FODVVHV�DW�WKH�FOXVWHU�WKH�FRGH�LV�WR�ZRUN�DJDLQVW�

7R�FUHDWH�D�WDEOH��ZH�ILUVW�QHHG�WR�FUHDWH�DQ�LQVWDQFH�RI�HBaseAdmin�DQG�WKHQ�DVN�LW�WR
FUHDWH�WKH�WDEOH�QDPHG�test�ZLWK�D�VLQJOH�FROXPQ�IDPLO\�QDPHG�data��,Q�RXU�H[DPSOH�
RXU�WDEOH�VFKHPD�LV�WKH�GHIDXOW��8VH�PHWKRGV�RQ org.apache.hadoop.hbase.HTableDe
scriptor�DQG�org.apache.hadoop.hbase.HColumnDescriptor�WR�FKDQJH�WKH�WDEOH�VFKHPD�
1H[W��WKH�FRGH�DVVHUWV�WKH�WDEOH�ZDV�DFWXDOO\�FUHDWHG��DQG�WKHQ�LW�PRYHV�WR�UXQ�RSHUD�
WLRQV�DJDLQVW�WKH�MXVW�FUHDWHG�WDEOH�

2SHUDWLQJ� RQ� D� WDEOH�� ZH� ZLOO� QHHG� DQ� LQVWDQFH� RI� org.apache.hadoop.hbase.cli
ent.HTable��SDVVLQJ�LW�RXU�Configuration�LQVWDQFH�DQG�WKH�QDPH�RI�WKH�WDEOH�ZH�ZDQW
WR� RSHUDWH� RQ�� $IWHU� FUHDWLQJ� DQ� HTable�� ZH� WKHQ� FUHDWH� DQ� LQVWDQFH� RI
org.apache.hadoop.hbase.client��Put�SXWV�D�VLQJOH�FHOO�YDOXH�RI�value1�LQWR�D�URZ�QDPHG
row1�RQ�WKH�FROXPQ�QDPHG�data:1���7KH�FROXPQ�QDPH�LV�VSHFLILHG�LQ�WZR�SDUWV��WKH
FROXPQ�IDPLO\�QDPH�DV�E\WHV¢databytes�LQ�WKH�SUHFHGLQJ�FRGH¢DQG�WKHQ�WKH�FROXPQ
IDPLO\� TXDOLILHU�� VSHFLILHG� DV� Bytes.toBytes("1")��� 1H[W�� ZH� FUHDWH� DQ� org.
apache.hadoop.hbase.client.Get��GR�D�JHW�RI�WKH�MXVW�DGGHG�FHOO��DQG�WKHQ�XVH�DQ�org.
apache.hadoop.hbase.client.Scan�WR�VFDQ�RYHU�WKH�WDEOH�DJDLQVW�WKH�MXVW�FUHDWHG�WDEOH�
SULQWLQJ�RXW�ZKDW�ZH�ILQG�

)LQDOO\��ZH�FOHDQ�XS�E\�ILUVW�GLVDEOLQJ�WKH�WDEOH�DQG�WKHQ�GHOHWLQJ�LW��$�WDEOH�PXVW�EH
GLVDEOHG�EHIRUH�LW�FDQ�EH�GURSSHG�
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MapReduce
+%DVH�FODVVHV�DQG�XWLOLWLHV�LQ�WKH�org.apache.hadoop.hbase.mapreduce�SDFNDJH�IDFLOLWDWH
XVLQJ�+%DVH�DV�D�VRXUFH�DQG�RU�VLQN�LQ�0DS5HGXFH�MREV��7KH�TableInputFormat�FODVV
PDNHV�VSOLWV�RQ�UHJLRQ�ERXQGDULHV�VR�PDSV�DUH�KDQGHG�D�VLQJOH�UHJLRQ�WR�ZRUN�RQ��7KH�
TableOutputFormat�ZLOO�ZULWH�WKH�UHVXOW�RI�WKH�UHGXFH�LQWR�+%DVH��7KH�RowCounter�FODVV
LQ�([DPSOH�������ZKLFK�FDQ�EH�IRXQG�LQ�WKH�+%DVH�mapreduce�SDFNDJH��UXQV�D�PDS�WDVN
WR�FRXQW�URZV�XVLQJ�TableInputFormat�

([DPSOH�������$�0DS5HGXFH�DSSOLFDWLRQ�WR�FRXQW�WKH�QXPEHU�RI�URZV�LQ�DQ�+%DVH�WDEOH

public class RowCounter {
  /** Name of this 'program'. */
  static final String NAME = "rowcounter";

  static class RowCounterMapper
  extends TableMapper<ImmutableBytesWritable, Result> {
    /** Counter enumeration to count the actual rows. */
    public static enum Counters {ROWS}

    @Override
    public void map(ImmutableBytesWritable row, Result values,
      Context context)
    throws IOException {
      for (KeyValue value: values.list()) {
        if (value.getValue().length > 0) {
          context.getCounter(Counters.ROWS).increment(1);
          break;
        }
      }
    }
  }

  public static Job createSubmittableJob(Configuration conf, String[] args)
  throws IOException {
    String tableName = args[0];
    Job job = new Job(conf, NAME + "_" + tableName);
    job.setJarByClass(RowCounter.class);
    // Columns are space delimited
    StringBuilder sb = new StringBuilder();
    final int columnoffset = 1;
    for (int i = columnoffset; i < args.length; i++) {
      if (i > columnoffset) {
        sb.append(" ");
      }
      sb.append(args[i]);
    }
    Scan scan = new Scan();
    scan.setFilter(new FirstKeyOnlyFilter());
    if (sb.length() > 0) {
      for (String columnName :sb.toString().split(" ")) {
        String [] fields = columnName.split(":");
        if(fields.length == 1) {
          scan.addFamily(Bytes.toBytes(fields[0]));
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        } else {
          scan.addColumn(Bytes.toBytes(fields[0]), Bytes.toBytes(fields[1]));
        }
      }
    }
    // Second argument is the table name.
    job.setOutputFormatClass(NullOutputFormat.class);
    TableMapReduceUtil.initTableMapperJob(tableName, scan,
      RowCounterMapper.class, ImmutableBytesWritable.class, Result.class, job);
    job.setNumReduceTasks(0);
    return job;
  }

  public static void main(String[] args) throws Exception {
    Configuration conf = HBaseConfiguration.create();
    String[] otherArgs = new GenericOptionsParser(conf, args).getRemainingArgs();
    if (otherArgs.length < 1) {
      System.err.println("ERROR: Wrong number of parameters: " + args.length);
      System.err.println("Usage: RowCounter <tablename> [<column1> <column2>...]");
      System.exit(-1);
    }
    Job job = createSubmittableJob(conf, otherArgs);
    System.exit(job.waitForCompletion(true) ? 0 : 1);
  }
}

7KLV�FODVV�XVHV�GenericOptionsParser��ZKLFK�LV�GLVFXVVHG�LQ�£*HQHULF2SWLRQV3DUVHU�
7RRO��DQG�7RRO5XQQHU¤�RQ�SDJH������IRU�SDUVLQJ�FRPPDQG�OLQH�DUJXPHQWV��7KH�Row
CounterMapper�LQQHU�FODVV�LPSOHPHQWV�WKH�+%DVH�TableMapper�DEVWUDFW��D�VSHFLDOL]DWLRQ
RI� org.apache.hadoop.mapreduce.Mapper� WKDW� VHWV� WKH� PDS� LQSXW� W\SHV� SDVVHG� E\�
TableInputFormat��7KH�createSubmittableJob()�PHWKRG�SDUVHV�DUJXPHQWV�DGGHG�WR�WKH
FRQILJXUDWLRQ�WKDW�ZHUH�SDVVHG�RQ�WKH�FRPPDQG�OLQH�DQG�VSHFLI\�WKH�WDEOH�DQG�FROXPQV
ZH�DUH�WR�UXQ�RowCounter�DJDLQVW��7KH�FROXPQ�QDPHV�DUH�XVHG�WR�FRQILJXUH�DQ�LQVWDQFH
RI�org.apache.hadoop.hbase.client.Scan��ZKLFK� LV�D�VFDQ�REMHFW� WKDW�ZLOO�EH�SDVVHG
WKURXJK�WR�TableInputFormat�DQG�XVHG�IRU�FRQVWUDLQLQJ�ZKDW�RXU�Mapper�VHHV��1RWLFH
KRZ�ZH�VHW�D�ILOWHU��DQ�LQVWDQFH�RI�org.apache.hadoop.hbase.filter.FirstKeyOnlyFil
ter��RQ�WKH�VFDQ��7KLV�ILOWHU�LQVWUXFWV�WKH�VHUYHU�WR�VKRUW�FLUFXLW�ZKHQ�UXQQLQJ�VHUYHU�
VLGH��GRLQJ�QR�PRUH�WKDQ�YHULI\LQJ�D�URZ�KDV�DQ�HQWU\�EHIRUH�UHWXUQLQJ��7KLV�VSHHGV�WKH
URZ� FRXQW�� 7KH� createSubmittableJob()� PHWKRG� DOVR� LQYRNHV� WKH� TableMapReduceU
til.initTableMapJob()�XWLOLW\�PHWKRG��ZKLFK�DPRQJ�RWKHU�WKLQJV��VXFK�DV�VHWWLQJ�WKH
PDS�FODVV�WR�XVH��VHWV�WKH�LQSXW�IRUPDW�WR�TableInputFormat��7KH�PDS�LV�VLPSOH�DQG�MXVW
FKHFNV�IRU�HPSW\�YDOXHV��,I�HPSW\��LW�GRHVQ¦W�FRXQW�WKH�URZ��2WKHUZLVH��LW�LQFUHPHQWV
Counters.ROWS�E\�RQH�

Avro, REST, and Thrift
+%DVH�VKLSV�ZLWK�$YUR��5(67��DQG�7KULIW�LQWHUIDFHV��7KHVH�DUH�XVHIXO�ZKHQ�WKH�LQWHU�
DFWLQJ�DSSOLFDWLRQ�LV�ZULWWHQ�LQ�D�ODQJXDJH�RWKHU�WKDQ�-DYD��,Q�DOO�FDVHV��D�-DYD�VHUYHU
KRVWV�DQ�LQVWDQFH�RI�WKH�+%DVH�FOLHQW�EURNHULQJ�$YUR��5(67��DQG�7KULIW�DSSOLFDWLRQ
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UHTXHVWV�LQ�DQG�RXW�RI�WKH�+%DVH�FOXVWHU��7KLV�H[WUD�ZRUN�WR�SUR[\�UHTXHVWV�DQG�UH�
VSRQVHV�PHDQV�WKHVH�LQWHUIDFHV�DUH�VORZHU�WKDQ�XVLQJ�WKH�-DYD�FOLHQW�GLUHFWO\�

REST
7R�SXW�XS�D�VWDUJDWH�LQVWDQFH��VWDUJDWH�LV�WKH�QDPH�IRU�WKH�+%DVH�5(67�VHUYLFH���VWDUW
LW�XVLQJ�WKH�IROORZLQJ�FRPPDQG�

% hbase-daemon.sh start rest

7KLV�ZLOO�VWDUW�D�VHUYHU�LQVWDQFH��E\�GHIDXOW�RQ�SRUW��������EDFNJURXQG�LW��DQG�FDWFK�DQ\
HPLVVLRQV�E\�WKH�VHUYHU�LQ�ORJILOHV�XQGHU�WKH�+%DVH�ORJV�GLUHFWRU\�

&OLHQWV�FDQ�DVN�IRU�WKH�UHVSRQVH�WR�EH�IRUPDWWHG�DV�-621��*RRJOH¦V�SURWREXIV��RU�DV
;0/��GHSHQGLQJ�RQ�KRZ� WKH�FOLHQW�+773�$FFHSW�KHDGHU� LV� VHW�� 6HH� WKH�5(67�ZLNL
SDJH�IRU�GRFXPHQWDWLRQ�DQG�H[DPSOHV�RI�PDNLQJ�5(67�FOLHQW�UHTXHVWV�

7R�VWRS�WKH�5(67�VHUYHU��W\SH�

% hbase-daemon.sh stop rest

Thrift
6LPLODUO\��VWDUW�D�7KULIW�VHUYLFH�E\�SXWWLQJ�XS�D�VHUYHU�WR�ILHOG�7KULIW�FOLHQWV�E\�UXQQLQJ
WKH�IROORZLQJ�

% hbase-daemon.sh start thrift

7KLV�ZLOO�VWDUW�WKH�VHUYHU�LQVWDQFH��E\�GHIDXOW�RQ�SRUW��������EDFNJURXQG�LW��DQG�FDWFK
DQ\�HPLVVLRQV�E\�WKH�VHUYHU�LQ�ORJILOHV�XQGHU�WKH�+%DVH�ORJV�GLUHFWRU\��7KH�+%DVH�7KULIW
GRFXPHQWDWLRQ��QRWHV�WKDW�WKH�7KULIW�YHUVLRQ�XVHV�JHQHUDWLQJ�FODVVHV��7KH�+%DVH�7KULIW
,'/�FDQ�EH�IRXQG�DW�VUF�PDLQ�UHVRXUFHV�RUJ�DSDFKH�KDGRRS�KEDVH�WKULIW�+EDVH�WKULIW�LQ
WKH�+%DVH�VRXUFH�FRGH�

7R�VWRS�WKH�7KULIW�VHUYHU��W\SH�

% hbase-daemon.sh stop thrift

Avro
7KH�$YUR�VHUYHU�LV�VWDUWHG�DQG�VWRSSHG�LQ�WKH�VDPH�PDQQHU�DV�\RX¦G�VWDUW�DQG�VWRS�WKH
7KULIW�RU�5(67�VHUYLFHV��7KH�$YUR�VHUYHU�XVHV�SRUW������E\�GHIDXOW��WKH�VDPH�DV�WKH
7KULIW�VHUYHU��DOWKRXJK�\RX�ZRXOGQ¦W�QRUPDOO\�UXQ�ERWK��

�� KWWS���KEDVH�DSDFKH�RUJ�GRFV�FXUUHQW�DSL�RUJ�DSDFKH�KDGRRS�KEDVH�WKULIW�SDFNDJH�VXPPDU\�KWPO
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Example
$OWKRXJK�+')6�DQG�0DS5HGXFH�DUH�SRZHUIXO�WRROV�IRU�SURFHVVLQJ�EDWFK�RSHUDWLRQV
RYHU�ODUJH�GDWDVHWV��WKH\�GR�QRW�SURYLGH�ZD\V�WR�UHDG�RU�ZULWH�LQGLYLGXDO�UHFRUGV�HIIL�
FLHQWO\��,Q�WKLV�H[DPSOH��ZH¦OO�H[SORUH�XVLQJ�+%DVH�DV�WKH�WRRO�WR�ILOO�WKLV�JDS�

7KH�H[LVWLQJ�ZHDWKHU�GDWDVHW�GHVFULEHG�LQ�SUHYLRXV�FKDSWHUV�FRQWDLQV�REVHUYDWLRQV�IRU
WHQV�RI�WKRXVDQGV�RI�VWDWLRQV�RYHU�����\HDUV��DQG�WKLV�GDWD�LV�JURZLQJ�ZLWKRXW�ERXQG�
,Q�WKLV�H[DPSOH��ZH�ZLOO�EXLOG�D�VLPSOH�ZHE�LQWHUIDFH�WKDW�DOORZV�D�XVHU�WR�QDYLJDWH�WKH
GLIIHUHQW�VWDWLRQV�DQG�SDJH�WKURXJK�WKHLU�KLVWRULFDO�WHPSHUDWXUH�REVHUYDWLRQV�LQ�WLPH
RUGHU��)RU�WKH�VDNH�RI�WKLV�H[DPSOH��OHW�XV�DOORZ�WKDW�WKH�GDWDVHW�LV�PDVVLYH��WKDW�WKH
REVHUYDWLRQV�UXQ�WR�WKH�ELOOLRQV��DQG�WKDW�WKH�UDWH�DW�ZKLFK�WHPSHUDWXUH�XSGDWHV�DUULYH
LV� VLJQLILFDQW¢VD\��KXQGUHGV� WR� WKRXVDQGV�RI�XSGDWHV�SHU� VHFRQG� IURP�DURXQG� WKH
ZRUOG�DQG�DFURVV�WKH�ZKROH�UDQJH�RI�ZHDWKHU�VWDWLRQV��$OVR�� OHW�XV�DOORZ�WKDW�LW� LV�D
UHTXLUHPHQW�WKDW�WKH�ZHE�DSSOLFDWLRQ�PXVW�GLVSOD\�WKH�PRVW�XS�WR�GDWH�REVHUYDWLRQ
ZLWKLQ�D�VHFRQG�RU�VR�RI�UHFHLSW�

7KH�ILUVW�VL]H�UHTXLUHPHQW�VKRXOG�SUHFOXGH�RXU�XVH�RI�D�VLPSOH�5'%06�LQVWDQFH�DQG
PDNH�+%DVH�D�FDQGLGDWH�VWRUH��7KH�VHFRQG�ODWHQF\�UHTXLUHPHQW�UXOHV�RXW�SODLQ�+')6�
$�0DS5HGXFH�MRE�FRXOG�EXLOG�LQLWLDO�LQGLFHV�WKDW�DOORZHG�UDQGRP�DFFHVV�RYHU�DOO�RI�WKH
REVHUYDWLRQ�GDWD��EXW�NHHSLQJ�XS�WKLV�LQGH[�DV�WKH�XSGDWHV�DUULYHG�LV�QRW�ZKDW�+')6
DQG�0DS5HGXFH�DUH�JRRG�DW�

Schemas
,Q�RXU�H[DPSOH��WKHUH�ZLOO�EH�WZR�WDEOHV�

stations
7KLV�WDEOH�KROGV�VWDWLRQ�GDWD��/HW�WKH�URZ�NH\�EH�WKH�stationid��/HW�WKLV�WDEOH�KDYH
D�FROXPQ�IDPLO\�info�WKDW�DFWV�DV�D�NH\�YDOXH�GLFWLRQDU\�IRU�VWDWLRQ�LQIRUPDWLRQ�
/HW� WKH� GLFWLRQDU\� NH\V� EH� WKH� FROXPQ� QDPHV� info:name�� info:location�� DQG
info:description��7KLV�WDEOH�LV�VWDWLF��DQG�LQ�WKLV�FDVH��WKH�LQIR�IDPLO\�FORVHO\�PLU�
URUV�D�W\SLFDO�5'%06�WDEOH�GHVLJQ�

observations
7KLV�WDEOH�KROGV�WHPSHUDWXUH�REVHUYDWLRQV��/HW�WKH�URZ�NH\�EH�D�FRPSRVLWH�NH\�RI
stationid�SOXV�D�UHYHUVH�RUGHU�WLPHVWDPS��*LYH�WKLV�WDEOH�D�FROXPQ�IDPLO\�data�WKDW
ZLOO�FRQWDLQ�RQH�FROXPQ��airtemp��ZLWK�WKH�REVHUYHG�WHPSHUDWXUH�DV�WKH�FROXPQ
YDOXH�

2XU�FKRLFH�RI�VFKHPD�LV�GHULYHG�IURP�NQRZLQJ�WKH�PRVW�HIILFLHQW�ZD\�ZH�FDQ�UHDG�IURP
+%DVH��5RZV�DQG�FROXPQV�DUH�VWRUHG�LQ�LQFUHDVLQJ�OH[LFRJUDSKLFDO�RUGHU��7KRXJK�WKHUH
DUH�IDFLOLWLHV�IRU�VHFRQGDU\�LQGH[LQJ�DQG�UHJXODU�H[SUHVVLRQ�PDWFKLQJ��WKH\�FRPH�DW�D
SHUIRUPDQFH�SHQDOW\��,W�LV�YLWDO�WKDW�\RX�XQGHUVWDQG�WKH�PRVW�HIILFLHQW�ZD\�WR�TXHU\
\RXU�GDWD�LQ�RUGHU�WR�FKRRVH�WKH�PRVW�HIIHFWLYH�VHWXS�IRU�VWRULQJ�DQG�DFFHVVLQJ�
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)RU�WKH�stations�WDEOH��WKH�FKRLFH�RI�stationid�DV�WKH�NH\�LV�REYLRXV�EHFDXVH�ZH�ZLOO
DOZD\V�DFFHVV�LQIRUPDWLRQ�IRU�D�SDUWLFXODU�VWDWLRQ�E\�LWV�,'��7KH�observations�WDEOH�
KRZHYHU��XVHV�D�FRPSRVLWH�NH\�WKDW�DGGV�WKH�REVHUYDWLRQ�WLPHVWDPS�DW�WKH�HQG��7KLV
ZLOO�JURXS�DOO�REVHUYDWLRQV�IRU�D�SDUWLFXODU�VWDWLRQ�WRJHWKHU��DQG�E\�XVLQJ�D�UHYHUVH�RUGHU
WLPHVWDPS��Long.MAX_VALUE - epoch��DQG�VWRULQJ� LW�DV�ELQDU\��REVHUYDWLRQV�IRU�HDFK
VWDWLRQ�ZLOO�EH�RUGHUHG�ZLWK�PRVW�UHFHQW�REVHUYDWLRQ�ILUVW�

,Q�WKH�VKHOO��\RX�ZRXOG�GHILQH�\RXU�WDEOHV�DV�IROORZV�

hbase(main):036:0> create 'stations', {NAME => 'info', VERSIONS => 1}
0 row(s) in 0.1304 seconds
hbase(main):037:0> create 'observations', {NAME => 'data', VERSIONS => 1}
0 row(s) in 0.1332 seconds

,Q�ERWK�FDVHV��ZH�DUH�LQWHUHVWHG�RQO\�LQ�WKH�ODWHVW�YHUVLRQ�RI�D�WDEOH�FHOO��VR�VHW�VERSIONS�WR
1��WKH�GHIDXOW�LV����

Loading Data
7KHUH�DUH�D�UHODWLYHO\�VPDOO�QXPEHU�RI�VWDWLRQV��VR�WKHLU�VWDWLF�GDWD�LV�HDVLO\�LQVHUWHG
XVLQJ�DQ\�RI�WKH�DYDLODEOH�LQWHUIDFHV�

+RZHYHU��OHW¦V�DVVXPH�WKDW�WKHUH�DUH�ELOOLRQV�RI�LQGLYLGXDO�REVHUYDWLRQV�WR�EH�ORDGHG�
7KLV�NLQG�RI�LPSRUW�LV�QRUPDOO\�DQ�H[WUHPHO\�FRPSOH[�DQG�ORQJ�UXQQLQJ�GDWDEDVH�RS�
HUDWLRQ��EXW�0DS5HGXFH�DQG�+%DVH¦V�GLVWULEXWLRQ�PRGHO�DOORZ�XV�WR�PDNH�IXOO�XVH�RI
WKH�FOXVWHU��&RS\�WKH�UDZ�LQSXW�GDWD�RQWR�+')6��DQG�WKHQ�UXQ�D�0DS5HGXFH�MRE�WKDW
FDQ�UHDG�WKH�LQSXW�DQG�ZULWH�WR�+%DVH�

([DPSOH������VKRZV�DQ�H[DPSOH�0DS5HGXFH�MRE�WKDW�LPSRUWV�REVHUYDWLRQV�WR�+%DVH
IURP�WKH�VDPH�LQSXW�ILOH�XVHG�LQ�WKH�SUHYLRXV�FKDSWHUV¦�H[DPSOHV�

([DPSOH�������$�0DS5HGXFH�DSSOLFDWLRQ�WR�LPSRUW�WHPSHUDWXUH�GDWD�IURP�+')6�LQWR�DQ�+%DVH�WDEOH

public class HBaseTemperatureImporter extends Configured implements Tool {
  
  // Inner-class for map
  static class HBaseTemperatureMapper<K, V> extends MapReduceBase implements
      Mapper<LongWritable, Text, K, V> {
    private NcdcRecordParser parser = new NcdcRecordParser();
    private HTable table;

    public void map(LongWritable key, Text value,
      OutputCollector<K, V> output, Reporter reporter)
    throws IOException {
      parser.parse(value.toString());
      if (parser.isValidTemperature()) {
        byte[] rowKey = RowKeyConverter.makeObservationRowKey(parser.getStationId(),
          parser.getObservationDate().getTime());
        Put p = new Put(rowKey);
        p.add(HBaseTemperatureCli.DATA_COLUMNFAMILY,
          HBaseTemperatureCli.AIRTEMP_QUALIFIER,
          Bytes.toBytes(parser.getAirTemperature()));

Example | 473



        table.put(p);
      }
    }

    public void configure(JobConf jc) {
      super.configure(jc);
      // Create the HBase table client once up-front and keep it around
      // rather than create on each map invocation.
      try {
        this.table = new HTable(new HBaseConfiguration(jc), "observations");
      } catch (IOException e) {
        throw new RuntimeException("Failed HTable construction", e);
      }
    }

    @Override
    public void close() throws IOException {
      super.close();
      table.close();
    }
  }

  public int run(String[] args) throws IOException {
    if (args.length != 1) {
      System.err.println("Usage: HBaseTemperatureImporter <input>");
      return -1;
    }
    JobConf jc = new JobConf(getConf(), getClass());
    FileInputFormat.addInputPath(jc, new Path(args[0]));
    jc.setMapperClass(HBaseTemperatureMapper.class);
    jc.setNumReduceTasks(0);
    jc.setOutputFormat(NullOutputFormat.class);
    JobClient.runJob(jc);
    return 0;
  }

  public static void main(String[] args) throws Exception {
    int exitCode = ToolRunner.run(new HBaseConfiguration(),
        new HBaseTemperatureImporter(), args);
    System.exit(exitCode);
  }
}

HBaseTemperatureImporter�KDV�DQ�LQQHU�FODVV�QDPHG�HBaseTemperatureMapper�WKDW�LV�OLNH
WKH�MaxTemperatureMapper�FODVV�IURP�&KDSWHU����7KH�RXWHU�FODVV�LPSOHPHQWV�Tool�DQG
GRHV�WKH�VHWXS�WR�ODXQFK�WKH�HBaseTemperatureMapper�LQQHU�FODVV��HBaseTemperatureMap
per�WDNHV�WKH�VDPH�LQSXW�DV�MaxTemperatureMapper�DQG�GRHV�WKH�VDPH�SDUVH¢XVLQJ�WKH�
NcdcRecordParser�LQWURGXFHG�LQ�&KDSWHU��¢WR�FKHFN�IRU�YDOLG�WHPSHUDWXUHV��EXW�UDWKHU
WKDQ� DGG� YDOLG� WHPSHUDWXUHV� WR� WKH� RXWSXW� FROOHFWRU� DV� MaxTemperatureMapper� GRHV�
LQVWHDG�LW�DGGV�YDOLG�WHPSHUDWXUHV�WR�WKH�observations�+%DVH�WDEOH�LQWR�WKH�GDWD�DLU�
WHPS�FROXPQ���:H�DUH�XVLQJ�VWDWLF�FRQVWDQWV�IRU�data�DQG�airtemp��LPSRUWHG�IURP�WKH�
HBaseTemperatureCli�FODVV�GHVFULEHG�ODWHU���,Q�WKH�configure()�PHWKRG��ZH�FUHDWH�DQ�
HTable� LQVWDQFH� RQFH� DJDLQVW� WKH� observations� WDEOH� DQG� XVH� LW� DIWHUZDUG� LQ� PDS
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LQYRFDWLRQV�WDONLQJ�WR�+%DVH��)LQDOO\��ZH�FDOO�close()�RQ�RXU�HTable�LQVWDQFH�WR�IOXVK
RXW�DQ\�ZULWH�EXIIHUV�QRW�\HW�FOHDUHG�

7KH� URZ� NH\� XVHG� LV� FUHDWHG� LQ� WKH� makeObservationRowKey()� PHWKRG� RQ� RowKey
Converter�IURP�WKH�VWDWLRQ�,'�DQG�REVHUYDWLRQ�WLPH�

public class RowKeyConverter {

  private static final int STATION_ID_LENGTH = 12;

  /**
   * @return A row key whose format is: <station_id> <reverse_order_epoch>
   */
  public static byte[] makeObservationRowKey(String stationId,
      long observationTime) {
    byte[] row = new byte[STATION_ID_LENGTH + Bytes.SIZEOF_LONG];
    Bytes.putBytes(row, 0, Bytes.toBytes(stationId), 0, STATION_ID_LENGTH);
    long reverseOrderEpoch = Long.MAX_VALUE - observationTime;
    Bytes.putLong(row, STATION_ID_LENGTH, reverseOrderEpoch);
    return row;
  }

}

7KH�FRQYHUVLRQ�WDNHV�DGYDQWDJH�RI�WKH�IDFW�WKDW�WKH�VWDWLRQ�,'�LV�D�IL[HG�OHQJWK�VWULQJ�
7KH�Bytes�FODVV�XVHG�LQ�makeObservationRowKey()�LV�IURP�WKH�+%DVH�XWLOLW\�SDFNDJH��,W
LQFOXGHV�PHWKRGV�IRU�FRQYHUWLQJ�EHWZHHQ�E\WH�DUUD\V�DQG�FRPPRQ�-DYD�DQG�+DGRRS
W\SHV��,Q�makeObservationRowKey()��WKH�Bytes.putLong() PHWKRG�LV�XVHG�WR�ILOO�WKH�NH\
E\WH�DUUD\��7KH�Bytes.SIZEOF_LONG�FRQVWDQW�LV�XVHG�IRU�VL]LQJ�DQG�SRVLWLRQLQJ�LQ�WKH
URZ�NH\�DUUD\�

:H�FDQ�UXQ�WKH�SURJUDP�ZLWK�WKH�IROORZLQJ�

% hbase HBaseTemperatureImporter input/ncdc/all

Optimization notes

� :DWFK�IRU�WKH�SKHQRPHQRQ�ZKHUH�DQ�LPSRUW�ZDONV�LQ�ORFNVWHS�WKURXJK�WKH�WDEOH�
ZLWK�DOO�FOLHQWV�LQ�FRQFHUW�SRXQGLQJ�RQH�RI�WKH�WDEOH¦V�UHJLRQV��DQG�WKXV��D�VLQJOH
QRGH���WKHQ�PRYLQJ�RQ�WR�WKH�QH[W��DQG�VR�RQ��UDWKHU�WKDQ�HYHQO\�GLVWULEXWLQJ�WKH
ORDG�RYHU�DOO�UHJLRQV��7KLV�LV�XVXDOO\�EURXJKW�RQ�E\�VRPH�LQWHUDFWLRQ�EHWZHHQ�VRUWHG
LQSXW�DQG�KRZ�WKH�VSOLWWHU�ZRUNV��5DQGRPL]LQJ�WKH�RUGHULQJ�RI�\RXU�URZ�NH\V�SULRU
WR�LQVHUWLRQ�PD\�KHOS��,Q�RXU�H[DPSOH��JLYHQ�WKH�GLVWULEXWLRQ�RI�stationid�YDOXHV
DQG� KRZ� TextInputFormat� PDNHV� VSOLWV�� WKH� XSORDG� VKRXOG� EH� VXIILFLHQWO\
GLVWULEXWHG��

�� ,I�D�WDEOH�LV�QHZ��LW�ZLOO�KDYH�RQO\�RQH�UHJLRQ��DQG�LQLWLDOO\�DOO�XSGDWHV�ZLOO�EH�WR�WKLV�VLQJOH�UHJLRQ�XQWLO�LW
VSOLWV��7KLV�ZLOO�KDSSHQ�HYHQ� LI� URZ�NH\V�DUH� UDQGRPO\�GLVWULEXWHG��7KLV�VWDUWXS�SKHQRPHQRQ�PHDQV
XSORDGV�UXQ�VORZO\�DW�ILUVW�XQWLO�WKHUH�DUH�VXIILFLHQW�UHJLRQV�GLVWULEXWHG�VR�DOO�FOXVWHU�PHPEHUV�DUH�DEOH�WR
SDUWLFLSDWH�LQ�WKH�XSORDG��'R�QRW�FRQIXVH�WKLV�SKHQRPHQRQ�ZLWK�WKDW�QRWHG�LQ�WKH�PDLQ�WH[W�
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� 2EWDLQ� RQO\� RQH� HTable� LQVWDQFH� SHU� WDVN�� 7KHUH� LV� D� FRVW� WR� LQVWDQWLDWLQJ� DQ
HTable��VR�LI�\RX�GR�WKLV�IRU�HDFK�LQVHUW��\RX�PD\�KDYH�D�QHJDWLYH�LPSDFW�RQ�SHU�
IRUPDQFH��KHQFH�RXU�VHWXS�RI�HTable�LQ�WKH�configure()�VWHS�

� %\�GHIDXOW��HDFK�HTable.put(put)�DFWXDOO\�SHUIRUPV�WKH�LQVHUW�ZLWKRXW�DQ\�EXIIHU�
LQJ�� <RX� FDQ� GLVDEOH� WKH� HTable� DXWR�IOXVK� IHDWXUH� XVLQJ� HTable.setAuto
Flush(false)�DQG�WKHQ�VHW�WKH�VL]H�RI�FRQILJXUDEOH�ZULWH�EXIIHU��:KHQ�WKH�LQVHUWV
FRPPLWWHG�ILOO� WKH�ZULWH�EXIIHU�� LW� LV� WKHQ�IOXVKHG��5HPHPEHU�� WKRXJK��WKDW�\RX
PXVW�FDOO�HLWKHU�D�PDQXDO�HTable.flushCommits()�RU�HTable.close()��ZKLFK�ZLOO�FDOO
WKURXJK�WR�HTable.flushCommits()�DW�WKH�HQG�RI�HDFK�WDVN�WR�HQVXUH�WKDW�QRWKLQJ
LV�OHIW�XQIOXVKHG�LQ�WKH�EXIIHU��<RX�FRXOG�GR�WKLV�LQ�DQ�RYHUULGH�RI�WKH�PDSSHU¦V�
close()�PHWKRG�

� +%DVH�LQFOXGHV�TableInputFormat�DQG�TableOutputFormat�WR�KHOS�ZLWK�0DS5HGXFH
MREV�WKDW�VRXUFH�DQG�VLQN�+%DVH��VHH�([DPSOH��������2QH�ZD\�WR�ZULWH�WKH�SUHYLRXV
H[DPSOH�ZRXOG�KDYH�EHHQ�WR�XVH�MaxTemperatureMapper�IURP�&KDSWHU���DV�LV��EXW
DGG�D�UHGXFHU�WDVN�WKDW�WDNHV�WKH�RXWSXW�RI�WKH�MaxTemperatureMapper�DQG�IHHGV�LW
WR�+%DVH�YLD�TableOutputFormat�

Web Queries
7R�LPSOHPHQW�WKH�ZHE�DSSOLFDWLRQ��ZH�ZLOO�XVH�WKH�+%DVH�-DYD�$3,�GLUHFWO\��+HUH�LW
EHFRPHV�FOHDU�KRZ�LPSRUWDQW�\RXU�FKRLFH�RI�VFKHPD�DQG�VWRUDJH�IRUPDW�LV�

7KH�VLPSOHVW�TXHU\�ZLOO�EH�WR�JHW�WKH�VWDWLF�VWDWLRQ�LQIRUPDWLRQ��7KLV�W\SH�RI�TXHU\�LV
VLPSOH�LQ�D�WUDGLWLRQDO�GDWDEDVH��EXW�+%DVH�JLYHV�\RX�DGGLWLRQDO�FRQWURO�DQG�IOH[LELOLW\�
8VLQJ�WKH�info�IDPLO\�DV�D�NH\�YDOXH�GLFWLRQDU\��FROXPQ�QDPHV�DV�NH\V��FROXPQ�YDOXHV
DV�YDOXHV���WKH�FRGH�ZRXOG�ORRN�OLNH�WKLV�

  public Map<String, String> getStationInfo(HTable table, String stationId)
      throws IOException {
    Get get = new Get(Bytes.toBytes(stationId));
    get.addColumn(INFO_COLUMNFAMILY);
    Result res = table.get(get);
    if (res == null) {
      return null;
    }
    Map<String, String> resultMap = new HashMap<String, String>();
    resultMap.put("name", getValue(res, INFO_COLUMNFAMILY, NAME_QUALIFIER));
    resultMap.put("location", getValue(res, INFO_COLUMNFAMILY, LOCATION_QUALIFIER));
    resultMap.put("description", getValue(res, INFO_COLUMNFAMILY, 
      DESCRIPTION_QUALIFIER));
    return resultMap;
  }

  private static String getValue(Result res, byte [] cf, byte [] qualifier) {
    byte [] value = res.getValue(cf, qualifier);
    return value == null? ": Bytes.toString(value);
  }
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,Q�WKLV�H[DPSOH��getStationInfo()�WDNHV�DQ�HTable�LQVWDQFH�DQG�D�VWDWLRQ�,'��7R�JHW�WKH
VWDWLRQ�LQIR��ZH�XVH�HTable.get(),�SDVVLQJ�D�Get�LQVWDQFH�FRQILJXUHG�WR�JHW�DOO�WKH�FRO�
XPQ� YDOXHV� IRU� WKH� URZ� LGHQWLILHG�E\� WKH� VWDWLRQ� ,'� LQ� WKH�GHILQHG� FROXPQ� IDPLO\�
INFO_COLUMNFAMILY�

7KH�get()�UHVXOWV�DUH�UHWXUQHG�LQ�Result��,W�FRQWDLQV�WKH�URZ��DQG�\RX�FDQ�IHWFK�FHOO
YDOXHV�E\�VWLSXODWLQJ�WKH�FROXPQ�FHOO�\RX�ZDQW��7KH�getStationInfo()�PHWKRG�FRQYHUWV
WKH�Result�Map�LQWR�D�PRUH�IULHQGO\�Map�RI�String�NH\V�DQG�YDOXHV�

:H�FDQ�DOUHDG\�VHH�KRZ�WKHUH�LV�D�QHHG�IRU�XWLOLW\�IXQFWLRQV�ZKHQ�XVLQJ�+%DVH��7KHUH
DUH�DQ�LQFUHDVLQJ�QXPEHU�RI�DEVWUDFWLRQV�EHLQJ�EXLOW�DWRS�+%DVH�WR�GHDO�ZLWK�WKLV�ORZ�
OHYHO� LQWHUDFWLRQ��EXW� LW¦V� LPSRUWDQW�WR�XQGHUVWDQG�KRZ�WKLV�ZRUNV�DQG�KRZ�VWRUDJH
FKRLFHV�PDNH�D�GLIIHUHQFH�

2QH�RI� WKH� VWUHQJWKV�RI�+%DVH�RYHU�D� UHODWLRQDO�GDWDEDVH� LV� WKDW�\RX�GRQ¦W�KDYH� WR
SUHVSHFLI\�WKH�FROXPQV��6R��LQ�WKH�IXWXUH��LI�HDFK�VWDWLRQ�QRZ�KDV�DW�OHDVW�WKHVH�WKUHH
DWWULEXWHV�EXW�WKHUH�DUH�KXQGUHGV�RI�RSWLRQDO�RQHV��ZH�FDQ�MXVW�LQVHUW�WKHP�ZLWKRXW
PRGLI\LQJ�WKH�VFKHPD��<RXU�DSSOLFDWLRQ¦V�UHDGLQJ�DQG�ZULWLQJ�FRGH�ZRXOG�RI�FRXUVH
QHHG�WR�EH�FKDQJHG��7KH�H[DPSOH�FRGH�PLJKW�FKDQJH�LQ�WKLV�FDVH�WR�ORRSLQJ�WKURXJK�
Result�UDWKHU�WKDQ�JUDEELQJ�HDFK�YDOXH�H[SOLFLWO\�

:H� ZLOO� PDNH� XVH� RI� +%DVH� VFDQQHUV� IRU� UHWULHYDO� RI� REVHUYDWLRQV� LQ� RXU� ZHE
DSSOLFDWLRQ�

+HUH� ZH� DUH� DIWHU� D� Map<ObservationTime, ObservedTemp>� UHVXOW�� :H� ZLOO� XVH� D
NavigableMap<Long, Integer>�EHFDXVH�LW�LV�VRUWHG�DQG�KDV�D�descendingMap()�PHWKRG�
VR�ZH�FDQ�DFFHVV�REVHUYDWLRQV�LQ�ERWK�DVFHQGLQJ�RU�GHVFHQGLQJ�RUGHU��7KH�FRGH�LV�LQ
([DPSOH������

([DPSOH�������0HWKRGV�IRU�UHWULHYLQJ�D�UDQJH�RI�URZV�RI�ZHDWKHU�VWDWLRQ�REVHUYDWLRQV�IURP�DQ�+%DVH
WDEOH

  public NavigableMap<Long, Integer> getStationObservations(HTable table,
      String stationId, long maxStamp, int maxCount) throws IOException {
    byte[] startRow = RowKeyConverter.makeObservationRowKey(stationId, maxStamp);
    NavigableMap<Long, Integer> resultMap = new TreeMap<Long, Integer>();
    Scan scan = new Scan(startRow);
    scan.addColumn(DATA_COLUMNFAMILY, AIRTEMP_QUALIFIER);
    ResultScanner scanner = table.getScanner(scan);
    Result res = null;
    int count = 0;
    try {
      while ((res = scanner.next()) != null && count++ < maxCount) {
        byte[] row = res.getRow();
        byte[] value = res.getValue(DATA_COLUMNFAMILY, AIRTEMP_QUALIFIER);
        Long stamp = Long.MAX_VALUE -
          Bytes.toLong(row, row.length - Bytes.SIZEOF_LONG, Bytes.SIZEOF_LONG);
        Integer temp = Bytes.toInt(value);
        resultMap.put(stamp, temp);
      }
    } finally {
      scanner.close();
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    }
    return resultMap;
  }
  /**
   * Return the last ten observations.
   */
  public NavigableMap<Long, Integer> getStationObservations(HTable table,
      String stationId) throws IOException {
    return getStationObservations(table, stationId, Long.MAX_VALUE, 10);
  

7KH�getStationObservations()�PHWKRG�WDNHV�D�VWDWLRQ�,'�DQG�D�UDQJH�GHILQHG�E\�max
Stamp�DQG�D�PD[LPXP�QXPEHU�RI�URZV��maxCount���1RWH�WKDW�WKH�NavigableMap�WKDW�LV
UHWXUQHG�LV�DFWXDOO\�QRZ�LQ�GHVFHQGLQJ�WLPH�RUGHU��,I�\RX�ZDQW�WR�UHDG�WKURXJK�LW�LQ
DVFHQGLQJ�RUGHU��\RX�ZRXOG�PDNH�XVH�RI�NavigableMap.descendingMap()�

Scanners
+%DVH�VFDQQHUV�DUH�OLNH�FXUVRUV�LQ�D�WUDGLWLRQDO�GDWDEDVH�RU�-DYD�LWHUDWRUV��H[FHSW¢
XQOLNH�WKH�ODWWHU¢WKH\�KDYH�WR�EH�FORVHG�DIWHU�XVH��6FDQQHUV�UHWXUQ�URZV�LQ�RUGHU��8VHUV
REWDLQ�D� VFDQQHU�RQ�DQ�+%DVH� WDEOH�E\� FDOOLQJ�HTable.getScanner(scan)��ZKHUH� WKH
scan�SDUDPHWHU�LV�D�FRQILJXUHG�LQVWDQFH�RI�D�Scan�REMHFW��,Q�WKH�Scan�LQVWDQFH��\RX�FDQ
SDVV�WKH�URZ�DW�ZKLFK�WR�VWDUW�DQG�VWRS�WKH�VFDQ��ZKLFK�FROXPQV�LQ�D�URZ�WR�UHWXUQ�LQ
WKH�URZ�UHVXOW��DQG�RSWLRQDOO\��D�ILOWHU�WR�UXQ�RQ�WKH�VHUYHU�VLGH���7KH�ResultScanner
LQWHUIDFH��ZKLFK�LV�UHWXUQHG�ZKHQ�\RX�FDOO�HTable.getScanner()��LV�DV�IROORZV�

public interface ResultScanner extends Closeable, Iterable<Result> { 
  public Result next() throws IOException;
  public Result [] next(int nbRows) throws IOException;
  public void close();  
}

<RX� FDQ� DVN� IRU� WKH� QH[W� URZ¦V� UHVXOWV� RU� D� QXPEHU� RI� URZV�� (DFK� LQYRFDWLRQ� RI�
next()�LQYROYHV�D�WULS�EDFN�WR�WKH�UHJLRQVHUYHU��VR�JUDEELQJ�D�EXQFK�RI�URZV�DW�RQFH�FDQ
PDNH�IRU�VLJQLILFDQW�SHUIRUPDQFH�VDYLQJV���

�� 7R�OHDUQ�PRUH�DERXW�WKH�VHUYHU�VLGH�ILOWHULQJ�PHFKDQLVP�LQ�+%DVH��VHH�KWWS���KDGRRS�DSDFKH�RUJ�KEDVH�
GRFV�FXUUHQW�DSL�RUJ�DSDFKH�KDGRRS�KEDVH�ILOWHU�SDFNDJH�VXPPDU\�KWPO�

��� 7KH�hbase.client.scanner.caching�FRQILJXUDWLRQ�RSWLRQ�LV�VHW�WR���E\�GHIDXOW��<RX�FDQ�DOVR�VHW�KRZ
PXFK�WR�FDFKH�SUHIHWFK�RQ�WKH�Scan�LQVWDQFH�LWVHOI��6FDQQHUV�ZLOO��XQGHU�WKH�FRYHUV��IHWFK�WKLV�PDQ\
UHVXOWV�DW�D�WLPH��EULQJLQJ�WKHP�FOLHQW�VLGH��DQG�UHWXUQLQJ�WR�WKH�VHUYHU�WR�IHWFK�WKH�QH[W�EDWFK�RQO\
DIWHU�WKH�FXUUHQW�EDWFK�KDV�EHHQ�H[KDXVWHG��+LJKHU�FDFKLQJ�YDOXHV�ZLOO�HQDEOH�IDVWHU�VFDQQLQJ�EXW�ZLOO
HDW�XS�PRUH�PHPRU\�LQ�WKH�FOLHQW��$OVR��DYRLG�VHWWLQJ�WKH�FDFKLQJ�VR�KLJK�WKDW�WKH�WLPH�VSHQW�SURFHVVLQJ
WKH�EDWFK�FOLHQW�VLGH�H[FHHGV�WKH�VFDQQHU�OHDVH�SHULRG��,I�D�FOLHQW�IDLOV�WR�FKHFN�EDFN�ZLWK�WKH�VHUYHU
EHIRUH�WKH�VFDQQHU�OHDVH�H[SLUHV��WKH�VHUYHU�ZLOO�JR�DKHDG�DQG�JDUEDJH�FROOHFW�UHVRXUFHV�FRQVXPHG�E\
WKH� VFDQQHU� VHUYHU�VLGH��7KH�GHIDXOW� VFDQQHU� OHDVH� LV� ��� VHFRQGV�� DQG�FDQ�EH� FKDQJHG�E\� VHWWLQJ�
hbase.regionserver.lease.period��&OLHQWV�ZLOO�VHH�DQ�UnknownScannerException�LI�WKH�VFDQQHU�OHDVH
KDV�H[SLUHG�
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7KH�DGYDQWDJH�RI�VWRULQJ�WKLQJV�DV�Long.MAX_VALUE - stamp�PD\�QRW�EH�FOHDU� LQ�WKH
SUHYLRXV�H[DPSOH��,W�LV�PRUH�XVHIXO�ZKHQ�\RX�ZDQW�WR�JHW�WKH�QHZHVW�REVHUYDWLRQV�IRU
D�JLYHQ�RIIVHW�DQG�OLPLW��ZKLFK�LV�RIWHQ�WKH�FDVH�LQ�ZHE�DSSOLFDWLRQV��,I�WKH�REVHUYDWLRQV
ZHUH�VWRUHG�ZLWK�WKH�DFWXDO�VWDPSV��ZH�ZRXOG�EH�DEOH�WR�JHW�RQO\�WKH�ROGHVW�REVHUYDWLRQV
IRU�D�JLYHQ�RIIVHW�DQG�OLPLW�HIILFLHQWO\��*HWWLQJ�WKH�QHZHVW�ZRXOG�PHDQ�JHWWLQJ�DOO�RI
WKHP�DQG�WKHQ�JUDEELQJ�WKHP�RII�WKH�HQG��2QH�RI�WKH�SULPH�UHDVRQV�IRU�PRYLQJ�IURP
5'%06�WR�+%DVH�LV�WR�DOORZ�IRU�WKHVH�W\SHV�RI�£HDUO\�RXW¤�VFHQDULRV�

HBase Versus RDBMS
+%DVH�DQG�RWKHU�FROXPQ�RULHQWHG�GDWDEDVHV�DUH�RIWHQ�FRPSDUHG�WR�PRUH�WUDGLWLRQDO
DQG�SRSXODU�UHODWLRQDO�GDWDEDVHV�RU�5'%06V��$OWKRXJK�WKH\�GLIIHU�GUDPDWLFDOO\�LQ�WKHLU
LPSOHPHQWDWLRQV�DQG�LQ�ZKDW�WKH\�VHW�RXW�WR�DFFRPSOLVK��WKH�IDFW�WKDW�WKH\�DUH�SRWHQWLDO
VROXWLRQV� WR� WKH� VDPH�SUREOHPV�PHDQV� WKDW�GHVSLWH� WKHLU� HQRUPRXV�GLIIHUHQFHV�� WKH
FRPSDULVRQ�LV�D�IDLU�RQH�WR�PDNH�

$V�GHVFULEHG�SUHYLRXVO\��+%DVH�LV�D�GLVWULEXWHG��FROXPQ�RULHQWHG�GDWD�VWRUDJH�V\VWHP�
,W�SLFNV�XS�ZKHUH�+DGRRS� OHIW�RII�E\�SURYLGLQJ�UDQGRP�UHDGV�DQG�ZULWHV�RQ�WRS�RI
+')6��,W�KDV�EHHQ�GHVLJQHG�IURP�WKH�JURXQG�XS�ZLWK�D�IRFXV�RQ�VFDOH�LQ�HYHU\�GLUHFWLRQ�
WDOO�LQ�QXPEHUV�RI�URZV��ELOOLRQV���ZLGH�LQ�QXPEHUV�RI�FROXPQV��PLOOLRQV���DQG�WR�EH
KRUL]RQWDOO\�SDUWLWLRQHG�DQG�UHSOLFDWHG�DFURVV�WKRXVDQGV�RI�FRPPRGLW\�QRGHV�DXWR�
PDWLFDOO\��7KH�WDEOH�VFKHPDV�PLUURU�WKH�SK\VLFDO�VWRUDJH��FUHDWLQJ�D�V\VWHP�IRU�HIILFLHQW
GDWD�VWUXFWXUH�VHULDOL]DWLRQ��VWRUDJH��DQG�UHWULHYDO��7KH�EXUGHQ�LV�RQ�WKH�DSSOLFDWLRQ
GHYHORSHU�WR�PDNH�XVH�RI�WKLV�VWRUDJH�DQG�UHWULHYDO�LQ�WKH�ULJKW�ZD\�

6WULFWO\� VSHDNLQJ�� DQ� 5'%06� LV� D� GDWDEDVH� WKDW� IROORZV� &RGG¦V� ��� 5XOHV�� 7\SLFDO
5'%06V�DUH�IL[HG�VFKHPD��URZ�RULHQWHG�GDWDEDVHV�ZLWK�$&,'�SURSHUWLHV�DQG�D�VR�
SKLVWLFDWHG�64/�TXHU\�HQJLQH��7KH�HPSKDVLV�LV�RQ�VWURQJ�FRQVLVWHQF\��UHIHUHQWLDO�LQ�
WHJULW\��DEVWUDFWLRQ�IURP�WKH�SK\VLFDO�OD\HU��DQG�FRPSOH[�TXHULHV�WKURXJK�WKH�64/�ODQ�
JXDJH��<RX�FDQ�HDVLO\�FUHDWH�VHFRQGDU\�LQGH[HV��SHUIRUP�FRPSOH[�LQQHU�DQG�RXWHU�MRLQV�
DQG�FRXQW��VXP��VRUW��JURXS��DQG�SDJH�\RXU�GDWD�DFURVV�D�QXPEHU�RI�WDEOHV��URZV��DQG
FROXPQV�

)RU�D�PDMRULW\�RI�VPDOO��WR�PHGLXP�YROXPH�DSSOLFDWLRQV��WKHUH�LV�QR�VXEVWLWXWH�IRU�WKH
HDVH� RI� XVH�� IOH[LELOLW\��PDWXULW\�� DQG�SRZHUIXO� IHDWXUH� VHW� RI� DYDLODEOH� RSHQ� VRXUFH
5'%06�VROXWLRQV�VXFK�DV�0\64/�DQG�3RVWJUH64/��+RZHYHU��LI�\RX�QHHG�WR�VFDOH�XS
LQ�WHUPV�RI�GDWDVHW�VL]H��UHDG�ZULWH�FRQFXUUHQF\��RU�ERWK��\RX¦OO�VRRQ�ILQG�WKDW�WKH�FRQ�
YHQLHQFHV�RI�DQ�5'%06�FRPH�DW�DQ�HQRUPRXV�SHUIRUPDQFH�SHQDOW\�DQG�PDNH�GLVWUL�
EXWLRQ�LQKHUHQWO\�GLIILFXOW��7KH�VFDOLQJ�RI�DQ�5'%06�XVXDOO\�LQYROYHV�EUHDNLQJ�&RGG¦V
UXOHV��ORRVHQLQJ�$&,'�UHVWULFWLRQV��IRUJHWWLQJ�FRQYHQWLRQDO�'%$�ZLVGRP��DQG�RQ�WKH
ZD\�ORVLQJ�PRVW�RI�WKH�GHVLUDEOH�SURSHUWLHV�WKDW�PDGH�UHODWLRQDO�GDWDEDVHV�VR�FRQYH�
QLHQW�LQ�WKH�ILUVW�SODFH�
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Successful Service
+HUH�LV�D�V\QRSVLV�RI�KRZ�WKH�W\SLFDO�5'%06�VFDOLQJ�VWRU\�UXQV��7KH�IROORZLQJ�OLVW
SUHVXPHV�D�VXFFHVVIXO�JURZLQJ�VHUYLFH�

,QLWLDO�SXEOLF�ODXQFK
0RYH�IURP�ORFDO�ZRUNVWDWLRQ�WR�VKDUHG��UHPRWHO\�KRVWHG�0\64/�LQVWDQFH�ZLWK�D
ZHOO�GHILQHG�VFKHPD�

6HUYLFH�EHFRPHV�PRUH�SRSXODU��WRR�PDQ\�UHDGV�KLWWLQJ�WKH�GDWDEDVH
$GG�PHPFDFKHG�WR�FDFKH�FRPPRQ�TXHULHV��5HDGV�DUH�QRZ�QR�ORQJHU�VWULFWO\�$&,'�
FDFKHG�GDWD�PXVW�H[SLUH�

6HUYLFH�FRQWLQXHV�WR�JURZ�LQ�SRSXODULW\��WRR�PDQ\�ZULWHV�KLWWLQJ�WKH�GDWDEDVH
6FDOH�0\64/�YHUWLFDOO\�E\�EX\LQJ�D�EHHIHG�XS�VHUYHU�ZLWK����FRUHV������*%�RI
5$0��DQG�EDQNV�RI����N�530�KDUG�GULYHV��&RVWO\�

1HZ�IHDWXUHV�LQFUHDVHV�TXHU\�FRPSOH[LW\��QRZ�ZH�KDYH�WRR�PDQ\�MRLQV
'HQRUPDOL]H�\RXU�GDWD�WR�UHGXFH�MRLQV���7KDW¦V�QRW�ZKDW�WKH\�WDXJKW�PH�LQ�'%$
VFKRRO��

5LVLQJ�SRSXODULW\�VZDPSV�WKH�VHUYHU��WKLQJV�DUH�WRR�VORZ
6WRS�GRLQJ�DQ\�VHUYHU�VLGH�FRPSXWDWLRQV�

6RPH�TXHULHV�DUH�VWLOO�WRR�VORZ
3HULRGLFDOO\�SUHPDWHULDOL]H�WKH�PRVW�FRPSOH[�TXHULHV��DQG�WU\�WR�VWRS�MRLQLQJ�LQ
PRVW�FDVHV�

5HDGV�DUH�2.��EXW�ZULWHV�DUH�JHWWLQJ�VORZHU�DQG�VORZHU
'URS�VHFRQGDU\�LQGH[HV�DQG�WULJJHUV��QR�LQGH[HV"��

$W�WKLV�SRLQW��WKHUH�DUH�QR�FOHDU�VROXWLRQV�IRU�KRZ�WR�VROYH�\RXU�VFDOLQJ�SUREOHPV��,Q
DQ\�FDVH��\RX¦OO�QHHG�WR�EHJLQ�WR�VFDOH�KRUL]RQWDOO\��<RX�FDQ�DWWHPSW�WR�EXLOG�VRPH�W\SH
RI�SDUWLWLRQLQJ�RQ�\RXU�ODUJHVW�WDEOHV��RU�ORRN�LQWR�VRPH�RI�WKH�FRPPHUFLDO�VROXWLRQV
WKDW�SURYLGH�PXOWLSOH�PDVWHU�FDSDELOLWLHV�

&RXQWOHVV�DSSOLFDWLRQV��EXVLQHVVHV��DQG�ZHEVLWHV�KDYH�VXFFHVVIXOO\�DFKLHYHG�VFDODEOH�
IDXOW�WROHUDQW��DQG�GLVWULEXWHG�GDWD�V\VWHPV�EXLOW�RQ�WRS�RI�5'%06V�DQG�DUH�OLNHO\�XVLQJ
PDQ\�RI�WKH�SUHYLRXV�VWUDWHJLHV��%XW�ZKDW�\RX�HQG�XS�ZLWK�LV�VRPHWKLQJ�WKDW�LV�QR�ORQJHU
D�WUXH�5'%06��VDFULILFLQJ�IHDWXUHV�DQG�FRQYHQLHQFHV�IRU�FRPSURPLVHV�DQG�FRPSOH[L�
WLHV��$Q\�IRUP�RI�VODYH�UHSOLFDWLRQ�RU�H[WHUQDO�FDFKLQJ�LQWURGXFHV�ZHDN�FRQVLVWHQF\�LQWR
\RXU�QRZ�GHQRUPDOL]HG�GDWD��7KH�LQHIILFLHQF\�RI�MRLQV�DQG�VHFRQGDU\�LQGH[HV�PHDQV
DOPRVW�DOO�TXHULHV�EHFRPH�SULPDU\�NH\�ORRNXSV��$�PXOWLZULWHU�VHWXS�OLNHO\�PHDQV�QR
UHDO�MRLQV�DW�DOO��DQG�GLVWULEXWHG�WUDQVDFWLRQV�DUH�D�QLJKWPDUH��7KHUH¦V�QRZ�DQ�LQFUHGLEO\
FRPSOH[�QHWZRUN�WRSRORJ\�WR�PDQDJH�ZLWK�DQ�HQWLUHO\�VHSDUDWH�FOXVWHU� IRU�FDFKLQJ�
(YHQ�ZLWK� WKLV� V\VWHP�DQG� WKH� FRPSURPLVHV�PDGH�� \RX�ZLOO� VWLOO�ZRUU\�DERXW�\RXU
SULPDU\�PDVWHU�FUDVKLQJ�DQG�WKH�GDXQWLQJ�SRVVLELOLW\�RI�KDYLQJ����WLPHV�WKH�GDWD�DQG
���WLPHV�WKH�ORDG�LQ�D�IHZ�PRQWKV�

480 | Chapter 13:ಗHBase



HBase
(QWHU�+%DVH��ZKLFK�KDV�WKH�IROORZLQJ�FKDUDFWHULVWLFV�

1R�UHDO�LQGH[HV
5RZV�DUH�VWRUHG�VHTXHQWLDOO\��DV�DUH�WKH�FROXPQV�ZLWKLQ�HDFK�URZ��7KHUHIRUH��QR
LVVXHV�ZLWK�LQGH[�EORDW��DQG�LQVHUW�SHUIRUPDQFH�LV�LQGHSHQGHQW�RI�WDEOH�VL]H�

$XWRPDWLF�SDUWLWLRQLQJ
$V�\RXU�WDEOHV�JURZ��WKH\�ZLOO�DXWRPDWLFDOO\�EH�VSOLW�LQWR�UHJLRQV�DQG�GLVWULEXWHG
DFURVV�DOO�DYDLODEOH�QRGHV�

6FDOH�OLQHDUO\�DQG�DXWRPDWLFDOO\�ZLWK�QHZ�QRGHV
$GG�D�QRGH��SRLQW�LW�WR�WKH�H[LVWLQJ�FOXVWHU��DQG�UXQ�WKH�UHJLRQVHUYHU��5HJLRQV�ZLOO
DXWRPDWLFDOO\�UHEDODQFH��DQG�ORDG�ZLOO�VSUHDG�HYHQO\�

&RPPRGLW\�KDUGZDUH
&OXVWHUV�DUH�EXLOW�RQ�������¡�������QRGHV�UDWKHU�WKDQ���������QRGHV��5'%06V
DUH�,�2�KXQJU\��UHTXLULQJ�PRUH�FRVWO\�KDUGZDUH�

)DXOW�WROHUDQFH
/RWV�RI�QRGHV�PHDQV�HDFK�LV�UHODWLYHO\�LQVLJQLILFDQW��1R�QHHG�WR�ZRUU\�DERXW�LQGL�
YLGXDO�QRGH�GRZQWLPH�

%DWFK�SURFHVVLQJ
0DS5HGXFH� LQWHJUDWLRQ�DOORZV� IXOO\�SDUDOOHO��GLVWULEXWHG� MREV�DJDLQVW� \RXU�GDWD
ZLWK�ORFDOLW\�DZDUHQHVV�

,I�\RX�VWD\�XS�DW�QLJKW�ZRUU\LQJ�DERXW�\RXU�GDWDEDVH��XSWLPH��VFDOH��RU�VSHHG���\RX
VKRXOG�VHULRXVO\�FRQVLGHU�PDNLQJ�D�MXPS�IURP�WKH�5'%06�ZRUOG�WR�+%DVH��8WLOL]H�D
VROXWLRQ�WKDW�ZDV�LQWHQGHG�WR�VFDOH�UDWKHU�WKDQ�D�VROXWLRQ�EDVHG�RQ�VWULSSLQJ�GRZQ�DQG
WKURZLQJ�PRQH\�DW�ZKDW�XVHG�WR�ZRUN��:LWK�+%DVH��WKH�VRIWZDUH�LV�IUHH��WKH�KDUGZDUH
LV�FKHDS��DQG�WKH�GLVWULEXWLRQ�LV�LQWULQVLF�

Use Case: HBase at Streamy.com
6WUHDP\�FRP�LV�D�UHDO�WLPH�QHZV�DJJUHJDWRU�DQG�VRFLDO�VKDULQJ�SODWIRUP��:LWK�D�EURDG
IHDWXUH�VHW��ZH�VWDUWHG�RXW�ZLWK�D�FRPSOH[�LPSOHPHQWDWLRQ�RQ�WRS�RI�3RVWJUH64/��,W¦V
D�WHUULILF�SURGXFW�ZLWK�D�JUHDW�FRPPXQLW\�DQG�D�EHDXWLIXO�FRGHEDVH��:H�WULHG�HYHU\�WULFN
LQ�WKH�ERRN�WR�NHHS�WKLQJV�IDVW�DV�ZH�VFDOHG��JRLQJ�VR�IDU�DV�WR�PRGLI\�WKH�3RVWJUH64/
FRGH�GLUHFWO\�WR�VXLW�RXU�QHHGV��2ULJLQDOO\�WDNLQJ�DGYDQWDJH�RI�DOO�5'%06�JRRGLHV��ZH
IRXQG�WKDW�HYHQWXDOO\��RQH�E\�RQH��ZH�KDG�WR�OHW�WKHP�DOO�JR��$ORQJ�WKH�ZD\��RXU�HQWLUH
WHDP�EHFDPH�WKH�'%$�

:H�GLG�PDQDJH�WR�VROYH�PDQ\�RI�WKH�LVVXHV�WKDW�ZH�UDQ�LQWR��EXW�WKHUH�ZHUH�WZR�WKDW
HYHQWXDOO\� OHG� WR� WKH� GHFLVLRQ� WR� ILQG� DQRWKHU� VROXWLRQ� IURP� RXWVLGH� WKH� ZRUOG� RI
5'%06�
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6WUHDP\�FUDZOV�WKRXVDQGV�RI�566�IHHGV�DQG�DJJUHJDWHV�KXQGUHGV�RI�PLOOLRQV�RI�LWHPV
IURP�WKHP��,Q�DGGLWLRQ�WR�KDYLQJ�WR�VWRUH�WKHVH�LWHPV��RQH�RI�RXU�PRUH�FRPSOH[�TXHULHV
UHDGV�D�WLPH�RUGHUHG�OLVW�RI�DOO�LWHPV�IURP�D�VHW�RI�VRXUFHV��$W�WKH�KLJK�HQG��WKLV�FDQ�UXQ
WR�VHYHUDO�WKRXVDQG�VRXUFHV�DQG�DOO�RI�WKHLU�LWHPV�DOO�LQ�D�VLQJOH�TXHU\�

Very large items tables
$W�ILUVW��WKLV�ZDV�D�VLQJOH�LWHPV�WDEOH��EXW�WKH�KLJK�QXPEHU�RI�VHFRQGDU\�LQGH[HV�PDGH
LQVHUWV�DQG�XSGDWHV�YHU\�VORZ��:H�VWDUWHG�WR�GLYLGH�LWHPV�XS�LQWR�VHYHUDO�RQH�WR�RQH
OLQN� WDEOHV� WR� VWRUH� RWKHU� LQIRUPDWLRQ�� VHSDUDWLQJ� VWDWLF� ILHOGV� IURP� G\QDPLF� RQHV�
JURXSLQJ�ILHOGV�EDVHG�RQ�KRZ�WKH\�ZHUH�TXHULHG��DQG�GHQRUPDOL]LQJ�HYHU\WKLQJ�DORQJ
WKH�ZD\��(YHQ�ZLWK�WKHVH�FKDQJHV��VLQJOH�XSGDWHV�UHTXLUHG�UHZULWLQJ�WKH�HQWLUH�UHFRUG�
VR�WUDFNLQJ�VWDWLVWLFV�RQ�LWHPV�ZDV�GLIILFXOW�WR�VFDOH��7KH�UHZULWLQJ�RI�UHFRUGV�DQG�KDYLQJ
WR�XSGDWH�LQGH[HV�DORQJ�WKH�ZD\�DUH�LQWULQVLF�SURSHUWLHV�RI�WKH�5'%06�ZH�ZHUH�XVLQJ�
7KH\�FRXOG�QRW�EH�GHFRXSOHG��:H�SDUWLWLRQHG�RXU�WDEOHV��ZKLFK�ZDV�QRW�WRR�GLIILFXOW
EHFDXVH�RI�WKH�QDWXUDO�SDUWLWLRQ�RI�WLPH��EXW�WKH�FRPSOH[LW\�JRW�RXW�RI�KDQG�IDVW��:H
QHHGHG�DQRWKHU�VROXWLRQ�

Very large sort merges
3HUIRUPLQJ�VRUWHG�PHUJHV�RI�WLPH�RUGHUHG�OLVWV�LV�FRPPRQ�LQ�PDQ\�:HE�����DSSOLFD�
WLRQV��$Q�H[DPSOH�64/�TXHU\�PLJKW�ORRN�OLNH�WKLV�

SELECT id, stamp, type FROM streams
  WHERE type IN ('type1','type2','type3','type4',...,'typeN')
  ORDER BY stamp DESC LIMIT 10 OFFSET 0;

$VVXPLQJ�id� LV� D�SULPDU\�NH\�RQ�VWUHDPV��DQG� WKDW�stamp� DQG�type�KDYH� VHFRQGDU\
LQGH[HV��DQ�5'%06�TXHU\�SODQQHU�WUHDWV�WKLV�TXHU\�DV�IROORZV�

MERGE (
  SELECT id, stamp, type FROM streams
    WHERE type = 'type1' ORDER BY stamp DESC,
  ...,
  SELECT id, stamp, type FROM streams
    WHERE type = 'typeN' ORDER BY stamp DESC
) ORDER BY stamp DESC LIMIT 10 OFFSET 0;

7KH�SUREOHP�KHUH�LV�WKDW�ZH�DUH�DIWHU�RQO\�WKH�WRS����,'V��EXW�WKH�TXHU\�SODQQHU�DFWXDOO\
PDWHULDOL]HV�DQ�HQWLUH�PHUJH�DQG�WKHQ�OLPLWV�DW�WKH�HQG��$�VLPSOH�KHDSVRUW�DFURVV�HDFK
RI�WKH�W\SHV�ZRXOG�DOORZ�\RX�WR�£HDUO\�RXW¤�RQFH�\RX�KDYH�WKH�WRS�����,Q�RXU�FDVH��HDFK
W\SH�FRXOG�KDYH�WHQV�RI�WKRXVDQGV�RI�,'V�LQ�LW��VR�PDWHULDOL]LQJ�WKH�HQWLUH�OLVW�DQG�VRUWLQJ
LW�ZDV�H[WUHPHO\�VORZ�DQG�XQQHFHVVDU\��:H�DFWXDOO\�ZHQW�VR�IDU�DV�WR�ZULWH�D�FXVWRP
3/�3\WKRQ�VFULSW�WKDW�SHUIRUPHG�D�KHDSVRUW�XVLQJ�D�VHULHV�RI�TXHULHV�OLNH�WKH�IROORZLQJ�

SELECT id, stamp, type FROM streams
  WHERE type = 'typeN'
  ORDER BY stamp DESC LIMIT 1 OFFSET 0;
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,I�ZH�HQGHG�XS�WDNLQJ�IURP�typeN��LW�ZDV�WKH�QH[W�PRVW�UHFHQW�LQ�WKH�KHDS���ZH�ZRXOG
UXQ�DQRWKHU�TXHU\�

SELECT id, stamp, type FROM streams
  WHERE type = 'typeN'
  ORDER BY stamp DESC LIMIT 1 OFFSET 1;

,Q�QHDUO\�DOO�FDVHV��WKLV�RXWSHUIRUPHG�WKH�QDWLYH�64/�LPSOHPHQWDWLRQ�DQG�WKH�TXHU\
SODQQHU¦V�VWUDWHJ\��,Q�WKH�ZRUVW�FDVHV�IRU�64/��ZH�ZHUH�PRUH�WKDQ�DQ�RUGHU�RI�PDJQLWXGH
IDVWHU�XVLQJ�WKH�3\WKRQ�SURFHGXUH��:H�IRXQG�RXUVHOYHV�FRQWLQXDOO\�WU\LQJ�WR�RXWVPDUW
WKH�TXHU\�SODQQHU�

$JDLQ��DW�WKLV�SRLQW��ZH�UHDOO\�QHHGHG�DQRWKHU�VROXWLRQ�

Life with HBase
2XU�5'%06�EDVHG�V\VWHP�ZDV�DOZD\V�FDSDEOH�RI�FRUUHFWO\�LPSOHPHQWLQJ�RXU�UHTXLUH�
PHQWV��WKH�LVVXH�ZDV�VFDOLQJ��:KHQ�\RX�VWDUW�WR�IRFXV�RQ�VFDOH�DQG�SHUIRUPDQFH�UDWKHU
WKDQ�FRUUHFWQHVV��\RX�HQG�XS�VKRUWFXWWLQJ�DQG�RSWLPL]LQJ�IRU�\RXU�GRPDLQ�VSHFLILF�XVH
FDVHV�HYHU\ZKHUH�SRVVLEOH��2QFH�\RX�VWDUW�LPSOHPHQWLQJ�\RXU�RZQ�VROXWLRQV�WR�\RXU
GDWD�SUREOHPV��WKH�RYHUKHDG�DQG�FRPSOH[LW\�RI�DQ�5'%06�JHWV�LQ�\RXU�ZD\��7KH�DE�
VWUDFWLRQ�IURP�WKH�VWRUDJH�OD\HU�DQG�$&,'�UHTXLUHPHQWV�DUH�DQ�HQRUPRXV�EDUULHU�DQG
OX[XU\�WKDW�\RX�FDQQRW�DOZD\V�DIIRUG�ZKHQ�EXLOGLQJ�IRU�VFDOH��+%DVH�LV�D�GLVWULEXWHG�
FROXPQ�RULHQWHG�� VRUWHG�PDS�VWRUH�DQG�QRW�PXFK�HOVH��7KH�RQO\�PDMRU�SDUW� WKDW� LV
DEVWUDFWHG�IURP�WKH�XVHU�LV�WKH�GLVWULEXWLRQ��DQG�WKDW¦V�H[DFWO\�ZKDW�ZH�GRQ¦W�ZDQW�WR
GHDO�ZLWK��%XVLQHVV�ORJLF��RQ�WKH�RWKHU�KDQG��LV�YHU\�VSHFLDOL]HG�DQG�RSWLPL]HG��:LWK
+%DVH�QRW�WU\LQJ�WR�VROYH�DOO�RI�RXU�SUREOHPV��ZH¦YH�EHHQ�DEOH�WR�VROYH�WKHP�EHWWHU
RXUVHOYHV�DQG�UHO\�RQ�+%DVH�IRU�VFDOLQJ�RXU�VWRUDJH��QRW�RXU�ORJLF��,W�ZDV�DQ�H[WUHPHO\
OLEHUDWLQJ�H[SHULHQFH�WR�EH�DEOH�WR�IRFXV�RQ�RXU�DSSOLFDWLRQV�DQG�ORJLF�UDWKHU�WKDQ�WKH
VFDOLQJ�RI�WKH�GDWD�LWVHOI�

:H�FXUUHQWO\�KDYH�WDEOHV�ZLWK�KXQGUHGV�RI�PLOOLRQV�RI�URZV�DQG�WHQV�RI�WKRXVDQGV�RI
FROXPQV��WKH�WKRXJKW�RI�VWRULQJ�ELOOLRQV�RI�URZV�DQG�PLOOLRQV�RI�FROXPQV�LV�H[FLWLQJ�
QRW�VFDU\�

Praxis
,Q�WKLV�VHFWLRQ��ZH�GLVFXVV�VRPH�RI�WKH�FRPPRQ�LVVXHV�XVHUV�UXQ�LQWR�ZKHQ�UXQQLQJ�DQ
+%DVH�FOXVWHU�XQGHU�ORDG�

Versions
8S�XQWLO�+%DVH�������+%DVH�DOLJQHG�LWV�YHUVLRQLQJ�ZLWK�WKDW�RI�+DGRRS��$�SDUWLFXODU
+%DVH�YHUVLRQ�ZRXOG�UXQ�RQ�DQ\�+DGRRS�WKDW�KDG�D�PDWFKLQJ�PLQRU�YHUVLRQ��ZKHUH
PLQRU�YHUVLRQ�LQ�WKLV�FRQWH[W�LV�FRQVLGHUHG�WKH�QXPEHU�EHWZHHQ�WKH�SHULRGV��H�J������LV
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WKH�PLQRU�YHUVLRQ�RI�DQ�+%DVH����������+%DVH��������ZRXOG�UXQ�RQ�DQ�+DGRRS��������
EXW�+%DVH��������ZRXOG�QRW�UXQ�RQ�+DGRRS��������

:LWK�+%DVH���������WKH�YHUVLRQ�UHODWLRQVKLS�ZDV�EURNHQ��7KH�+DGRRS�UHOHDVH�F\FOH�KDV
VORZHG�DQG�QR�ORQJHU�DOLJQV�ZLWK�WKDW�RI�+%DVH�GHYHORSPHQWV��$OVR��WKH�LQWHQW�LV�WKDW
QRZ�D�SDUWLFXODU�+%DVH�YHUVLRQ�FDQ�UXQ�RQ�PXOWLSOH�YHUVLRQV�RI�+DGRRS��)RU�H[DPSOH�
+%DVH������[�ZLOO�ZRUN�ZLWK�ERWK�+DGRRS������[�DQG������[�

7KLV�VDLG��HQVXUH�\RX�DUH�UXQQLQJ�FRPSDWLEOH�YHUVLRQV�RI�+DGRRS�DQG�+%DVH��&KHFN
WKH�UHTXLUHPHQWV�VHFWLRQ�RI�\RXU�GRZQORDG��,QFRPSDWLEOH�YHUVLRQV�ZLOO�WKURZ�DQ�H[�
FHSWLRQ�FRPSODLQLQJ�DERXW�WKH�YHUVLRQ�PLVPDWFK��LI�\RX�DUH�OXFN\��,I�WKH\�FDQQRW�WDON
WR�HDFK�VXIILFLHQWO\�WR�SDVV�YHUVLRQV��\RX�PD\�VHH�\RXU�+%DVH�FOXVWHU�KDQJ�LQGHILQLWHO\�
VRRQ�DIWHU�VWDUWXS��7KH�PLVPDWFK�H[FHSWLRQ�RU�+%DVH�KDQJ�FDQ�DOVR�KDSSHQ�RQ�XSJUDGH
LI�ROGHU�YHUVLRQV�RI�HLWKHU�+%DVH�RU�+DGRRS�FDQ�VWLOO�EH�IRXQG�RQ�WKH�FODVVSDWK�EHFDXVH
RI�LPSHUIHFW�FOHDQXS�RI�WKH�ROG�VRIWZDUH�

HDFS
+%DVH¦V�XVH�RI�+')6�LV�YHU\�GLIIHUHQW�IURP�KRZ�LW¦V�XVHG�E\�0DS5HGXFH��,Q�0DS5H�
GXFH��JHQHUDOO\��+')6�ILOHV�DUH�RSHQHG�ZLWK�WKHLU�FRQWHQW�VWUHDPHG�WKURXJK�D�PDS�WDVN
DQG�WKHQ�FORVHG��,Q�+%DVH��GDWDILOHV�DUH�RSHQHG�RQ�FOXVWHU�VWDUWXS�DQG�NHSW�RSHQ�VR
WKDW�ZH�DYRLG�SD\LQJ�WKH�FRVWV�DVVRFLDWHG�ZLWK�RSHQLQJ�ILOHV�RQ�HDFK�DFFHVV��%HFDXVH�RI
WKLV��+%DVH�WHQGV�WR�VHH�LVVXHV�QRW�QRUPDOO\�HQFRXQWHUHG�E\�0DS5HGXFH�FOLHQWV�

5XQQLQJ�RXW�RI�ILOH�GHVFULSWRUV
%HFDXVH�ZH�NHHS�ILOHV�RSHQ��DQG�RQ�D�ORDGHG�FOXVWHU��LW�GRHVQ¦W�WDNH�ORQJ�EHIRUH�ZH
UXQ�LQWR�V\VWHP��DQG�+DGRRS�LPSRVHG�OLPLWV��)RU�LQVWDQFH��VD\�ZH�KDYH�D�FOXVWHU
WKDW�KDV�WKUHH�QRGHV��HDFK�UXQQLQJ�DQ�LQVWDQFH�RI�D�GDWDQRGH�DQG�D�UHJLRQVHUYHU�
DQG�ZH¦UH�UXQQLQJ�DQ�XSORDG�LQWR�D�WDEOH�WKDW�LV�FXUUHQWO\�DW�����UHJLRQV�DQG���
FROXPQ�IDPLOLHV��$OORZ�WKDW�HDFK�FROXPQ�IDPLO\�KDV�RQ�DYHUDJH�WZR�IOXVK�ILOHV�
'RLQJ�WKH�PDWK��ZH�FDQ�KDYH�����Ü����Ü����RU��������ILOHV�RSHQ�DW�DQ\�RQH�WLPH�
$GG�WR�WKLV�WRWDO�RWKHU�PLVFHOODQHRXV�GHVFULSWRUV�FRQVXPHG�E\�RXWVWDQGLQJ�VFDQ�
QHUV�DQG�-DYD�OLEUDULHV��(DFK�RSHQ�ILOH�FRQVXPHV�DW�OHDVW�RQH�GHVFULSWRU�RYHU�RQ�WKH
UHPRWH�GDWDQRGH��7KH�GHIDXOW�OLPLW�RQ�WKH�QXPEHU�RI�ILOH�GHVFULSWRUV�SHU�SURFHVV
LV��������:KHQ�ZH�H[FHHG�WKH�ILOHV\VWHP�XOLPLW��ZH¦OO�VHH�WKH�FRPSODLQW�DERXW�7RR
PDQ\�RSHQ�ILOHV�LQ�ORJV��EXW�RIWHQ�\RX¦OO�ILUVW�VHH�LQGHWHUPLQDWH�EHKDYLRU�LQ�+%DVH�
7KH�IL[�UHTXLUHV�LQFUHDVLQJ�WKH�ILOH�GHVFULSWRU�XOLPLW�FRXQW����<RX�FDQ�YHULI\�WKDW
WKH�+%DVH�SURFHVV�LV�UXQQLQJ�ZLWK�VXIILFLHQW�ILOH�GHVFULSWRUV�E\�ORRNLQJ�DW�WKH�ILUVW
IHZ�OLQHV�RI�D�UHJLRQVHUYHU¦V�ORJ��,W�HPLWV�YLWDOV�VXFK�DV�WKH�-90�EHLQJ�XVHG�DQG
HQYLURQPHQW�VHWWLQJV��VXFK�DV�WKH�ILOH�GHVFULSWRU�XOLPLW�

��� :K\�����"�:H�ZDQWHG�WKHUH�WR�EH�QR�FRQIXVLRQ�WKDW�D�EUHDN�KDG�EHHQ�PDGH��VR�ZH�SXW�D�ODUJH�JDS�EHWZHHQ
RXU�QHZ�YHUVLRQLQJ�DQG�WKDW�RI�+DGRRS¦V�

��� 6HH�WKH�+%DVH�)$4�IRU�KRZ�WR�XS�WKH�XOLPLW�RQ�\RXU�FOXVWHU�
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5XQQLQJ�RXW�RI�GDWDQRGH�WKUHDGV
6LPLODUO\�� WKH�+DGRRS�GDWDQRGH�KDV�DQ�XSSHU�ERXQG�RI�����RQ� WKH�QXPEHU�RI
WKUHDGV�LW�FDQ�UXQ�DW�DQ\�RQH�WLPH��*LYHQ�WKH�VDPH�WDEOH�VWDWLVWLFV�TXRWHG�LQ�WKH
SUHFHGLQJ�GHVFULSWLRQ��LW¦V�HDV\�WR�VHH�KRZ�ZH�FDQ�H[FHHG�WKLV�XSSHU�ERXQG�UHOD�
WLYHO\�HDUO\��JLYHQ�WKDW�DV�RI�WKLV�ZULWLQJ��LQ�WKH�GDWDQRGH�HDFK�RSHQ�FRQQHFWLRQ�WR
D�ILOH�EORFN�FRQVXPHV�D�WKUHDG��,I�\RX�ORRN�LQ�WKH�GDWDQRGH�ORJ��\RX¦OO�VHH�D�FRP�
SODLQW�OLNH�[FHLYHU&RXQW�����H[FHHGV�WKH�OLPLW�RI�FRQFXUUHQW�[FLHYHUV������EXW�DJDLQ�
\RX¦OO�OLNHO\�VHH�+%DVH�DFW�HUUDWLFDOO\�EHIRUH�\RX�HQFRXQWHU�WKLV�ORJ�HQWU\��,QFUHDVH
WKH�dfs.datanode.max.xcievers��QRWH�WKDW�WKH�SURSHUW\�QDPH�LV�PLVVSHOOHG��FRXQW
LQ�+')6��DQG�UHVWDUW�\RXU�FOXVWHU���

6\QF
<RX�PXVW�UXQ�+%DVH�RQ�DQ�+')6�WKDW�KDV�D�ZRUNLQJ�V\QF��2WKHUZLVH��\RX�ZLOO
ORVH�GDWD��7KLV�PHDQV�UXQQLQJ�+%DVH�RQ�+DGRRS������������RU�ODWHU���

UI
+%DVH�UXQV�D�ZHE�VHUYHU�RQ�WKH�PDVWHU�WR�SUHVHQW�D�YLHZ�RQ�WKH�VWDWH�RI�\RXU�UXQQLQJ
FOXVWHU��%\�GHIDXOW��LW�OLVWHQV�RQ�SRUW��������7KH�PDVWHU�8,�GLVSOD\V�D�OLVW�RI�EDVLF�DW�
WULEXWHV�VXFK�DV�VRIWZDUH�YHUVLRQV��FOXVWHU�ORDG��UHTXHVW�UDWHV��OLVWV�RI�FOXVWHU�WDEOHV��DQG
SDUWLFLSDWLQJ�UHJLRQVHUYHUV��&OLFN�RQ�D�UHJLRQVHUYHU�LQ�WKH�PDVWHU�8,��DQG�\RX�DUH�WDNHQ
WR�WKH�ZHE�VHUYHU�UXQQLQJ�RQ�WKH�LQGLYLGXDO�UHJLRQVHUYHU��,W�OLVWV�WKH�UHJLRQV�WKLV�VHUYHU
LV�FDUU\LQJ�DQG�EDVLF�PHWULFV�VXFK�DV�UHVRXUFHV�FRQVXPHG�DQG�UHTXHVW�UDWHV�

Metrics
+DGRRS�KDV�D�PHWULFV�V\VWHP�WKDW�FDQ�EH�XVHG�WR�HPLW�YLWDOV�RYHU�D�SHULRG�WR�D�FRQ�
WH[W��WKLV�LV�FRYHUHG�LQ�£0HWULFV¤�RQ�SDJH�������(QDEOLQJ�+DGRRS�PHWULFV��DQG�LQ�SDU�
WLFXODU�W\LQJ�WKHP�WR�*DQJOLD�RU�HPLWWLQJ�WKHP�YLD�-0;��ZLOO�JLYH�\RX�YLHZV�RQ�ZKDW�LV
KDSSHQLQJ�RQ�\RXU� FOXVWHU��ERWK�FXUUHQWO\� DQG� LQ� WKH� UHFHQW�SDVW��+%DVH�DOVR�DGGV
PHWULFV�RI�LWV�RZQ¢UHTXHVW�UDWHV��FRXQWV�RI�YLWDOV��UHVRXUFHV�XVHG¢WKDW�FDQ�EH�FDXJKW
E\�D�+DGRRS�FRQWH[W��6HH�WKH�ILOH�KDGRRS�PHWULFV�SURSHUWLHV�XQGHU�WKH�+%DVH�FRQI�GL�
UHFWRU\���

Schema Design
+%DVH�WDEOHV�DUH� OLNH� WKRVH� LQ�DQ�5'%06��H[FHSW� WKDW�FHOOV�DUH�YHUVLRQHG��URZV�DUH
VRUWHG��DQG�FROXPQV�FDQ�EH�DGGHG�RQ�WKH�IO\�E\�WKH�FOLHQW�DV�ORQJ�DV�WKH�FROXPQ�IDPLO\

��� 6HH�WKH�+%DVH�WURXEOHVKRRWLQJ�JXLGH�IRU�PRUH�GHWDLO�RQ�WKLV�LVVXH�

��� 2Q�UHJLRQVHUYHU�FUDVK��ZKHQ�UXQQLQJ�RQ�DQ�ROGHU�YHUVLRQ�RI�+DGRRS��HGLWV�ZULWWHQ�WR�WKH�FRPPLW�ORJ�NHSW
LQ�+')6�ZHUH�QRW�UHFRYHUDEOH��DV�ILOHV�WKDW�KDG�QRW�EHHQ�SURSHUO\�FORVHG�ORVW�DOO�HGLWV��QR�PDWWHU�KRZ
PXFK�KDG�EHHQ�ZULWWHQ�WR�WKHP�DW�WKH�WLPH�RI�WKH�FUDVK�

��� <HV��WKLV�ILOH�LV�QDPHG�IRU�+DGRRS��WKRXJK�LW¦V�IRU�VHWWLQJ�XS�+%DVH�PHWULFV�
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WKH\�EHORQJ�WR�SUHH[LVWV��7KHVH�IDFWRUV�VKRXOG�EH�FRQVLGHUHG�ZKHQ�GHVLJQLQJ�VFKHPDV
IRU�+%DVH��EXW�IDU�DQG�DZD\�WKH�PRVW�LPSRUWDQW�FRQFHUQ�ZKHQ�GHVLJQLQJ�VFKHPDV�LV
FRQVLGHULQJ�KRZ�WKH�GDWD�ZLOO�EH�DFFHVVHG��$OO�DFFHVV�LV�YLD�SULPDU\�NH\��VR�WKH�NH\
GHVLJQ�VKRXOG�OHQG�LWVHOI�WR�KRZ�WKH�GDWD�LV�JRLQJ�WR�EH�TXHULHG��7KH�RWKHU�SURSHUW\�WR
NHHS�LQ�PLQG�ZKHQ�GHVLJQLQJ�VFKHPDV�LV�WKDW�D�GHILQLQJ�DWWULEXWH�RI�FROXPQ��IDPLO\��
RULHQWHG�VWRUHV��VXFK�DV�+%DVH��LV�WKH�DELOLW\�WR�KRVW�ZLGH�DQG�VSDUVHO\�SRSXODWHG�WDEOHV
DW�QR�LQFXUUHG�FRVW���

Joins
7KHUH�LV�QR�QDWLYH�GDWDEDVH�MRLQ�IDFLOLW\�LQ�+%DVH��EXW�ZLGH�WDEOHV�FDQ�PDNH�LW�VR�WKDW
WKHUH�LV�QR�QHHG�IRU�GDWDEDVH�MRLQV�WR�SXOO�IURP�VHFRQGDU\�RU�WHUWLDU\�WDEOHV��$�ZLGH�URZ
FDQ�VRPHWLPHV�EH�PDGH�WR�KROG�DOO�GDWD�WKDW�SHUWDLQV�WR�D�SDUWLFXODU�SULPDU\�NH\�

Row keys
7DNH�WLPH�GHVLJQLQJ�\RXU�URZ�NH\��,Q�WKH�ZHDWKHU�GDWD�H[DPSOH�LQ�WKLV�FKDSWHU��WKH
FRPSRXQG�URZ�NH\�KDV�D�VWDWLRQ�SUHIL[�WKDW�VHUYHG�WR�JURXS�WHPSHUDWXUHV�E\�VWDWLRQ�
7KH�UHYHUVHG�WLPHVWDPS�VXIIL[�PDGH�LW�VR�WHPSHUDWXUHV�FRXOG�EH�VFDQQHG�DQG�RUGHUHG
IURP�PRVW�UHFHQW�WR�ROGHVW��$�VPDUW�FRPSRXQG�NH\�FDQ�EH�XVHG�WR�FOXVWHU�GDWD�LQ�ZD\V
DPHQDEOH�WR�KRZ�LW�ZLOO�EH�DFFHVVHG�

'HVLJQLQJ�FRPSRXQG�NH\V��\RX�PD\�KDYH�WR�]HUR�SDG�QXPEHU�FRPSRQHQWV�VR�URZ�NH\V
VRUW�SURSHUO\��2WKHUZLVH��\RX�ZLOO�UXQ�LQWR�WKH�LVVXH�ZKHUH����VRUWV�EHIRUH���ZKHQ�RQO\
WKH�E\WH�RUGHU�LV�FRQVLGHUHG�����VRUWV�EHIRUH�����

,I�\RXU�NH\V�DUH�LQWHJHUV��XVH�D�ELQDU\�UHSUHVHQWDWLRQ�UDWKHU�WKDQ�SHUVLVW�WKH�VWULQJ�YHU�
VLRQ�RI�D�QXPEHU��7KH�IRUPHU�FRQVXPHV�OHVV�VSDFH�

Counters
$W�6WXPEOH8SRQ��WKH�ILUVW�SURGXFWLRQ�IHDWXUH�GHSOR\HG�RQ�+%DVH�ZDV�NHHSLQJ�FRXQWHUV
IRU�WKH�stumbleupon.com�IURQWHQG��&RXQWHUV�XVHG�WR�EH�NHSW�LQ�0\64/��EXW�WKH�UDWH�RI
FKDQJH�ZDV�VXFK�WKDW�GURSV�ZHUH�IUHTXHQW��DQG�WKH�ORDG�LPSRVHG�E\�WKH�FRXQWHU�ZULWHV
ZDV�VXFK�WKDW�ZHE�GHVLJQHUV�VHOI�LPSRVHG�OLPLWV�RQ�ZKDW�ZDV�FRXQWHG��8VLQJ�WKH�incre
mentColumnValue()�PHWKRG�RQ�org.apache.hadoop.hbase.HTable��FRXQWHUV�FDQ�EH� LQ�
FUHPHQWHG�PDQ\�WKRXVDQGV�RI�WLPHV�D�VHFRQG�

Bulk Load
+%DVH�KDV�DQ�HIILFLHQW�IDFLOLW\�IRU�EXON�ORDGLQJ�+%DVH�E\�ZULWLQJ�LWV�LQWHUQDO�GDWD�IRUPDW
GLUHFWO\�LQWR�WKH�ILOHV\VWHP�IURP�0DS5HGXFH��*RLQJ�WKLV�URXWH��LW¦V�SRVVLEOH�WR�ORDG�DQ
+%DVH�LQVWDQFH�DW�UDWHV�WKDW�DUH�DQ�RUGHU�RI�PDJQLWXGH�RU�PRUH�EH\RQG�WKRVH�DWWDLQDEOH

��� 6HH�£&ROXPQ�6WRUHV�IRU�:LGH�DQG�6SDUVH�'DWD¤�E\�'DQLHO�-��$EDGL�
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E\�ZULWLQJ�YLD�WKH�+%DVH�FOLHQW�$3,��7KH�IDFLOLW\�LV�GHVFULEHG�DW�KWWS���KEDVH�DSDFKH�RUJ�
GRFV�FXUUHQW�EXON�ORDGV�KWPO��,W¦V�DOVR�SRVVLEOH�WR�EXON�ORDG�LQWR�D�OLYH�WDEOH�
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CHAPTER 14

ZooKeeper

6R�IDU�LQ�WKLV�ERRN��ZH�KDYH�EHHQ�VWXG\LQJ�ODUJH�VFDOH�GDWD�SURFHVVLQJ��7KLV�FKDSWHU�LV
GLIIHUHQW�� LW� LV� DERXW� EXLOGLQJ� JHQHUDO� GLVWULEXWHG� DSSOLFDWLRQV� XVLQJ�+DGRRS¦V� GLV�
WULEXWHG�FRRUGLQDWLRQ�VHUYLFH��FDOOHG�=RR.HHSHU�

:ULWLQJ�GLVWULEXWHG�DSSOLFDWLRQV�LV�KDUG��,W¦V�KDUG�SULPDULO\�EHFDXVH�RI�SDUWLDO�IDLOXUH�
:KHQ�D�PHVVDJH�LV�VHQW�DFURVV�WKH�QHWZRUN�EHWZHHQ�WZR�QRGHV�DQG�WKH�QHWZRUN�IDLOV�
WKH�VHQGHU�GRHV�QRW�NQRZ�ZKHWKHU�WKH�UHFHLYHU�JRW�WKH�PHVVDJH��,W�PD\�KDYH�JRWWHQ
WKURXJK�EHIRUH�WKH�QHWZRUN�IDLOHG��RU�LW�PD\�QRW�KDYH��2U�SHUKDSV�WKH�UHFHLYHU¦V�SURFHVV
GLHG��7KH�RQO\�ZD\�WKDW�WKH�VHQGHU�FDQ�ILQG�RXW�ZKDW�KDSSHQHG�LV�WR�UHFRQQHFW�WR�WKH
UHFHLYHU�DQG�DVN�LW��7KLV�LV�SDUWLDO�IDLOXUH��ZKHQ�ZH�GRQ¦W�HYHQ�NQRZ�LI�DQ�RSHUDWLRQ
IDLOHG�

=RR.HHSHU�FDQ¦W�PDNH�SDUWLDO�IDLOXUHV�JR�DZD\��VLQFH�WKH\�DUH�LQWULQVLF�WR�GLVWULEXWHG
V\VWHPV��,W�FHUWDLQO\�GRHV�QRW�KLGH�SDUWLDO�IDLOXUHV��HLWKHU���%XW�ZKDW�=RR.HHSHU�GRHV
GR�LV�JLYH�\RX�D�VHW�RI�WRROV�WR�EXLOG�GLVWULEXWHG�DSSOLFDWLRQV�WKDW�FDQ�VDIHO\�KDQGOH
SDUWLDO�IDLOXUHV�

=RR.HHSHU�DOVR�KDV�WKH�IROORZLQJ�FKDUDFWHULVWLFV�

=RR.HHSHU�LV�VLPSOH
=RR.HHSHU� LV��DW� LWV�FRUH��D�VWULSSHG�GRZQ�ILOHV\VWHP�WKDW�H[SRVHV�D�IHZ�VLPSOH
RSHUDWLRQV��DQG�VRPH�H[WUD�DEVWUDFWLRQV�VXFK�DV�RUGHULQJ�DQG�QRWLILFDWLRQV�

=RR.HHSHU�LV�H[SUHVVLYH
7KH�=RR.HHSHU�SULPLWLYHV�DUH�D�ULFK�VHW�RI�EXLOGLQJ�EORFNV�WKDW�FDQ�EH�XVHG�WR�EXLOG
D�ODUJH�FODVV�RI�FRRUGLQDWLRQ�GDWD�VWUXFWXUHV�DQG�SURWRFROV��([DPSOHV�LQFOXGH��GLV�
WULEXWHG�TXHXHV��GLVWULEXWHG�ORFNV��DQG�OHDGHU�HOHFWLRQ�DPRQJ�D�JURXS�RI�SHHUV�

�� 7KLV�LV�WKH�PHVVDJH�RI�-��:DOGR�HW�DO���£$�1RWH�RQ�'LVWULEXWHG�&RPSXWLQJ�¤���������KWWS���UHVHDUFK�VXQ
�FRP�WHFKUHS������VPOLBWU�������SGI��7KDW�LV��GLVWULEXWHG�SURJUDPPLQJ�LV�IXQGDPHQWDOO\�GLIIHUHQW�IURP
ORFDO�SURJUDPPLQJ��DQG�WKH�GLIIHUHQFHV�FDQQRW�VLPSO\�EH�SDSHUHG�RYHU�
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=RR.HHSHU�LV�KLJKO\�DYDLODEOH
=RR.HHSHU�UXQV�RQ�D�FROOHFWLRQ�RI�PDFKLQHV�DQG�LV�GHVLJQHG�WR�EH�KLJKO\�DYDLODEOH�
VR�DSSOLFDWLRQV�FDQ�GHSHQG�RQ�LW��=RR.HHSHU�FDQ�KHOS�\RX�DYRLG�LQWURGXFLQJ�VLQJOH
SRLQWV�RI�IDLOXUH�LQWR�\RXU�V\VWHP��VR�\RX�FDQ�EXLOG�D�UHOLDEOH�DSSOLFDWLRQ�

=RR.HHSHU�IDFLOLWDWHV�ORRVHO\�FRXSOHG�LQWHUDFWLRQV
=RR.HHSHU�LQWHUDFWLRQV�VXSSRUW�SDUWLFLSDQWV�WKDW�GR�QRW�QHHG�WR�NQRZ�DERXW�RQH
DQRWKHU��)RU�H[DPSOH��=RR.HHSHU�FDQ�EH�XVHG�DV�D�UHQGH]YRXV�PHFKDQLVP�VR�WKDW
SURFHVVHV�WKDW�RWKHUZLVH�GRQ¦W�NQRZ�RI�HDFK�RWKHU¦V�H[LVWHQFH��RU�QHWZRUN�GHWDLOV�
FDQ�GLVFRYHU�DQG�LQWHUDFW�ZLWK�HDFK�RWKHU��&RRUGLQDWLQJ�SDUWLHV�PD\�QRW�HYHQ�EH
FRQWHPSRUDQHRXV��VLQFH�RQH�SURFHVV�PD\�OHDYH�D�PHVVDJH� LQ�=RR.HHSHU�WKDW� LV
UHDG�E\�DQRWKHU�DIWHU�WKH�ILUVW�KDV�VKXW�GRZQ�

=RR.HHSHU�LV�D�OLEUDU\
=RR.HHSHU�SURYLGHV�DQ�RSHQ�VRXUFH��VKDUHG�UHSRVLWRU\�RI� LPSOHPHQWDWLRQV�DQG
UHFLSHV�RI�FRPPRQ�FRRUGLQDWLRQ�SDWWHUQV��,QGLYLGXDO�SURJUDPPHUV�DUH�VSDUHG�WKH
EXUGHQ�RI�ZULWLQJ�FRPPRQ�SURWRFROV�WKHPVHOYHV��ZKLFK�DUH�RIWHQ�GLIILFXOW�WR�JHW
ULJKW���2YHU�WLPH��WKH�FRPPXQLW\�FDQ�DGG�WR�DQG�LPSURYH�WKH�OLEUDULHV��ZKLFK�LV
WR�HYHU\RQH¦V�EHQHILW�

=RR.HHSHU�LV�KLJKO\�SHUIRUPDQW��WRR��$W�<DKRR���ZKHUH�LW�ZDV�FUHDWHG��WKH�WKURXJKSXW
IRU�D�=RR.HHSHU�FOXVWHU�KDV�EHHQ�EHQFKPDUNHG�DW�RYHU��������RSHUDWLRQV�SHU�VHFRQG
IRU�ZULWH�GRPLQDQW�ZRUNORDGV�JHQHUDWHG�E\�KXQGUHGV�RI�FOLHQWV��)RU�ZRUNORDGV�ZKHUH
UHDGV�GRPLQDWH��ZKLFK�LV�WKH�QRUP��WKH�WKURXJKSXW�LV�VHYHUDO�WLPHV�KLJKHU��

Installing and Running ZooKeeper
:KHQ�WU\LQJ�RXW�=RR.HHSHU�IRU�WKH�ILUVW�WLPH��LW¦V�VLPSOHVW�WR�UXQ�LW�LQ�VWDQGDORQH�PRGH
ZLWK�D�VLQJOH�=RR.HHSHU�VHUYHU��<RX�FDQ�GR�WKLV�RQ�D�GHYHORSPHQW�PDFKLQH��IRU�H[DP�
SOH��=RR.HHSHU�UHTXLUHV�-DYD���WR�UXQ��VR�PDNH�VXUH�\RX�KDYH�LW�LQVWDOOHG�ILUVW��<RX�GRQ¦W
QHHG�&\JZLQ�WR�UXQ�=RR.HHSHU�RQ�:LQGRZV��VLQFH�WKHUH�DUH�:LQGRZV�YHUVLRQV�RI�WKH
=RR.HHSHU�VFULSWV���:LQGRZV�LV�VXSSRUWHG�RQO\�DV�D�GHYHORSPHQW�SODWIRUP��QRW�DV�D
SURGXFWLRQ�SODWIRUP��

'RZQORDG�D�VWDEOH�UHOHDVH�RI�=RR.HHSHU�IURP�WKH�$SDFKH�=RR.HHSHU�UHOHDVHV�SDJH�DW
KWWS���]RRNHHSHU�DSDFKH�RUJ�UHOHDVHV�KWPO��DQG�XQSDFN�WKH�WDUEDOO�LQ�D�VXLWDEOH�ORFDWLRQ�

% tar xzf zookeeper-x.y.z.tar.gz

=RR.HHSHU�SURYLGHV�D�IHZ�ELQDULHV�WR�UXQ�DQG�LQWHUDFW�ZLWK�WKH�VHUYLFH��DQG�LW¦V�FRQ�
YHQLHQW�WR�SXW�WKH�GLUHFWRU\�FRQWDLQLQJ�WKH�ELQDULHV�RQ�\RXU�FRPPDQG�OLQH�SDWK�

% export ZOOKEEPER_INSTALL=/home/tom/zookeeper-x.y.z
% export PATH=$PATH:$ZOOKEEPER_INSTALL/bin

�� 'HWDLOHG�EHQFKPDUNV�DUH�DYDLODEOH�LQ�WKH�H[FHOOHQW�SDSHU�£=RR.HHSHU��:DLW�IUHH�FRRUGLQDWLRQ�IRU�,QWHUQHW�
VFDOH�V\VWHPV�¤�E\�3DWULFN�+XQW��0DKDGHY�.RQDU��)ODYLR�3�� -XQTXHLUD��DQG�%HQMDPLQ�5HHG��86(1,;
$QQXDO�7HFKQRORJ\�&RQIHUHQFH��������
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%HIRUH�UXQQLQJ�WKH�=RR.HHSHU�VHUYLFH��ZH�QHHG�WR�VHW�XS�D�FRQILJXUDWLRQ�ILOH��7KH�FRQ�
ILJXUDWLRQ�ILOH�LV�FRQYHQWLRQDOO\�FDOOHG�]RR�FIJ�DQG�SODFHG�LQ�WKH�FRQI�VXEGLUHFWRU\��DO�
WKRXJK� \RX� FDQ� DOVR� SODFH� LW� LQ� �HWF�]RRNHHSHU�� RU� LQ� WKH� GLUHFWRU\� GHILQHG� E\� WKH�
ZOOCFGDIR�HQYLURQPHQW�YDULDEOH��LI�VHW���+HUH¦V�DQ�H[DPSOH�

tickTime=2000
dataDir=/Users/tom/zookeeper
clientPort=2181

7KLV�LV�D�VWDQGDUG�-DYD�SURSHUWLHV�ILOH��DQG�WKH�WKUHH�SURSHUWLHV�GHILQHG�LQ�WKLV�H[DPSOH
DUH� WKH� PLQLPXP� UHTXLUHG� IRU� UXQQLQJ� =RR.HHSHU� LQ� VWDQGDORQH� PRGH�� %ULHIO\��
tickTime�LV�WKH�EDVLF�WLPH�XQLW�LQ�=RR.HHSHU��VSHFLILHG�LQ�PLOOLVHFRQGV���dataDir�LV�WKH
ORFDO�ILOHV\VWHP�ORFDWLRQ�ZKHUH�=RR.HHSHU�VWRUHV�SHUVLVWHQW�GDWD��DQG�clientPort�LV�WKH
SRUW�WKH�=RR.HHSHU�OLVWHQV�RQ�IRU�FOLHQW�FRQQHFWLRQV�������LV�D�FRPPRQ�FKRLFH���<RX
VKRXOG�FKDQJH�dataDir�WR�DQ�DSSURSULDWH�VHWWLQJ�IRU�\RXU�V\VWHP�

:LWK�D�VXLWDEOH�FRQILJXUDWLRQ�GHILQHG��ZH�DUH�QRZ�UHDG\�WR�VWDUW�D�ORFDO�=RR.HHSHU
VHUYHU�

% zkServer.sh start

7R�FKHFN�ZKHWKHU�=RR.HHSHU�LV�UXQQLQJ��VHQG�WKH�ruok�FRPPDQG��£$UH�\RX�2."¤��WR
WKH�FOLHQW�SRUW�XVLQJ�nc��telnet�ZRUNV��WRR��

% echo ruok | nc localhost 2181
imok

7KDW¦V�=RR.HHSHU�VD\LQJ��£,¦P�2.�¤�7KHUH�DUH�RWKHU�FRPPDQGV��NQRZQ�DV�WKH�£IRXU�
OHWWHU�ZRUGV�¤�IRU�PDQDJLQJ�=RR.HHSHU�DQG�WKH\�DUH�OLVWHG�LQ�7DEOH������

7DEOH�������=RR.HHSHU�FRPPDQGV��WKH�IRXU�OHWWHU�ZRUGV

Category Command Description

Server status ruok Prints imok if the server is running and not in an error state.

 conf Prints the server configuration (from zoo.cfg).

 envi Prints the server environment, including ZooKeeper version, Java version and other system
properties.

 srvr Prints server statistics, including latency statistics, the number of znodes, and the server
mode (standalone, leader or follower).

 stat Prints server statistics and connected clients.

 srst Resets server statistics.

 isro Shows whether the server is in read-only (ro) mode (due to a network partition) or read-
write mode (rw).

Client connections dump Lists all the sessions and ephemeral znodes for the ensemble. You must connect to the
leader (see srvr) for this command.

 cons Lists connection statistics for all the server’s clients.

 crst Resets connection statistics.

Watches wchs Lists summary information for the server’s watches.
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Category Command Description

 wchc Lists all the server’s watches by connection. Caution: may impact server performance for
large number of watches.

 wchp Lists all the server’s watches by znode path. Caution: may impact server performance for
large number of watches.

Monitoring mntr Lists server statistics in Java Properties format, suitable as a source for monitoring systems
such as Ganglia and Nagios.

,Q�DGGLWLRQ�WR� WKH�mntr�FRPPDQG��=RR.HHSHU�H[SRVHV�VWDWLVWLFV�YLD�-0;��)RU�PRUH
GHWDLOV��VHH�WKH�=RR.HHSHU�GRFXPHQWDWLRQ�DW�KWWS���]RRNHHSHU�DSDFKH�RUJ���7KHUH�DUH
DOVR�PRQLWRULQJ�WRROV�DQG�UHFLSHV�LQ�WKH�VUF�FRQWULE�GLUHFWRU\�RI�WKH�GLVWULEXWLRQ�

An Example
,PDJLQH�D�JURXS�RI�VHUYHUV�WKDW�SURYLGH�VRPH�VHUYLFH�WR�FOLHQWV��:H�ZDQW�FOLHQWV�WR�EH
DEOH�WR�ORFDWH�RQH�RI�WKH�VHUYHUV�VR�WKH\�FDQ�XVH�WKH�VHUYLFH��2QH�RI�WKH�FKDOOHQJHV�LV
PDLQWDLQLQJ�WKH�OLVW�RI�VHUYHUV�LQ�WKH�JURXS�

7KH�PHPEHUVKLS�OLVW�FOHDUO\�FDQQRW�EH�VWRUHG�RQ�D�VLQJOH�QRGH�LQ�WKH�QHWZRUN��DV�WKH
IDLOXUH�RI�WKDW�QRGH�ZRXOG�PHDQ�WKH�IDLOXUH�RI�WKH�ZKROH�V\VWHP��ZH�ZRXOG�OLNH�WKH�OLVW
WR�EH�KLJKO\�DYDLODEOH���6XSSRVH�IRU�D�PRPHQW�WKDW�ZH�KDG�D�UREXVW�ZD\�RI�VWRULQJ�WKH
OLVW��:H�ZRXOG�VWLOO�KDYH�WKH�SUREOHP�RI�KRZ�WR�UHPRYH�D�VHUYHU�IURP�WKH�OLVW�LI�LW�IDLOHG�
6RPH�SURFHVV�QHHGV�WR�EH�UHVSRQVLEOH�IRU�UHPRYLQJ�IDLOHG�VHUYHUV��EXW�QRWH�WKDW�LW�FDQ¦W
EH�WKH�VHUYHUV�WKHPVHOYHV�EHFDXVH�WKH\�DUH�QR�ORQJHU�UXQQLQJ�

:KDW�ZH�DUH�GHVFULELQJ�LV�QRW�D�SDVVLYH�GLVWULEXWHG�GDWD�VWUXFWXUH��EXW�DQ�DFWLYH�RQH�
DQG�RQH�WKDW�FDQ�FKDQJH�WKH�VWDWH�RI�DQ�HQWU\�ZKHQ�VRPH�H[WHUQDO�HYHQW�RFFXUV��=RR�
.HHSHU�SURYLGHV�WKLV�VHUYLFH��VR�OHW¦V�VHH�KRZ�WR�EXLOG�WKLV�JURXS�PHPEHUVKLS�DSSOLFD�
WLRQ��DV�LW�LV�NQRZQ��ZLWK�LW�

Group Membership in ZooKeeper
2QH�ZD\�RI�XQGHUVWDQGLQJ�=RR.HHSHU�LV�WR�WKLQN�RI�LW�DV�SURYLGLQJ�D�KLJK�DYDLODELOLW\
ILOHV\VWHP��,W�GRHVQ¦W�KDYH�ILOHV�DQG�GLUHFWRULHV��EXW�D�XQLILHG�FRQFHSW�RI�D�QRGH��FDOOHG
D�]QRGH��ZKLFK�DFWV�ERWK�DV�D�FRQWDLQHU�RI�GDWD��OLNH�D�ILOH��DQG�D�FRQWDLQHU�RI�RWKHU
]QRGHV��OLNH�D�GLUHFWRU\���=QRGHV�IRUP�D�KLHUDUFKLFDO�QDPHVSDFH��DQG�D�QDWXUDO�ZD\�WR
EXLOG�D�PHPEHUVKLS�OLVW�LV�WR�FUHDWH�D�SDUHQW�]QRGH�ZLWK�WKH�QDPH�RI�WKH�JURXS�DQG
FKLOG� ]QRGHV� ZLWK� WKH� QDPH� RI� WKH� JURXS� PHPEHUV� �VHUYHUV��� 7KLV� LV� VKRZQ� LQ
)LJXUH������
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)LJXUH�������=RR.HHSHU�]QRGHV

,Q�WKLV�H[DPSOH��ZH�ZRQ¦W�VWRUH�GDWD�LQ�DQ\�RI�WKH�]QRGHV��EXW�LQ�D�UHDO�DSSOLFDWLRQ��\RX
FRXOG�LPDJLQH�VWRULQJ�GDWD�DERXW�WKH�PHPEHUV��VXFK�DV�KRVWQDPHV��LQ�WKHLU�]QRGHV�

Creating the Group
/HW¦V�LQWURGXFH�=RR.HHSHU¦V�-DYD�$3,�E\�ZULWLQJ�D�SURJUDP�WR�FUHDWH�D�]QRGH�IRU�WKH
JURXS��ZKLFK�LV��]RR�LQ�([DPSOH�([DPSOH������

([DPSOH�������$�SURJUDP�WR�FUHDWH�D�]QRGH�UHSUHVHQWLQJ�D�JURXS�LQ�=RR.HHSHU

public class CreateGroup implements Watcher {
  
  private static final int SESSION_TIMEOUT = 5000;
  
  private ZooKeeper zk;
  private CountDownLatch connectedSignal = new CountDownLatch(1);
  
  public void connect(String hosts) throws IOException, InterruptedException {
    zk = new ZooKeeper(hosts, SESSION_TIMEOUT, this);
    connectedSignal.await();
  }
  
  @Override
  public void process(WatchedEvent event) { // Watcher interface
    if (event.getState() == KeeperState.SyncConnected) {
      connectedSignal.countDown();
    }
  }
  
  public void create(String groupName) throws KeeperException,
      InterruptedException {
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    String path = "/" + groupName;
    String createdPath = zk.create(path, null/*data*/, Ids.OPEN_ACL_UNSAFE,
        CreateMode.PERSISTENT);
    System.out.println("Created " + createdPath);
  }
  
  public void close() throws InterruptedException {
    zk.close();
  }

  public static void main(String[] args) throws Exception {
    CreateGroup createGroup = new CreateGroup();
    createGroup.connect(args[0]);
    createGroup.create(args[1]);
    createGroup.close();
  }
}

:KHQ�WKH�main()�PHWKRG�LV�UXQ��LW�FUHDWHV�D�CreateGroup�LQVWDQFH�DQG�WKHQ�FDOOV�LWV�
connect()�PHWKRG��7KLV�PHWKRG�LQVWDQWLDWHV�D�QHZ�ZooKeeper�REMHFW��ZKLFK�LV�WKH�FHQ�
WUDO�FODVV�RI�WKH�FOLHQW�$3,�DQG�WKH�RQH�WKDW�PDLQWDLQV�WKH�FRQQHFWLRQ�EHWZHHQ�WKH�FOLHQW
DQG�WKH�=RR.HHSHU�VHUYLFH��7KH�FRQVWUXFWRU�WDNHV�WKUHH�DUJXPHQWV��WKH�ILUVW�LV�WKH�KRVW
DGGUHVV� �DQG�RSWLRQDO�SRUW��ZKLFK�GHIDXOWV� WR�������RI� WKH�=RR.HHSHU�VHUYLFH��� WKH
VHFRQG�LV�WKH�VHVVLRQ�WLPHRXW�LQ�PLOOLVHFRQGV��ZKLFK�ZH�VHW�WR���VHFRQGV���H[SODLQHG�LQ
PRUH�GHWDLO�ODWHU��DQG�WKH�WKLUG�LV�DQ�LQVWDQFH�RI�D�Watcher�REMHFW��7KH�Watcher�REMHFW
UHFHLYHV�FDOOEDFNV� IURP�=RR.HHSHU� WR� LQIRUP� LW�RI�YDULRXV�HYHQWV�� ,Q� WKLV� VFHQDULR��
CreateGroup�LV�D�Watcher��VR�ZH�SDVV�WKLV�WR�WKH�ZooKeeper�FRQVWUXFWRU�

:KHQ�D�ZooKeeper�LQVWDQFH�LV�FUHDWHG��LW�VWDUWV�D�WKUHDG�WR�FRQQHFW�WR�WKH�=RR.HHSHU
VHUYLFH��7KH�FDOO�WR�WKH�FRQVWUXFWRU�UHWXUQV�LPPHGLDWHO\��VR�LW�LV�LPSRUWDQW�WR�ZDLW�IRU
WKH�FRQQHFWLRQ�WR�EH�HVWDEOLVKHG�EHIRUH�XVLQJ�WKH�ZooKeeper�REMHFW��:H�PDNH�XVH�RI
-DYD¦V�CountDownLatch�FODVV��LQ�WKH�java.util.concurrent�SDFNDJH��WR�EORFN�XQWLO�WKH
ZooKeeper�LQVWDQFH�LV�UHDG\��7KLV�LV�ZKHUH�WKH�Watcher�FRPHV�LQ��7KH�Watcher�LQWHUIDFH
KDV�D�VLQJOH�PHWKRG�

public void process(WatchedEvent event);

:KHQ� WKH� FOLHQW� KDV� FRQQHFWHG� WR� =RR.HHSHU�� WKH� Watcher� UHFHLYHV� D� FDOO� WR� LWV�
process()�PHWKRG�ZLWK�DQ�HYHQW�LQGLFDWLQJ�WKDW�LW�KDV�FRQQHFWHG��2Q�UHFHLYLQJ�D�FRQ�
QHFWLRQ� HYHQW� �UHSUHVHQWHG� E\� WKH� Watcher.Event.KeeperState� HQXP�� ZLWK� YDOXH
SyncConnected��� ZH� GHFUHPHQW� WKH� FRXQWHU� LQ� WKH� CountDownLatch�� XVLQJ� LWV� count
Down()�PHWKRG��7KH�ODWFK�ZDV�FUHDWHG�ZLWK�D�FRXQW�RI�RQH��UHSUHVHQWLQJ�WKH�QXPEHU�RI
HYHQWV� WKDW� QHHG� WR� RFFXU� EHIRUH� LW� UHOHDVHV� DOO�ZDLWLQJ� WKUHDGV��$IWHU� FDOOLQJ� count
Down()�RQFH��WKH�FRXQWHU�UHDFKHV�]HUR�DQG�WKH�await()�PHWKRG�UHWXUQV�

7KH�connect()�PHWKRG�KDV�QRZ�UHWXUQHG��DQG�WKH�QH[W�PHWKRG�WR�EH�LQYRNHG�RQ�WKH�
CreateGroup�LV�WKH�create()�PHWKRG��,Q�WKLV�PHWKRG��ZH�FUHDWH�D�QHZ�=RR.HHSHU�]QRGH

�� )RU� D� UHSOLFDWHG�=RR.HHSHU� VHUYLFH�� WKLV� SDUDPHWHU� LV� WKH� FRPPD�VHSDUDWHG� OLVW� RI� VHUYHUV� �KRVW� DQG
RSWLRQDO�SRUW��LQ�WKH�HQVHPEOH�
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XVLQJ�WKH�create()�PHWKRG�RQ�WKH�ZooKeeper�LQVWDQFH��7KH�DUJXPHQWV�LW�WDNHV�DUH�WKH
SDWK��UHSUHVHQWHG�E\�D�VWULQJ���WKH�FRQWHQWV�RI�WKH�]QRGH��D�E\WH�DUUD\��null�KHUH���DQ
DFFHVV�FRQWURO�OLVW��RU�$&/�IRU�VKRUW��ZKLFK�KHUH�LV�D�FRPSOHWHO\�RSHQ�$&/��DOORZLQJ
DQ\�FOLHQW�WR�UHDG�IURP�RU�ZULWH�WR�WKH�]QRGH���DQG�WKH�QDWXUH�RI�WKH�]QRGH�WR�EH�FUHDWHG�

=QRGHV�PD\�EH�HSKHPHUDO�RU�SHUVLVWHQW��$Q�HSKHPHUDO�]QRGH�ZLOO�EH�GHOHWHG�E\�WKH
=RR.HHSHU�VHUYLFH�ZKHQ�WKH�FOLHQW�WKDW�FUHDWHG�LW�GLVFRQQHFWV��HLWKHU�E\�H[SOLFLWO\�GLV�
FRQQHFWLQJ�RU�LI�WKH�FOLHQW�WHUPLQDWHV�IRU�ZKDWHYHU�UHDVRQ��$�SHUVLVWHQW�]QRGH��RQ�WKH
RWKHU�KDQG��LV�QRW�GHOHWHG�ZKHQ�WKH�FOLHQW�GLVFRQQHFWV��:H�ZDQW�WKH�]QRGH�UHSUHVHQWLQJ
D�JURXS�WR�OLYH�ORQJHU�WKDQ�WKH�OLIHWLPH�RI�WKH�SURJUDP�WKDW�FUHDWHV�LW��VR�ZH�FUHDWH�D
SHUVLVWHQW�]QRGH�

7KH�UHWXUQ�YDOXH�RI�WKH�create()�PHWKRG�LV�WKH�SDWK�WKDW�ZDV�FUHDWHG�E\�=RR.HHSHU�
:H�XVH�LW�WR�SULQW�D�PHVVDJH�WKDW�WKH�SDWK�ZDV�VXFFHVVIXOO\�FUHDWHG��:H�ZLOO�VHH�KRZ
WKH�SDWK�UHWXUQHG�E\�create()�PD\�GLIIHU�IURP�WKH�RQH�SDVVHG�LQWR�WKH�PHWKRG�ZKHQ
ZH�ORRN�DW�VHTXHQWLDO�]QRGHV�

7R�VHH�WKH�SURJUDP�LQ�DFWLRQ��ZH�QHHG�WR�KDYH�=RR.HHSHU�UXQQLQJ�RQ�WKH�ORFDO�PDFKLQH�
DQG�WKHQ�ZH�FDQ�W\SH�

% export CLASSPATH=ch14/target/classes/:$ZOOKEEPER_INSTALL/*:$ZOOKEEPER_INSTALL/lib/*:\
$ZOOKEEPER_INSTALL/conf
% java CreateGroup localhost zoo
Created /zoo

Joining a Group
7KH�QH[W�SDUW�RI�WKH�DSSOLFDWLRQ�LV�D�SURJUDP�WR�UHJLVWHU�D�PHPEHU�LQ�D�JURXS��(DFK
PHPEHU�ZLOO�UXQ�DV�D�SURJUDP�DQG�MRLQ�D�JURXS��:KHQ�WKH�SURJUDP�H[LWV��LW�VKRXOG�EH
UHPRYHG�IURP�WKH�JURXS��ZKLFK�ZH�FDQ�GR�E\�FUHDWLQJ�DQ�HSKHPHUDO�]QRGH�WKDW�UHS�
UHVHQWV�LW�LQ�WKH�=RR.HHSHU�QDPHVSDFH�

7KH�JoinGroup�SURJUDP�LPSOHPHQWV�WKLV�LGHD��DQG�LWV�OLVWLQJ�LV�LQ�([DPSOH�������7KH
ORJLF�IRU�FUHDWLQJ�DQG�FRQQHFWLQJ�WR�D�ZooKeeper�LQVWDQFH�KDV�EHHQ�UHIDFWRUHG�LQWR�D�EDVH
FODVV��ConnectionWatcher��DQG�DSSHDUV�LQ�([DPSOH������

([DPSOH�������$�SURJUDP�WKDW�MRLQV�D�JURXS

public class JoinGroup extends ConnectionWatcher {
  
  public void join(String groupName, String memberName) throws KeeperException,
      InterruptedException {
    String path = "/" + groupName + "/" + memberName;
    String createdPath = zk.create(path, null/*data*/, Ids.OPEN_ACL_UNSAFE,
      CreateMode.EPHEMERAL);
    System.out.println("Created " + createdPath);
  }
  
  public static void main(String[] args) throws Exception {
    JoinGroup joinGroup = new JoinGroup();
    joinGroup.connect(args[0]);
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    joinGroup.join(args[1], args[2]);
    
    // stay alive until process is killed or thread is interrupted
    Thread.sleep(Long.MAX_VALUE);
  }
}

([DPSOH�������$�KHOSHU�FODVV�WKDW�ZDLWV�IRU�WKH�FRQQHFWLRQ�WR�=RR.HHSHU�WR�EH�HVWDEOLVKHG

public class ConnectionWatcher implements Watcher {
  
  private static final int SESSION_TIMEOUT = 5000;

  protected ZooKeeper zk;
  private CountDownLatch connectedSignal = new CountDownLatch(1);

  public void connect(String hosts) throws IOException, InterruptedException {
    zk = new ZooKeeper(hosts, SESSION_TIMEOUT, this);
    connectedSignal.await();
  }
  
  @Override
  public void process(WatchedEvent event) {
    if (event.getState() == KeeperState.SyncConnected) {
      connectedSignal.countDown();
    }
  }
  
  public void close() throws InterruptedException {
    zk.close();
  }
}

7KH�FRGH�IRU�JoinGroup�LV�YHU\�VLPLODU�WR�CreateGroup��,W�FUHDWHV�DQ�HSKHPHUDO�]QRGH�DV
D�FKLOG�RI�WKH�JURXS�]QRGH�LQ�LWV�join()�PHWKRG��WKHQ�VLPXODWHV�GRLQJ�ZRUN�RI�VRPH
NLQG�E\�VOHHSLQJ�XQWLO�WKH�SURFHVV�LV�IRUFLEO\�WHUPLQDWHG��/DWHU��\RX�ZLOO�VHH�WKDW�XSRQ
WHUPLQDWLRQ��WKH�HSKHPHUDO�]QRGH�LV�UHPRYHG�E\�=RR.HHSHU�

Listing Members in a Group
1RZ�ZH�QHHG�D�SURJUDP�WR�ILQG�WKH�PHPEHUV�LQ�D�JURXS��VHH�([DPSOH�������

([DPSOH�������$�SURJUDP�WR�OLVW�WKH�PHPEHUV�LQ�D�JURXS

public class ListGroup extends ConnectionWatcher {
    
  public void list(String groupName) throws KeeperException,
      InterruptedException {
    String path = "/" + groupName;
    
    try {
      List<String> children = zk.getChildren(path, false);
      if (children.isEmpty()) {
        System.out.printf("No members in group %s\n", groupName);

496 | Chapter 14:ಗZooKeeper



        System.exit(1);
      }
      for (String child : children) {
        System.out.println(child);
      }
    } catch (KeeperException.NoNodeException e) {
      System.out.printf("Group %s does not exist\n", groupName);
      System.exit(1);
    }
  }
  
  public static void main(String[] args) throws Exception {
    ListGroup listGroup = new ListGroup();
    listGroup.connect(args[0]);
    listGroup.list(args[1]);
    listGroup.close();
  }
}

,Q�WKH�list()�PHWKRG��ZH�FDOO�getChildren()�ZLWK�D�]QRGH�SDWK�DQG�D�ZDWFK�IODJ�WR
UHWULHYH�D�OLVW�RI�FKLOG�SDWKV�IRU�WKH�]QRGH��ZKLFK�ZH�SULQW�RXW��3ODFLQJ�D�ZDWFK�RQ�D
]QRGH�FDXVHV�WKH�UHJLVWHUHG�Watcher�WR�EH�WULJJHUHG�LI�WKH�]QRGH�FKDQJHV�VWDWH��$OWKRXJK
ZH¦UH�QRW�XVLQJ�LW�KHUH��ZDWFKLQJ�D�]QRGH¦V�FKLOGUHQ�ZRXOG�SHUPLW�D�SURJUDP�WR�JHW
QRWLILFDWLRQV�RI�PHPEHUV�MRLQLQJ�RU�OHDYLQJ�WKH�JURXS��RU�RI�WKH�JURXS�EHLQJ�GHOHWHG�

:H� FDWFK�KeeperException.NoNodeException��ZKLFK� LV� WKURZQ� LQ� WKH� FDVH�ZKHQ� WKH
JURXS¦V�]QRGH�GRHV�QRW�H[LVW�

/HW¦V�VHH�ListGroup�LQ�DFWLRQ��$V�H[SHFWHG��WKH�zoo�JURXS�LV�HPSW\��VLQFH�ZH�KDYHQ¦W
DGGHG�DQ\�PHPEHUV�\HW�

% java ListGroup localhost zoo
No members in group zoo

:H�FDQ�XVH�JoinGroup� WR�DGG�VRPH�PHPEHUV��:H�ODXQFK�WKHP�DV�EDFNJURXQG�SUR�
FHVVHV��VLQFH�WKH\�GRQ¦W�WHUPLQDWH�RQ�WKHLU�RZQ��GXH�WR�WKH�VOHHS�VWDWHPHQW��

% java JoinGroup localhost zoo duck &
% java JoinGroup localhost zoo cow &
% java JoinGroup localhost zoo goat &
% goat_pid=$!

7KH�ODVW�OLQH�VDYHV�WKH�SURFHVV�,'�RI�WKH�-DYD�SURFHVV�UXQQLQJ�WKH�SURJUDP�WKDW�DGGV
goat�DV�D�PHPEHU��:H�QHHG�WR�UHPHPEHU�WKH�,'�VR�WKDW�ZH�FDQ�NLOO�WKH�SURFHVV�LQ�D
PRPHQW��DIWHU�FKHFNLQJ�WKH�PHPEHUV�

% java ListGroup localhost zoo
goat
duck
cow

7R�UHPRYH�D�PHPEHU��ZH�NLOO�LWV�SURFHVV�

        % kill $goat_pid
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$QG�D�IHZ�VHFRQGV�ODWHU��LW�KDV�GLVDSSHDUHG�IURP�WKH�JURXS�EHFDXVH�WKH�SURFHVV¦V�=RR�
.HHSHU�VHVVLRQ�KDV�WHUPLQDWHG��WKH�WLPHRXW�ZDV�VHW�WR���VHFRQGV��DQG�LWV�DVVRFLDWHG
HSKHPHUDO�QRGH�KDV�EHHQ�UHPRYHG�

% java ListGroup localhost zoo
duck
cow

/HW¦V�VWDQG�EDFN�DQG�VHH�ZKDW�ZH¦YH�EXLOW�KHUH��:H�KDYH�D�ZD\�RI�EXLOGLQJ�XS�D�OLVW�RI
D�JURXS�RI�QRGHV�WKDW�DUH�SDUWLFLSDWLQJ�LQ�D�GLVWULEXWHG�V\VWHP��7KH�QRGHV�PD\�KDYH�QR
NQRZOHGJH�RI�HDFK�RWKHU��$�FOLHQW�WKDW�ZDQWV�WR�XVH�WKH�QRGHV�LQ�WKH�OLVW�WR�SHUIRUP
VRPH�ZRUN��IRU�H[DPSOH��FDQ�GLVFRYHU�WKH�QRGHV�ZLWKRXW�WKHP�EHLQJ�DZDUH�RI�WKH�FOL�
HQW¦V�H[LVWHQFH�

)LQDOO\��QRWH�WKDW�JURXS�PHPEHUVKLS�LV�QRW�D�VXEVWLWXWLRQ�IRU�KDQGOLQJ�QHWZRUN�HUURUV
ZKHQ�FRPPXQLFDWLQJ�ZLWK�D�QRGH��(YHQ�LI�D�QRGH�LV�D�JURXS�PHPEHU��FRPPXQLFDWLRQV
ZLWK�LW�PD\�IDLO��DQG�VXFK�IDLOXUHV�PXVW�EH�KDQGOHG�LQ�WKH�XVXDO�ZD\V��UHWU\LQJ��WU\LQJ
D�GLIIHUHQW�PHPEHU�RI�WKH�JURXS��DQG�VR�RQ��

ZooKeeper command-line tools
=RR.HHSHU�FRPHV�ZLWK�D�FRPPDQG�OLQH�WRRO�IRU�LQWHUDFWLQJ�ZLWK�WKH�=RR.HHSHU�QDPH�
VSDFH��:H�FDQ�XVH�LW�WR�OLVW�WKH�]QRGHV�XQGHU�WKH��]RR�]QRGH�DV�IROORZV�

% zkCli.sh localhost ls /zoo
Processing ls
WatchedEvent: Server state change. New state: SyncConnected
[duck, cow]

<RX�FDQ�UXQ�WKH�FRPPDQG�ZLWKRXW�DUJXPHQWV�WR�GLVSOD\�XVDJH�LQVWUXFWLRQV�

Deleting a Group
7R�URXQG�RII�WKH�H[DPSOH��OHW¦V�VHH�KRZ�WR�GHOHWH�D�JURXS��7KH�ZooKeeper�FODVV�SURYLGHV
D�delete()�PHWKRG�WKDW�WDNHV�D�SDWK�DQG�D�YHUVLRQ�QXPEHU��=RR.HHSHU�ZLOO�GHOHWH�D
]QRGH�RQO\�LI�WKH�YHUVLRQ�QXPEHU�VSHFLILHG�LV�WKH�VDPH�DV�WKH�YHUVLRQ�QXPEHU�RI�WKH
]QRGH�LW�LV�WU\LQJ�WR�GHOHWH��DQ�RSWLPLVWLF�ORFNLQJ�PHFKDQLVP�WKDW�DOORZV�FOLHQWV�WR�GHWHFW
FRQIOLFWV�RYHU�]QRGH�PRGLILFDWLRQ��<RX�FDQ�E\SDVV�WKH�YHUVLRQ�FKHFN��KRZHYHU��E\�XVLQJ
D�YHUVLRQ�QXPEHU�RI�–1�WR�GHOHWH�WKH�]QRGH�UHJDUGOHVV�RI�LWV�YHUVLRQ�QXPEHU�

7KHUH�LV�QR�UHFXUVLYH�GHOHWH�RSHUDWLRQ�LQ�=RR.HHSHU��VR�\RX�KDYH�WR�GHOHWH�FKLOG�]QRGHV
EHIRUH�SDUHQWV��7KLV�LV�ZKDW�ZH�GR�LQ�WKH�DeleteGroup�FODVV��ZKLFK�ZLOO�UHPRYH�D�JURXS
DQG�DOO�LWV�PHPEHUV��([DPSOH�������

([DPSOH�������$�SURJUDP�WR�GHOHWH�D�JURXS�DQG�LWV�PHPEHUV

public class DeleteGroup extends ConnectionWatcher {
    
  public void delete(String groupName) throws KeeperException,
      InterruptedException {
    String path = "/" + groupName;
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    try {
      List<String> children = zk.getChildren(path, false);
      for (String child : children) {
        zk.delete(path + "/" + child, -1);
      }
      zk.delete(path, -1);
    } catch (KeeperException.NoNodeException e) {
      System.out.printf("Group %s does not exist\n", groupName);
      System.exit(1);
    }
  }
  
  public static void main(String[] args) throws Exception {
    DeleteGroup deleteGroup = new DeleteGroup();
    deleteGroup.connect(args[0]);
    deleteGroup.delete(args[1]);
    deleteGroup.close();
  }
}

)LQDOO\��ZH�FDQ�GHOHWH�WKH�zoo�JURXS�WKDW�ZH�FUHDWHG�HDUOLHU�

% java DeleteGroup localhost zoo
% java ListGroup localhost zoo
Group zoo does not exist

The ZooKeeper Service
=RR.HHSHU�LV�D�KLJKO\�DYDLODEOH��KLJK�SHUIRUPDQFH�FRRUGLQDWLRQ�VHUYLFH��,Q�WKLV�VHFWLRQ�
ZH� ORRN� DW� WKH� QDWXUH� RI� WKH� VHUYLFH� LW� SURYLGHV�� LWV� PRGHO�� RSHUDWLRQV�� DQG
LPSOHPHQWDWLRQ�

Data Model
=RR.HHSHU�PDLQWDLQV�D�KLHUDUFKLFDO�WUHH�RI�QRGHV�FDOOHG�]QRGHV��$�]QRGH�VWRUHV�GDWD
DQG�KDV�DQ�DVVRFLDWHG�$&/��=RR.HHSHU�LV�GHVLJQHG�IRU�FRRUGLQDWLRQ��ZKLFK�W\SLFDOO\
XVHV�VPDOO�GDWDILOHV���QRW�KLJK�YROXPH�GDWD�VWRUDJH��VR�WKHUH�LV�D�OLPLW�RI���0%�RQ�WKH
DPRXQW�RI�GDWD�WKDW�PD\�EH�VWRUHG�LQ�DQ\�]QRGH�

'DWD�DFFHVV�LV�DWRPLF��$�FOLHQW�UHDGLQJ�WKH�GDWD�VWRUHG�DW�D�]QRGH�ZLOO�QHYHU�UHFHLYH�RQO\
VRPH�RI�WKH�GDWD��HLWKHU�WKH�GDWD�ZLOO�EH�GHOLYHUHG�LQ�LWV�HQWLUHW\�RU�WKH�UHDG�ZLOO�IDLO�
6LPLODUO\��D�ZULWH�ZLOO�UHSODFH�DOO�WKH�GDWD�DVVRFLDWHG�ZLWK�D�]QRGH��=RR.HHSHU�JXDUDQ�
WHHV�WKDW�WKH�ZULWH�ZLOO�HLWKHU�VXFFHHG�RU�IDLO��WKHUH�LV�QR�VXFK�WKLQJ�DV�D�SDUWLDO�ZULWH�
ZKHUH�RQO\�VRPH�RI�WKH�GDWD�ZULWWHQ�E\�WKH�FOLHQW�LV�VWRUHG��=RR.HHSHU�GRHV�QRW�VXSSRUW
DQ�DSSHQG�RSHUDWLRQ��7KHVH�FKDUDFWHULVWLFV�FRQWUDVW�ZLWK�+')6��ZKLFK�LV�GHVLJQHG�IRU
KLJK�YROXPH� GDWD� VWRUDJH� ZLWK� VWUHDPLQJ� GDWD� DFFHVV� DQG� SURYLGHV� DQ� DSSHQG
RSHUDWLRQ�
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=QRGHV�DUH�UHIHUHQFHG�E\�SDWKV��ZKLFK�LQ�=RR.HHSHU�DUH�UHSUHVHQWHG�DV�VODVK�GHOLPLWHG
8QLFRGH�FKDUDFWHU�VWULQJV��OLNH�ILOHV\VWHP�SDWKV�LQ�8QL[��3DWKV�PXVW�EH�DEVROXWH��VR
WKH\�PXVW�EHJLQ�ZLWK�D�VODVK�FKDUDFWHU��)XUWKHUPRUH��WKH\�DUH�FDQRQLFDO��ZKLFK�PHDQV
WKDW�HDFK�SDWK�KDV�D�VLQJOH�UHSUHVHQWDWLRQ��DQG�VR�SDWKV�GR�QRW�XQGHUJR�UHVROXWLRQ��)RU
H[DPSOH�� LQ� 8QL[�� D� ILOH� ZLWK� WKH� SDWK� �D�E� FDQ� HTXLYDOHQWO\� EH� UHIHUUHG� WR� E\� WKH
SDWK��D���E�EHFDXVH�£�¤�UHIHUV�WR�WKH�FXUUHQW�GLUHFWRU\�DW�WKH�SRLQW�LW�LV�HQFRXQWHUHG�LQ
WKH�SDWK��,Q�=RR.HHSHU��£�¤�GRHV�QRW�KDYH�WKLV�VSHFLDO�PHDQLQJ�DQG�LV�DFWXDOO\�LOOHJDO
DV�D�SDWK�FRPSRQHQW��DV�LV�£��¤�IRU�WKH�SDUHQW�RI�WKH�FXUUHQW�GLUHFWRU\��

3DWK�FRPSRQHQWV�DUH�FRPSRVHG�RI�8QLFRGH�FKDUDFWHUV��ZLWK�D�IHZ�UHVWULFWLRQV��WKHVH
DUH�VSHOOHG�RXW�LQ�WKH�=RR.HHSHU�UHIHUHQFH�GRFXPHQWDWLRQ���7KH�VWULQJ�£]RRNHHSHU¤�LV
D�UHVHUYHG�ZRUG�DQG�PD\�QRW�EH�XVHG�DV�D�SDWK�FRPSRQHQW��,Q�SDUWLFXODU��=RR.HHSHU
XVHV�WKH��]RRNHHSHU�VXEWUHH�WR�VWRUH�PDQDJHPHQW�LQIRUPDWLRQ��VXFK�DV�LQIRUPDWLRQ�RQ
TXRWDV�

1RWH� WKDW� SDWKV� DUH� QRW� 85,V�� DQG� WKH\� DUH� UHSUHVHQWHG� LQ� WKH� -DYD� $3,� E\� D�
java.lang.String��UDWKHU�WKDQ�WKH�+DGRRS�Path�FODVV��RU�E\�WKH�java.net.URI�FODVV��IRU
WKDW�PDWWHU��

=QRGHV�KDYH�VRPH�SURSHUWLHV�WKDW�DUH�YHU\�XVHIXO�IRU�EXLOGLQJ�GLVWULEXWHG�DSSOLFDWLRQV�
ZKLFK�ZH�GLVFXVV�LQ�WKH�IROORZLQJ�VHFWLRQV�

Ephemeral znodes
=QRGHV�FDQ�EH�RQH�RI�WZR�W\SHV��HSKHPHUDO�RU�SHUVLVWHQW��$�]QRGH¦V�W\SH�LV�VHW�DW�FUHDWLRQ
WLPH�DQG�PD\�QRW�EH�FKDQJHG�ODWHU��$Q�HSKHPHUDO�]QRGH�LV�GHOHWHG�E\�=RR.HHSHU�ZKHQ
WKH�FUHDWLQJ�FOLHQW¦V�VHVVLRQ�HQGV��%\�FRQWUDVW��D�SHUVLVWHQW�]QRGH�LV�QRW�WLHG�WR�WKH�FOLHQW¦V
VHVVLRQ�DQG�LV�GHOHWHG�RQO\�ZKHQ�H[SOLFLWO\�GHOHWHG�E\�D�FOLHQW��QRW�QHFHVVDULO\�WKH�RQH
WKDW�FUHDWHG�LW���$Q�HSKHPHUDO�]QRGH�PD\�QRW�KDYH�FKLOGUHQ��QRW�HYHQ�HSKHPHUDO�RQHV�

(YHQ�WKRXJK�HSKHPHUDO�QRGHV�DUH�WLHG�WR�D�FOLHQW�VHVVLRQ��WKH\�DUH�YLVLEOH�WR�DOO�FOLHQWV
�VXEMHFW�WR�WKHLU�$&/�SROLF\��RI�FRXUVH��

(SKHPHUDO�]QRGHV�DUH�LGHDO�IRU�EXLOGLQJ�DSSOLFDWLRQV�WKDW�QHHG�WR�NQRZ�ZKHQ�FHUWDLQ
GLVWULEXWHG�UHVRXUFHV�DUH�DYDLODEOH��7KH�H[DPSOH�HDUOLHU�LQ�WKLV�FKDSWHU�XVHV�HSKHPHUDO
]QRGHV� WR� LPSOHPHQW�D�JURXS�PHPEHUVKLS�VHUYLFH�� VR�DQ\�SURFHVV�FDQ�GLVFRYHU� WKH
PHPEHUV�RI�WKH�JURXS�DW�DQ\�SDUWLFXODU�WLPH�

Sequence numbers
$�VHTXHQWLDO�]QRGH�LV�JLYHQ�D�VHTXHQFH�QXPEHU�E\�=RR.HHSHU�DV�D�SDUW�RI�LWV�QDPH��,I
D�]QRGH�LV�FUHDWHG�ZLWK�WKH�VHTXHQWLDO�IODJ�VHW��WKHQ�WKH�YDOXH�RI�D�PRQRWRQLFDOO\�LQ�
FUHDVLQJ�FRXQWHU��PDLQWDLQHG�E\�WKH�SDUHQW�]QRGH��LV�DSSHQGHG�WR�LWV�QDPH�
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,I�D�FOLHQW�DVNV�WR�FUHDWH�D�VHTXHQWLDO�]QRGH�ZLWK�WKH�QDPH��D�E���IRU�H[DPSOH��WKH�]QRGH
FUHDWHG�PD\�DFWXDOO\�KDYH�WKH�QDPH��D�E�����,I��ODWHU�RQ��DQRWKHU�VHTXHQWLDO�]QRGH�ZLWK
WKH�QDPH��D�E��LV�FUHDWHG��LW�ZLOO�EH�JLYHQ�D�XQLTXH�QDPH�ZLWK�D�ODUJHU�YDOXH�RI�WKH�FRXQWHU
¢IRU�H[DPSOH���D�E����,Q�WKH�-DYD�$3,��WKH�DFWXDO�SDWK�JLYHQ�WR�VHTXHQWLDO�]QRGHV�LV
FRPPXQLFDWHG�EDFN�WR�WKH�FOLHQW�DV�WKH�UHWXUQ�YDOXH�RI�WKH�create()�FDOO�

6HTXHQFH�QXPEHUV�FDQ�EH�XVHG�WR�LPSRVH�D�JOREDO�RUGHULQJ�RQ�HYHQWV�LQ�D�GLVWULEXWHG
V\VWHP� DQG� PD\� EH� XVHG� E\� WKH� FOLHQW� WR� LQIHU� WKH� RUGHULQJ�� ,Q� £$� /RFN� 6HU�
YLFH¤�RQ�SDJH������\RX�ZLOO�OHDUQ�KRZ�WR�XVH�VHTXHQWLDO�]QRGHV�WR�EXLOG�D�VKDUHG�ORFN�

Watches
:DWFKHV�DOORZ�FOLHQWV�WR�JHW�QRWLILFDWLRQV�ZKHQ�D�]QRGH�FKDQJHV�LQ�VRPH�ZD\��:DWFKHV
DUH�VHW�E\�RSHUDWLRQV�RQ�WKH�=RR.HHSHU�VHUYLFH�DQG�DUH�WULJJHUHG�E\�RWKHU�RSHUDWLRQV
RQ�WKH�VHUYLFH��)RU�H[DPSOH��D�FOLHQW�PLJKW�FDOO�WKH�exists�RSHUDWLRQ�RQ�D�]QRGH��SODFLQJ
D�ZDWFK�RQ�LW�DW�WKH�VDPH�WLPH��,I�WKH�]QRGH�GRHVQ¦W�H[LVW��WKH�exists�RSHUDWLRQ�ZLOO
UHWXUQ�IDOVH��,I��VRPH�WLPH�ODWHU��WKH�]QRGH�LV�FUHDWHG�E\�D�VHFRQG�FOLHQW��WKH�ZDWFK�LV
WULJJHUHG��QRWLI\LQJ�WKH�ILUVW�FOLHQW�RI�WKH�]QRGH¦V�FUHDWLRQ��<RX�ZLOO�VHH�SUHFLVHO\�ZKLFK
RSHUDWLRQV�WULJJHU�RWKHUV�LQ�WKH�QH[W�VHFWLRQ�

:DWFKHUV�DUH�WULJJHUHG�RQO\�RQFH���7R�UHFHLYH�PXOWLSOH�QRWLILFDWLRQV��D�FOLHQW�QHHGV�WR
UHUHJLVWHU� WKH�ZDWFK�� ,I� WKH�FOLHQW� LQ� WKH�SUHYLRXV�H[DPSOH�ZLVKHV� WR� UHFHLYH� IXUWKHU
QRWLILFDWLRQV�IRU�WKH�]QRGH¦V�H[LVWHQFH��WR�EH�QRWLILHG�ZKHQ�LW�LV�GHOHWHG��IRU�H[DPSOH��
LW�QHHGV�WR�FDOO�WKH�exists�RSHUDWLRQ�DJDLQ�WR�VHW�D�QHZ�ZDWFK�

7KHUH� LV�DQ�H[DPSOH� LQ�£$�&RQILJXUDWLRQ�6HUYLFH¤�RQ�SDJH�����GHPRQVWUDWLQJ�KRZ
WR�XVH�ZDWFKHV�WR�XSGDWH�FRQILJXUDWLRQ�DFURVV�D�FOXVWHU�

Operations
7KHUH�DUH�QLQH�EDVLF�RSHUDWLRQV�LQ�=RR.HHSHU��OLVWHG�LQ�7DEOH������

7DEOH�������2SHUDWLRQV�LQ�WKH�=RR.HHSHU�VHUYLFH

Operation Description

create Creates a znode (the parent znode must already exist)

delete Deletes a znode (the znode must not have any children)

exists Tests whether a znode exists and retrieves its metadata

getACL, setACL Gets/sets the ACL for a znode

getChildren Gets a list of the children of a znode

getData, setData Gets/sets the data associated with a znode

�� ,W�LV�FRQYHQWLRQDO��EXW�QRW�UHTXLUHG��WR�KDYH�D�WUDLOLQJ�GDVK�RQ�SDWKQDPHV�IRU�VHTXHQWLDO�QRGHV��WR�PDNH
WKHLU�VHTXHQFH�QXPEHUV�HDV\�WR�UHDG�DQG�SDUVH��E\�WKH�DSSOLFDWLRQ��

�� ([FHSW�IRU�FDOOEDFNV�IRU�FRQQHFWLRQ�HYHQWV��ZKLFK�GR�QRW�QHHG�UHUHJLVWUDWLRQ�
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Operation Description

sync Synchronizes a client’s view of a znode with ZooKeeper

8SGDWH�RSHUDWLRQV�LQ�=RR.HHSHU�DUH�FRQGLWLRQDO��$�delete�RU�setData�RSHUDWLRQ�KDV�WR
VSHFLI\�WKH�YHUVLRQ�QXPEHU�RI�WKH�]QRGH�WKDW�LV�EHLQJ�XSGDWHG��ZKLFK�LV�IRXQG�IURP�D
SUHYLRXV�exists�FDOO���,I�WKH�YHUVLRQ�QXPEHU�GRHV�QRW�PDWFK��WKH�XSGDWH�ZLOO�IDLO��8S�
GDWHV�DUH�D�QRQEORFNLQJ�RSHUDWLRQ��VR�D�FOLHQW�WKDW�ORVHV�DQ�XSGDWH��EHFDXVH�DQRWKHU
SURFHVV�XSGDWHG�WKH�]QRGH�LQ�WKH�PHDQWLPH��FDQ�GHFLGH�ZKHWKHU�WR�WU\�DJDLQ�RU�WDNH
VRPH�RWKHU�DFWLRQ��DQG�LW�FDQ�GR�VR�ZLWKRXW�EORFNLQJ�WKH�SURJUHVV�RI�DQ\�RWKHU�SURFHVV�

$OWKRXJK�=RR.HHSHU�FDQ�EH�YLHZHG�DV�D�ILOHV\VWHP��WKHUH�DUH�VRPH�ILOHV\VWHP�SULPLWLYHV
WKDW�LW�GRHV�DZD\�ZLWK�LQ�WKH�QDPH�RI�VLPSOLFLW\��%HFDXVH�ILOHV�DUH�VPDOO�DQG�DUH�ZULWWHQ
DQG�UHDG�LQ�WKHLU�HQWLUHW\��WKHUH�LV�QR�QHHG�WR�SURYLGH�RSHQ��FORVH��RU�VHHN�RSHUDWLRQV�

7KH�sync�RSHUDWLRQ�LV�QRW�OLNH�fsync()�LQ�326,;�ILOHV\VWHPV��$V�PHQ�
WLRQHG�HDUOLHU��ZULWHV�LQ�=RR.HHSHU�DUH�DWRPLF��DQG�D�VXFFHVVIXO�ZULWH
RSHUDWLRQ�LV�JXDUDQWHHG�WR�KDYH�EHHQ�ZULWWHQ�WR�SHUVLVWHQW�VWRUDJH�RQ�D
PDMRULW\�RI�=RR.HHSHU�VHUYHUV��+RZHYHU��LW�LV�SHUPLVVLEOH�IRU�UHDGV�WR
ODJ� WKH� ODWHVW� VWDWH�RI� WKH�=RR.HHSHU� VHUYLFH�� DQG� WKH�sync� RSHUDWLRQ
H[LVWV�WR�DOORZ�D�FOLHQW�WR�EULQJ�LWVHOI�XS�WR�GDWH��7KLV�WRSLF�LV�FRYHUHG�LQ
PRUH�GHWDLO�LQ�WKH�VHFWLRQ�RQ�£&RQVLVWHQF\¤�RQ�SDJH�����

Multiupdate
7KHUH�LV�DQRWKHU�=RR.HHSHU�RSHUDWLRQ��FDOOHG�multi��ZKLFK�EDWFKHV�WRJHWKHU�PXOWLSOH
SULPLWLYH�RSHUDWLRQV�LQWR�D�VLQJOH�XQLW�WKDW�HLWKHU�VXFFHHGV�RU�IDLOV�LQ�LWV�HQWLUHW\��7KH
VLWXDWLRQ�ZKHUH�VRPH�RI�WKH�SULPLWLYH�RSHUDWLRQV�VXFFHHG�DQG�VRPH�IDLO�FDQ�QHYHU�DULVH�

0XOWLXSGDWH�LV�YHU\�XVHIXO�IRU�EXLOGLQJ�VWUXFWXUHV�LQ�=RR.HHSHU�WKDW�PDLQWDLQ�VRPH
JOREDO�LQYDULDQW��2QH�H[DPSOH�LV�DQ�XQGLUHFWHG�JUDSK��(DFK�YHUWH[�LQ�WKH�JUDSK�LV�QDW�
XUDOO\�UHSUHVHQWHG�DV�D�]QRGH�LQ�=RR.HHSHU��DQG�WR�DGG�RU�UHPRYH�DQ�HGJH�ZH�QHHG�WR
XSGDWH�WKH�WZR�]QRGHV�FRUUHVSRQGLQJ�WR�LWV�YHUWLFHV�EHFDXVH�HDFK�KDV�D�UHIHUHQFH�WR�WKH
RWKHU��,I�ZH�XVHG�RQO\�SULPLWLYH�=RR.HHSHU�RSHUDWLRQV��LW�ZRXOG�EH�SRVVLEOH�IRU�DQRWKHU
FOLHQW�WR�REVHUYH�WKH�JUDSK�LQ�DQ�LQFRQVLVWHQW�VWDWH�ZKHUH�RQH�YHUWH[�LV�FRQQHFWHG�WR
DQRWKHU�EXW�WKH�UHYHUVH�FRQQHFWLRQ�LV�DEVHQW��%DWFKLQJ�WKH�XSGDWHV�RQ�WKH�WZR�]QRGHV
LQWR�RQH�multi�RSHUDWLRQ�HQVXUHV�WKDW�WKH�XSGDWH�LV�DWRPLF��VR�D�SDLU�RI�YHUWLFHV�FDQ
QHYHU�KDYH�D�GDQJOLQJ�FRQQHFWLRQ�

APIs
7KHUH�DUH�WZR�FRUH�ODQJXDJH�ELQGLQJV�IRU�=RR.HHSHU�FOLHQWV��RQH�IRU�-DYD�DQG�RQH�IRU
&��WKHUH�DUH�DOVR�contrib�ELQGLQJV�IRU�3HUO��3\WKRQ��DQG�5(67�FOLHQWV��)RU�HDFK�ELQGLQJ�
WKHUH� LV�D�FKRLFH�EHWZHHQ�SHUIRUPLQJ�RSHUDWLRQV� V\QFKURQRXVO\�RU�DV\QFKURQRXVO\�
:H¦YH�DOUHDG\�VHHQ�WKH�V\QFKURQRXV�-DYD�$3,��+HUH¦V�WKH�VLJQDWXUH�IRU�WKH�exists�RS�
HUDWLRQ��ZKLFK�UHWXUQV�HLWKHU�D�Stat�REMHFW�WKDW�HQFDSVXODWHV�WKH�]QRGH¦V�PHWDGDWD�RU
null�LI�WKH�]QRGH�GRHVQ¦W�H[LVW�
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public Stat exists(String path, Watcher watcher) throws KeeperException,
          InterruptedException

7KH�DV\QFKURQRXV�HTXLYDOHQW��ZKLFK�LV�DOVR�IRXQG�LQ�WKH�ZooKeeper�FODVV��ORRNV�OLNH�WKLV�

public void exists(String path, Watcher watcher, StatCallback cb, Object ctx)

,Q�WKH�-DYD�$3,��DOO�WKH�DV\QFKURQRXV�PHWKRGV�KDYH�void�UHWXUQ�W\SHV��VLQFH�WKH�UHVXOW
RI�WKH�RSHUDWLRQ�LV�FRQYH\HG�YLD�D�FDOOEDFN��7KH�FDOOHU�SDVVHV�D�FDOOEDFN�LPSOHPHQWDWLRQ
ZKRVH�PHWKRG�LV�LQYRNHG�ZKHQ�D�UHVSRQVH�LV�UHFHLYHG�IURP�=RR.HHSHU��,Q�WKLV�FDVH�
WKH�FDOOEDFN�LV�WKH�StatCallback�LQWHUIDFH��ZKLFK�KDV�WKH�IROORZLQJ�PHWKRG�

public void processResult(int rc, String path, Object ctx, Stat stat);

7KH�rc�DUJXPHQW�LV�WKH�UHWXUQ�FRGH��FRUUHVSRQGLQJ�WR�WKH�FRGHV�GHILQHG�E\�KeeperEx
ception��$�QRQ]HUR�FRGH�UHSUHVHQWV�DQ�H[FHSWLRQ��LQ�ZKLFK�FDVH�WKH�stat�SDUDPHWHU�ZLOO
EH�null��7KH�path�DQG�ctx�DUJXPHQWV�FRUUHVSRQG�WR�WKH�HTXLYDOHQW�DUJXPHQWV�SDVVHG
E\�WKH�FOLHQW�WR�WKH�exists()�PHWKRG��DQG�FDQ�EH�XVHG�WR�LGHQWLI\�WKH�UHTXHVW�IRU�ZKLFK
WKLV�FDOOEDFN�LV�D�UHVSRQVH��7KH�ctx�SDUDPHWHU�FDQ�EH�DQ�DUELWUDU\�REMHFW�WKDW�PD\�EH
XVHG�E\�WKH�FOLHQW�ZKHQ�WKH�SDWK�GRHV�QRW�JLYH�HQRXJK�FRQWH[W�WR�GLVDPELJXDWH�WKH
UHTXHVW��,I�QRW�QHHGHG��LW�PD\�EH�VHW�WR�null�

7KHUH�DUH�DFWXDOO\�WZR�&�VKDUHG�OLEUDULHV��7KH�VLQJOH�WKUHDGHG�OLEUDU\��zookeeper_st�
VXSSRUWV�RQO\�WKH�DV\QFKURQRXV�$3,�DQG�LV�LQWHQGHG�IRU�SODWIRUPV�ZKHUH�WKH�pthread
OLEUDU\�LV�QRW�DYDLODEOH�RU�VWDEOH��0RVW�GHYHORSHUV�ZLOO�XVH�WKH�PXOWLWKUHDGHG�OLEUDU\�
zookeeper_mt��DV�LW�VXSSRUWV�ERWK�WKH�V\QFKURQRXV�DQG�DV\QFKURQRXV�$3,V��)RU�GHWDLOV
RQ�KRZ�WR�EXLOG�DQG�XVH�WKH�&�$3,��UHIHU�WR�WKH�5($'0(�ILOH�LQ�WKH�VUF�F�GLUHFWRU\�RI
WKH�=RR.HHSHU�GLVWULEXWLRQ�

Should I Use the Synchronous or Asynchronous API?
%RWK�$3,V�RIIHU�WKH�VDPH�IXQFWLRQDOLW\��VR�WKH�RQH�\RX�XVH�LV�ODUJHO\�D�PDWWHU�RI�VW\OH�
7KH�DV\QFKURQRXV�$3,�LV�DSSURSULDWH�LI�\RX�KDYH�DQ�HYHQW�GULYHQ�SURJUDPPLQJ�PRGHO�
IRU�H[DPSOH�

7KH�DV\QFKURQRXV�$3,�DOORZV�\RX�WR�SLSHOLQH�UHTXHVWV��ZKLFK�LQ�VRPH�VFHQDULRV�FDQ
RIIHU�EHWWHU�WKURXJKSXW��,PDJLQH�WKDW�\RX�ZDQW�WR�UHDG�D�ODUJH�EDWFK�RI�]QRGHV�DQG
SURFHVV�WKHP�LQGHSHQGHQWO\��8VLQJ�WKH�V\QFKURQRXV�$3,��HDFK�UHDG�ZRXOG�EORFN�XQWLO
LW�UHWXUQHG��ZKHUHDV�ZLWK�WKH�DV\QFKURQRXV�$3,��\RX�FDQ�ILUH�RII�DOO�WKH�DV\QFKURQRXV
UHDGV�YHU\�TXLFNO\�DQG�SURFHVV�WKH�UHVSRQVHV�LQ�D�VHSDUDWH�WKUHDG�DV�WKH\�FRPH�EDFN�
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Watch triggers
7KH�UHDG�RSHUDWLRQV�exists��getChildren��DQG�getData�PD\�KDYH�ZDWFKHV�VHW�RQ�WKHP�
DQG�WKH�ZDWFKHV�DUH�WULJJHUHG�E\�ZULWH�RSHUDWLRQV��create��delete��DQG�setData��$&/
RSHUDWLRQV�GR�QRW�SDUWLFLSDWH�LQ�ZDWFKHV��:KHQ�D�ZDWFK�LV�WULJJHUHG��D�ZDWFK�HYHQW�LV
JHQHUDWHG��DQG�WKH�ZDWFK�HYHQW¦V�W\SH�GHSHQGV�ERWK�RQ�WKH�ZDWFK�DQG�WKH�RSHUDWLRQ
WKDW�WULJJHUHG�LW�

� $�ZDWFK�VHW�RQ�DQ�exists�RSHUDWLRQ�ZLOO�EH�WULJJHUHG�ZKHQ�WKH�]QRGH�EHLQJ�ZDWFKHG
LV�FUHDWHG��GHOHWHG��RU�KDV�LWV�GDWD�XSGDWHG�

� $�ZDWFK�VHW�RQ�D�getData�RSHUDWLRQ�ZLOO�EH�WULJJHUHG�ZKHQ�WKH�]QRGH�EHLQJ�ZDWFKHG
LV�GHOHWHG�RU�KDV�LWV�GDWD�XSGDWHG��1R�WULJJHU�FDQ�RFFXU�RQ�FUHDWLRQ�EHFDXVH�WKH
]QRGH�PXVW�DOUHDG\�H[LVW�IRU�WKH�getData�RSHUDWLRQ�WR�VXFFHHG�

� $�ZDWFK�VHW�RQ�D�getChildren�RSHUDWLRQ�ZLOO�EH�WULJJHUHG�ZKHQ�D�FKLOG�RI�WKH�]QRGH
EHLQJ�ZDWFKHG�LV�FUHDWHG�RU�GHOHWHG��RU�ZKHQ�WKH�]QRGH�LWVHOI�LV�GHOHWHG��<RX�FDQ
WHOO�ZKHWKHU�WKH�]QRGH�RU�LWV�FKLOG�ZDV�GHOHWHG�E\�ORRNLQJ�DW�WKH�ZDWFK�HYHQW�W\SH��
NodeDeleted�VKRZV�WKH�]QRGH�ZDV�GHOHWHG��DQG�NodeChildrenChanged�LQGLFDWHV�WKDW
LW�ZDV�D�FKLOG�WKDW�ZDV�GHOHWHG�

7KH�FRPELQDWLRQV�DUH�VXPPDUL]HG�LQ�7DEOH������

7DEOH�������:DWFK�FUHDWLRQ�RSHUDWLRQV�DQG�WKHLU�FRUUHVSRQGLQJ�WULJJHUV

 Watch trigger

Watch creation   setData

create znode create child delete znode delete child

exists NodeCreated  NodeDeleted  NodeData
Changed

getData   NodeDeleted  NodeData
Changed

getChildren  NodeChildren
Changed

NodeDeleted NodeChildren
Changed

 

$�ZDWFK�HYHQW�LQFOXGHV�WKH�SDWK�RI�WKH�]QRGH�WKDW�ZDV�LQYROYHG�LQ�WKH�HYHQW��VR�IRU�
NodeCreated�DQG�NodeDeleted�HYHQWV��\RX�FDQ�WHOO�ZKLFK�QRGH�ZDV�FUHDWHG�RU�GHOHWHG
VLPSO\�E\�LQVSHFWLQJ�WKH�SDWK��7R�GLVFRYHU�ZKLFK�FKLOGUHQ�KDYH�FKDQJHG�DIWHU�D�Node
ChildrenChanged�HYHQW��\RX�QHHG�WR�FDOO�getChildren�DJDLQ�WR�UHWULHYH�WKH�QHZ�OLVW�RI
FKLOGUHQ��6LPLODUO\��WR�GLVFRYHU�WKH�QHZ�GDWD�IRU�D�NodeDataChanged�HYHQW��\RX�QHHG�WR
FDOO�getData��,Q�ERWK�RI�WKHVH�FDVHV��WKH�VWDWH�RI�WKH�]QRGHV�PD\�KDYH�FKDQJHG�EHWZHHQ
UHFHLYLQJ�WKH�ZDWFK�HYHQW�DQG�SHUIRUPLQJ�WKH�UHDG�RSHUDWLRQ��VR�\RX�VKRXOG�EHDU�WKLV
LQ�PLQG�ZKHQ�ZULWLQJ�DSSOLFDWLRQV�
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ACLs
$�]QRGH� LV�FUHDWHG�ZLWK�D� OLVW�RI�$&/V��ZKLFK�GHWHUPLQHV�ZKR�FDQ�SHUIRUP�FHUWDLQ
RSHUDWLRQV�RQ�LW�

$&/V�GHSHQG�RQ�DXWKHQWLFDWLRQ�� WKH�SURFHVV�E\�ZKLFK� WKH� FOLHQW� LGHQWLILHV� LWVHOI� WR
=RR.HHSHU��7KHUH�DUH�D�IHZ�DXWKHQWLFDWLRQ�VFKHPHV�WKDW�=RR.HHSHU�SURYLGHV�

digest
7KH�FOLHQW�LV�DXWKHQWLFDWHG�E\�D�XVHUQDPH�DQG�SDVVZRUG�

sasl
7KH�FOLHQW�LV�DXWKHQWLFDWHG�XVLQJ�.HUEHURV�

ip
7KH�FOLHQW�LV�DXWKHQWLFDWHG�E\�LWV�,3�DGGUHVV�

&OLHQWV�PD\�DXWKHQWLFDWH�WKHPVHOYHV�DIWHU�HVWDEOLVKLQJ�D�=RR.HHSHU�VHVVLRQ��$XWKHQ�
WLFDWLRQ�LV�RSWLRQDO��DOWKRXJK�D�]QRGH¦V�$&/�PD\�UHTXLUH�DQ�DXWKHQWLFDWHG�FOLHQW��LQ
ZKLFK�FDVH�WKH�FOLHQW�PXVW�DXWKHQWLFDWH�LWVHOI�WR�DFFHVV�WKH�]QRGH��+HUH�LV�DQ�H[DPSOH
RI�XVLQJ�WKH�digest�VFKHPH�WR�DXWKHQWLFDWH�ZLWK�D�XVHUQDPH�DQG�SDVVZRUG�

zk.addAuthInfo("digest", "tom:secret".getBytes());

$Q�$&/�LV�WKH�FRPELQDWLRQ�RI�DQ�DXWKHQWLFDWLRQ�VFKHPH��DQ�LGHQWLW\�IRU�WKDW�VFKHPH�
DQG�D�VHW�RI�SHUPLVVLRQV��)RU�H[DPSOH��LI�ZH�ZDQWHG�WR�JLYH�D�FOLHQW�ZLWK�WKH�,3�DGGUHVV
10.0.0.1�UHDG�DFFHVV�WR�D�]QRGH��ZH�ZRXOG�VHW�DQ�$&/�RQ�WKH�]QRGH�ZLWK�WKH�ip�VFKHPH�
DQ�,'�RI�10.0.0.1��DQG�READ�SHUPLVVLRQ�� ,Q�-DYD��ZH�ZRXOG�FUHDWH�WKH�ACL�REMHFW�DV
IROORZV�

new ACL(Perms.READ,
new Id("ip", "10.0.0.1"));

7KH�IXOO�VHW�RI�SHUPLVVLRQV�DUH�OLVWHG�LQ�7DEOH�������1RWH�WKDW�WKH�exists�RSHUDWLRQ�LV
QRW�JRYHUQHG�E\�DQ�$&/�SHUPLVVLRQ��VR�DQ\�FOLHQW�PD\�FDOO�exists�WR�ILQG�WKH�Stat�IRU
D�]QRGH�RU�WR�GLVFRYHU�WKDW�D�]QRGH�GRHV�QRW�LQ�IDFW�H[LVW�

7DEOH�������$&/�SHUPLVVLRQV

ACL permission Permitted operations

CREATE create (a child znode)

READ getChildren

getData

WRITE setData

DELETE delete (a child znode)

ADMIN setACL
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7KHUH�DUH�D�QXPEHU�RI�SUHGHILQHG�$&/V�GHILQHG�LQ�WKH�ZooDefs.Ids�FODVV��LQFOXGLQJ�
OPEN_ACL_UNSAFE��ZKLFK�JLYHV�DOO�SHUPLVVLRQV��H[FHSW�ADMIN�SHUPLVVLRQ��WR�HYHU\RQH�

,Q�DGGLWLRQ��=RR.HHSHU�KDV�D�SOXJJDEOH�DXWKHQWLFDWLRQ�PHFKDQLVP��ZKLFK�PDNHV� LW
SRVVLEOH�WR�LQWHJUDWH�WKLUG�SDUW\�DXWKHQWLFDWLRQ�V\VWHPV�LI�QHHGHG�

Implementation
7KH�=RR.HHSHU�VHUYLFH�FDQ�UXQ�LQ�WZR�PRGHV��,Q�VWDQGDORQH�PRGH�� WKHUH� LV�D�VLQJOH
=RR.HHSHU� VHUYHU�� ZKLFK� LV� XVHIXO� IRU� WHVWLQJ� GXH� WR� LWV� VLPSOLFLW\� �LW� FDQ� HYHQ� EH
HPEHGGHG�LQ�XQLW�WHVWV���EXW�SURYLGHV�QR�JXDUDQWHHV�RI�KLJK�DYDLODELOLW\�RU�UHVLOLHQFH�
,Q�SURGXFWLRQ��=RR.HHSHU�UXQV�LQ�UHSOLFDWHG�PRGH�RQ�D�FOXVWHU�RI�PDFKLQHV�FDOOHG�DQ
HQVHPEOH��=RR.HHSHU�DFKLHYHV�KLJK�DYDLODELOLW\�WKURXJK�UHSOLFDWLRQ��DQG�FDQ�SURYLGH�D
VHUYLFH�DV�ORQJ�DV�D�PDMRULW\�RI�WKH�PDFKLQHV�LQ�WKH�HQVHPEOH�DUH�XS��)RU�H[DPSOH��LQ�D
ILYH�QRGH�HQVHPEOH��DQ\�WZR�PDFKLQHV�FDQ�IDLO�DQG�WKH�VHUYLFH�ZLOO�VWLOO�ZRUN�EHFDXVH
D�PDMRULW\�RI�WKUHH�UHPDLQ��1RWH�WKDW�D�VL[�QRGH�HQVHPEOH�FDQ�DOVR�WROHUDWH�RQO\�WZR
PDFKLQHV�IDLOLQJ��VLQFH�ZLWK�WKUHH�IDLOXUHV�WKH�UHPDLQLQJ�WKUHH�GR�QRW�FRQVWLWXWH�D�PD�
MRULW\�RI�WKH�VL[��)RU�WKLV�UHDVRQ��LW�LV�XVXDO�WR�KDYH�DQ�RGG�QXPEHU�RI�PDFKLQHV�LQ�DQ
HQVHPEOH�

&RQFHSWXDOO\��=RR.HHSHU�LV�YHU\�VLPSOH��DOO�LW�KDV�WR�GR�LV�HQVXUH�WKDW�HYHU\�PRGLILFDWLRQ
WR�WKH�WUHH�RI�]QRGHV�LV�UHSOLFDWHG�WR�D�PDMRULW\�RI�WKH�HQVHPEOH��,I�D�PLQRULW\�RI�WKH
PDFKLQHV�IDLO��WKHQ�D�PLQLPXP�RI�RQH�PDFKLQH�ZLOO�VXUYLYH�ZLWK�WKH�ODWHVW�VWDWH��7KH
RWKHU�UHPDLQLQJ�UHSOLFDV�ZLOO�HYHQWXDOO\�FDWFK�XS�ZLWK�WKLV�VWDWH�

7KH�LPSOHPHQWDWLRQ�RI�WKLV�VLPSOH�LGHD��KRZHYHU��LV�QRQWULYLDO��=RR.HHSHU�XVHV�D�SUR�
WRFRO�FDOOHG�=DE�WKDW�UXQV�LQ�WZR�SKDVHV��ZKLFK�PD\�EH�UHSHDWHG�LQGHILQLWHO\�

3KDVH����/HDGHU�HOHFWLRQ
7KH�PDFKLQHV� LQ�DQ�HQVHPEOH�JR� WKURXJK�D�SURFHVV�RI� HOHFWLQJ�D�GLVWLQJXLVKHG
PHPEHU��FDOOHG�WKH�OHDGHU��7KH�RWKHU�PDFKLQHV�DUH�WHUPHG�IROORZHUV��7KLV�SKDVH�LV
ILQLVKHG�RQFH�D�PDMRULW\��RU�TXRUXP��RI�IROORZHUV�KDYH�V\QFKURQL]HG�WKHLU�VWDWH
ZLWK�WKH�OHDGHU�

3KDVH����$WRPLF�EURDGFDVW
$OO�ZULWH�UHTXHVWV�DUH�IRUZDUGHG�WR�WKH�OHDGHU��ZKLFK�EURDGFDVWV�WKH�XSGDWH�WR�WKH
IROORZHUV��:KHQ�D�PDMRULW\�KDYH�SHUVLVWHG�WKH�FKDQJH��WKH�OHDGHU�FRPPLWV�WKH�XS�
GDWH��DQG�WKH�FOLHQW�JHWV�D�UHVSRQVH�VD\LQJ�WKH�XSGDWH�VXFFHHGHG��7KH�SURWRFRO�IRU
DFKLHYLQJ�FRQVHQVXV�LV�GHVLJQHG�WR�EH�DWRPLF��VR�D�FKDQJH�HLWKHU�VXFFHHGV�RU�IDLOV�
,W�UHVHPEOHV�D�WZR�SKDVH�FRPPLW�
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Does ZooKeeper Use Paxos?
1R��=RR.HHSHU¦V�=DE�SURWRFRO� LV�QRW� WKH� VDPH�DV� WKH�ZHOO�NQRZQ�3D[RV�DOJRULWKP
�/HVOLH�/DPSRUW��£3D[RV�0DGH�6LPSOH�¤�$&0�6,*$&7�1HZV�>'LVWULEXWHG�&RPSXWLQJ
&ROXPQ@�������>:KROH�1XPEHU������'HFHPEHU�����@���¡������=DE�LV�VLPLODU��EXW�LW
GLIIHUV�LQ�VHYHUDO�DVSHFWV�RI�LWV�RSHUDWLRQ��VXFK�DV�UHO\LQJ�RQ�7&3�IRU�LWV�PHVVDJH�RUGHULQJ
JXDUDQWHHV�

=DE�LV�GHVFULEHG�LQ�£$�VLPSOH�WRWDOO\�RUGHUHG�EURDGFDVW�SURWRFRO¤�E\�%HQMDPLQ�5HHG
DQG�)ODYLR�-XQTXHLUD��/$',6�������LQ��3URFHHGLQJV�RI�WKH��QG�:RUNVKRS�RQ�/DUJH�6FDOH
'LVWULEXWHG�6\VWHPV�DQG�0LGGOHZDUH��$UWLFOH����1HZ�<RUN��1<��86$��������$&0��

*RRJOH¦V�&KXEE\�/RFN�6HUYLFH��0LNH�%XUURZV��£7KH�&KXEE\�/RFN�6HUYLFH�IRU�/RRVHO\�
&RXSOHG�'LVWULEXWHG�6\VWHPV�¤�1RYHPEHU�������KWWS���ODEV�JRRJOH�FRP�SDSHUV�FKXEE\
�KWPO���ZKLFK�VKDUHV�VLPLODU�JRDOV�ZLWK�=RR.HHSHU��LV�EDVHG�RQ�3D[RV�

,I�WKH�OHDGHU�IDLOV��WKH�UHPDLQLQJ�PDFKLQHV�KROG�DQRWKHU�OHDGHU�HOHFWLRQ�DQG�FRQWLQXH
DV�EHIRUH�ZLWK�WKH�QHZ�OHDGHU��,I�WKH�ROG�OHDGHU�ODWHU�UHFRYHUV��LW�WKHQ�VWDUWV�DV�D�IROORZHU�
/HDGHU�HOHFWLRQ�LV�YHU\�IDVW��DURXQG�����PV�DFFRUGLQJ�WR�RQH�SXEOLVKHG�UHVXOW���VR�SHU�
IRUPDQFH�GRHV�QRW�QRWLFHDEO\�GHJUDGH�GXULQJ�DQ�HOHFWLRQ�

$OO�PDFKLQHV�LQ�WKH�HQVHPEOH�ZULWH�XSGDWHV�WR�GLVN�EHIRUH�XSGDWLQJ�WKHLU�LQ�PHPRU\
FRS\�RI�WKH�]QRGH�WUHH��5HDG�UHTXHVWV�PD\�EH�VHUYLFHG�IURP�DQ\�PDFKLQH��DQG�EHFDXVH
WKH\�LQYROYH�RQO\�D�ORRNXS�IURP�PHPRU\��WKH\�DUH�YHU\�IDVW�

Consistency
8QGHUVWDQGLQJ�WKH�EDVLV�RI�=RR.HHSHU¦V�LPSOHPHQWDWLRQ�KHOSV�LQ�XQGHUVWDQGLQJ�WKH
FRQVLVWHQF\�JXDUDQWHHV�WKDW�WKH�VHUYLFH�PDNHV��7KH�WHUPV�£OHDGHU¤�DQG�£IROORZHU¤�IRU
WKH�PDFKLQHV�LQ�DQ�HQVHPEOH�DUH�DSW�EHFDXVH�WKH\�PDNH�WKH�SRLQW�WKDW�D�IROORZHU�PD\
ODJ�WKH�OHDGHU�E\�D�QXPEHU�RI�XSGDWHV��7KLV�LV�D�FRQVHTXHQFH�RI�WKH�IDFW�WKDW�RQO\�D
PDMRULW\�DQG�QRW�DOO�RI�WKH�HQVHPEOH�QHHGV�WR�KDYH�SHUVLVWHG�D�FKDQJH�EHIRUH�LW�LV�FRP�
PLWWHG��$� JRRG�PHQWDO�PRGHO� IRU�=RR.HHSHU� LV� RI� FOLHQWV� FRQQHFWHG� WR�=RR.HHSHU
VHUYHUV�WKDW�DUH�IROORZLQJ�WKH�OHDGHU��$�FOLHQW�PD\�DFWXDOO\�EH�FRQQHFWHG�WR�WKH�OHDGHU�
EXW�LW�KDV�QR�FRQWURO�RYHU�WKLV�DQG�FDQQRW�HYHQ�NQRZ�LI�WKLV�LV�WKH�FDVH���6HH�)LJXUH������

(YHU\�XSGDWH�PDGH� WR� WKH� ]QRGH� WUHH� LV� JLYHQ� D� JOREDOO\�XQLTXH� LGHQWLILHU�� FDOOHG� D
][LG��ZKLFK�VWDQGV�IRU�£=RR.HHSHU�WUDQVDFWLRQ�,'¤���8SGDWHV�DUH�RUGHUHG��VR�LI�][LG
]��LV�OHVV�WKDQ�]���WKHQ�]��KDSSHQHG�EHIRUH�]���DFFRUGLQJ�WR�=RR.HHSHU��ZKLFK�LV�WKH
VLQJOH�DXWKRULW\�RQ�RUGHULQJ�LQ�WKH�GLVWULEXWHG�V\VWHP�

�� 5HSRUWHG�E\�<DKRR��DW�KWWS���]RRNHHSHU�DSDFKH�RUJ�GRF�FXUUHQW�]RRNHHSHU2YHU�KWPO�

�� ,W�LV�SRVVLEOH�WR�FRQILJXUH�=RR.HHSHU�VR�WKDW�WKH�OHDGHU�GRHV�QRW�DFFHSW�FOLHQW�FRQQHFWLRQV��,Q�WKLV�FDVH�
LWV� RQO\� MRE� LV� WR� FRRUGLQDWH� XSGDWHV�� 'R� WKLV� E\� VHWWLQJ� WKH� leaderServes� SURSHUW\� WR� no�� 7KLV� LV
UHFRPPHQGHG�IRU�HQVHPEOHV�RI�PRUH�WKDQ�WKUHH�VHUYHUV�
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)LJXUH�������5HDGV�DUH�VDWLVILHG�E\�IROORZHUV��ZKHUHDV�ZULWHV�DUH�FRPPLWWHG�E\�WKH�OHDGHU

7KH�IROORZLQJ�JXDUDQWHHV�IRU�GDWD�FRQVLVWHQF\�IORZ�IURP�=RR.HHSHU¦V�GHVLJQ�

6HTXHQWLDO�FRQVLVWHQF\
8SGDWHV�IURP�DQ\�SDUWLFXODU�FOLHQW�DUH�DSSOLHG�LQ�WKH�RUGHU�WKDW�WKH\�DUH�VHQW��7KLV
PHDQV�WKDW�LI�D�FOLHQW�XSGDWHV�WKH�]QRGH�]�WR�WKH�YDOXH�D��DQG�LQ�D�ODWHU�RSHUDWLRQ�
LW�XSGDWHV�]�WR�WKH�YDOXH�E��WKHQ�QR�FOLHQW�ZLOO�HYHU�VHH�]�ZLWK�YDOXH�D�DIWHU�LW�KDV
VHHQ�LW�ZLWK�YDOXH�E��LI�QR�RWKHU�XSGDWHV�DUH�PDGH�WR�]��

$WRPLFLW\
8SGDWHV�HLWKHU�VXFFHHG�RU�IDLO��7KLV�PHDQV�WKDW�LI�DQ�XSGDWH�IDLOV��QR�FOLHQW�ZLOO�HYHU
VHH�LW�

6LQJOH�V\VWHP�LPDJH
$�FOLHQW�ZLOO�VHH�WKH�VDPH�YLHZ�RI�WKH�V\VWHP��UHJDUGOHVV�RI�WKH�VHUYHU�LW�FRQQHFWV
WR��7KLV�PHDQV�WKDW�LI�D�FOLHQW�FRQQHFWV�WR�D�QHZ�VHUYHU�GXULQJ�WKH�VDPH�VHVVLRQ��LW
ZLOO�QRW�VHH�DQ�ROGHU�VWDWH�RI�WKH�V\VWHP�WKDQ�WKH�RQH�LW�VDZ�ZLWK�WKH�SUHYLRXV�VHUYHU�
:KHQ�D�VHUYHU�IDLOV�DQG�D�FOLHQW�WULHV�WR�FRQQHFW�WR�DQRWKHU�LQ�WKH�HQVHPEOH��D�VHUYHU
WKDW�LV�EHKLQG�WKH�RQH�WKDW�IDLOHG�ZLOO�QRW�DFFHSW�FRQQHFWLRQV�IURP�WKH�FOLHQW�XQWLO
LW�KDV�FDXJKW�XS�ZLWK�WKH�IDLOHG�VHUYHU�

'XUDELOLW\
2QFH�DQ�XSGDWH�KDV�VXFFHHGHG��LW�ZLOO�SHUVLVW�DQG�ZLOO�QRW�EH�XQGRQH��7KLV�PHDQV
XSGDWHV�ZLOO�VXUYLYH�VHUYHU�IDLOXUHV�

7LPHOLQHVV
7KH�ODJ�LQ�DQ\�FOLHQW¦V�YLHZ�RI�WKH�V\VWHP�LV�ERXQGHG��VR�LW�ZLOO�QRW�EH�RXW�RI�GDWH
E\�PRUH�WKDQ�VRPH�PXOWLSOH�RI�WHQV�RI�VHFRQGV��7KLV�PHDQV�WKDW�UDWKHU�WKDQ�DOORZ
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D�FOLHQW�WR�VHH�GDWD�WKDW�LV�YHU\�VWDOH��D�VHUYHU�ZLOO�VKXW�GRZQ��IRUFLQJ�WKH�FOLHQW�WR
VZLWFK�WR�D�PRUH�XS�WR�GDWH�VHUYHU�

)RU�SHUIRUPDQFH�UHDVRQV��UHDGV�DUH�VDWLVILHG�IURP�D�=RR.HHSHU�VHUYHU¦V�PHPRU\�DQG
GR�QRW�SDUWLFLSDWH�LQ�WKH�JOREDO�RUGHULQJ�RI�ZULWHV��7KLV�SURSHUW\�FDQ�OHDG�WR�WKH�DS�
SHDUDQFH�RI�LQFRQVLVWHQW�=RR.HHSHU�VWDWHV�IURP�FOLHQWV�WKDW�FRPPXQLFDWH�WKURXJK�D
PHFKDQLVP�RXWVLGH�=RR.HHSHU�

)RU�H[DPSOH��FOLHQW�$�XSGDWHV�]QRGH�]�IURP�D�WR�D¦��$�WHOOV�%�WR�UHDG�]��DQG�%�UHDGV�WKH
YDOXH�RI�]�DV�D��QRW�D¦��7KLV�LV�SHUIHFWO\�FRPSDWLEOH�ZLWK�WKH�JXDUDQWHHV�WKDW�=RR.HHSHU
PDNHV��WKLV�FRQGLWLRQ�WKDW�LW�GRHV�QRW�SURPLVH�LV�FDOOHG�£6LPXOWDQHRXVO\�&RQVLVWHQW
&URVV�&OLHQW�9LHZV¤���7R�SUHYHQW�WKLV�FRQGLWLRQ�IURP�KDSSHQLQJ��%�VKRXOG�FDOO�sync�RQ
]�EHIRUH�UHDGLQJ�]¦V�YDOXH��7KH�sync�RSHUDWLRQ�IRUFHV�WKH�=RR.HHSHU�VHUYHU�WR�ZKLFK�%
LV�FRQQHFWHG�WR�£FDWFK�XS¤�ZLWK�WKH�OHDGHU��VR�WKDW�ZKHQ�%�UHDGV�]¦V�YDOXH��LW�ZLOO�EH�WKH
RQH�WKDW�$�VHW��RU�D�ODWHU�YDOXH��

6OLJKWO\� FRQIXVLQJO\�� WKH�sync� RSHUDWLRQ� LV� DYDLODEOH�RQO\� DV� DQ�DV\Q�
FKURQRXV�FDOO��7KLV�LV�EHFDXVH�\RX�GRQ¦W�QHHG�WR�ZDLW�IRU�LW�WR�UHWXUQ�
VLQFH�=RR.HHSHU�JXDUDQWHHV�WKDW�DQ\�VXEVHTXHQW�RSHUDWLRQ�ZLOO�KDSSHQ
DIWHU�WKH�sync�FRPSOHWHV�RQ�WKH�VHUYHU��HYHQ�LI�WKH�RSHUDWLRQ�LV�LVVXHG
EHIRUH�WKH�sync�FRPSOHWHV�

Sessions
$�=RR.HHSHU�FOLHQW�LV�FRQILJXUHG�ZLWK�WKH�OLVW�RI�VHUYHUV�LQ�WKH�HQVHPEOH��2Q�VWDUWXS�
LW�WULHV�WR�FRQQHFW�WR�RQH�RI�WKH�VHUYHUV�LQ�WKH�OLVW��,I�WKH�FRQQHFWLRQ�IDLOV��LW�WULHV�DQRWKHU
VHUYHU�LQ�WKH�OLVW��DQG�VR�RQ��XQWLO�LW�HLWKHU�VXFFHVVIXOO\�FRQQHFWV�WR�RQH�RI�WKHP�RU�IDLOV
LI�DOO�=RR.HHSHU�VHUYHUV�DUH�XQDYDLODEOH�

2QFH�D�FRQQHFWLRQ�KDV�EHHQ�PDGH�ZLWK�D�=RR.HHSHU�VHUYHU��WKH�VHUYHU�FUHDWHV�D�QHZ
VHVVLRQ�IRU�WKH�FOLHQW��$�VHVVLRQ�KDV�D�WLPHRXW�SHULRG�WKDW�LV�GHFLGHG�RQ�E\�WKH�DSSOL�
FDWLRQ�WKDW�FUHDWHV�LW��,I�WKH�VHUYHU�KDVQ¦W�UHFHLYHG�D�UHTXHVW�ZLWKLQ�WKH�WLPHRXW�SHULRG�
LW�PD\�H[SLUH�WKH�VHVVLRQ��2QFH�D�VHVVLRQ�KDV�H[SLUHG��LW�PD\�QRW�EH�UHRSHQHG��DQG�DQ\
HSKHPHUDO�QRGHV�DVVRFLDWHG�ZLWK�WKH�VHVVLRQ�ZLOO�EH�ORVW��$OWKRXJK�VHVVLRQ�H[SLU\�LV�D
FRPSDUDWLYHO\�UDUH�HYHQW��VLQFH�VHVVLRQV�DUH�ORQJ�OLYHG��LW�LV�LPSRUWDQW�IRU�DSSOLFDWLRQV
WR� KDQGOH� LW� �ZH� ZLOO� VHH� KRZ� LQ� £7KH� 5HVLOLHQW� =RR.HHSHU� $SSOLFDWLRQ¤
RQ�SDJH������

6HVVLRQV�DUH�NHSW�DOLYH�E\�WKH�FOLHQW�VHQGLQJ�SLQJ�UHTXHVWV��DOVR�NQRZQ�DV�KHDUWEHDWV�
ZKHQHYHU�WKH�VHVVLRQ�LV�LGOH�IRU�ORQJHU�WKDQ�D�FHUWDLQ�SHULRG���3LQJV�DUH�DXWRPDWLFDOO\
VHQW�E\�WKH�=RR.HHSHU�FOLHQW�OLEUDU\��VR�\RXU�FRGH�GRHVQ¦W�QHHG�WR�ZRUU\�DERXW�PDLQ�
WDLQLQJ�WKH�VHVVLRQ���7KH�SHULRG� LV�FKRVHQ�WR�EH� ORZ�HQRXJK�WR�GHWHFW�VHUYHU� IDLOXUH
�PDQLIHVWHG�E\� D� UHDG� WLPHRXW�� DQG� UHFRQQHFW� WR� DQRWKHU� VHUYHU�ZLWKLQ� WKH� VHVVLRQ
WLPHRXW�SHULRG�
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)DLORYHU�WR�DQRWKHU�=RR.HHSHU�VHUYHU�LV�KDQGOHG�DXWRPDWLFDOO\�E\�WKH�=RR.HHSHU�FOLHQW�
DQG��FUXFLDOO\��VHVVLRQV��DQG�DVVRFLDWHG�HSKHPHUDO�]QRGHV��DUH�VWLOO�YDOLG�DIWHU�DQRWKHU
VHUYHU�WDNHV�RYHU�IURP�WKH�IDLOHG�RQH�

'XULQJ�IDLORYHU��WKH�DSSOLFDWLRQ�ZLOO�UHFHLYH�QRWLILFDWLRQV�RI�GLVFRQQHFWLRQV�DQG�FRQ�
QHFWLRQV�WR�WKH�VHUYLFH��:DWFK�QRWLILFDWLRQV�ZLOO�QRW�EH�GHOLYHUHG�ZKLOH�WKH�FOLHQW� LV
GLVFRQQHFWHG��EXW�WKH\�ZLOO�EH�GHOLYHUHG�ZKHQ�WKH�FOLHQW�VXFFHVVIXOO\�UHFRQQHFWV��$OVR�
LI� WKH� DSSOLFDWLRQ� WULHV� WR� SHUIRUP� DQ� RSHUDWLRQ�ZKLOH� WKH� FOLHQW� LV� UHFRQQHFWLQJ� WR
DQRWKHU�VHUYHU��WKH�RSHUDWLRQ�ZLOO�IDLO��7KLV�XQGHUOLQHV�WKH�LPSRUWDQFH�RI�KDQGOLQJ�FRQ�
QHFWLRQ�ORVV�H[FHSWLRQV�LQ�UHDO�ZRUOG�=RR.HHSHU�DSSOLFDWLRQV��GHVFULEHG�LQ�£7KH�5H�
VLOLHQW�=RR.HHSHU�$SSOLFDWLRQ¤�RQ�SDJH������

Time
7KHUH�DUH�VHYHUDO�WLPH�SDUDPHWHUV�LQ�=RR.HHSHU��7KH�WLFN�WLPH�LV�WKH�IXQGDPHQWDO�SHULRG
RI�WLPH�LQ�=RR.HHSHU�DQG�LV�XVHG�E\�VHUYHUV�LQ�WKH�HQVHPEOH�WR�GHILQH�WKH�VFKHGXOH�RQ
ZKLFK�WKHLU�LQWHUDFWLRQV�UXQ��2WKHU�VHWWLQJV�DUH�GHILQHG�LQ�WHUPV�RI�WLFN�WLPH��RU�DUH�DW
OHDVW�FRQVWUDLQHG�E\�LW��7KH�VHVVLRQ�WLPHRXW��IRU�H[DPSOH��PD\�QRW�EH�OHVV�WKDQ���WLFNV
RU�PRUH�WKDQ�����,I�\RX�DWWHPSW�WR�VHW�D�VHVVLRQ�WLPHRXW�RXWVLGH�WKLV�UDQJH��LW�ZLOO�EH
PRGLILHG�WR�IDOO�ZLWKLQ�WKH�UDQJH�

$�FRPPRQ�WLFN�WLPH�VHWWLQJ�LV���VHFRQGV��������PLOOLVHFRQGV���7KLV�WUDQVODWHV�WR�DQ
DOORZDEOH�VHVVLRQ�WLPHRXW�RI�EHWZHHQ���DQG����VHFRQGV��7KHUH�DUH�D�IHZ�FRQVLGHUDWLRQV
LQ�VHOHFWLQJ�D�VHVVLRQ�WLPHRXW�

$�ORZ�VHVVLRQ�WLPHRXW�OHDGV�WR�IDVWHU�GHWHFWLRQ�RI�PDFKLQH�IDLOXUH��,Q�WKH�JURXS�PHP�
EHUVKLS�H[DPSOH�� WKH�VHVVLRQ�WLPHRXW� LV� WKH�WLPH� LW� WDNHV� IRU�D� IDLOHG�PDFKLQH�WR�EH
UHPRYHG�IURP�WKH�JURXS��%HZDUH�RI�VHWWLQJ�WKH�VHVVLRQ�WLPHRXW�WRR�ORZ��KRZHYHU��EH�
FDXVH�D�EXV\�QHWZRUN�FDQ�FDXVH�SDFNHWV�WR�EH�GHOD\HG�DQG�PD\�FDXVH�LQDGYHUWHQW�VHVVLRQ
H[SLU\��,Q�VXFK�DQ�HYHQW��D�PDFKLQH�ZRXOG�DSSHDU�WR�£IODS¤��OHDYLQJ�DQG�WKHQ�UHMRLQLQJ
WKH�JURXS�UHSHDWHGO\�LQ�D�VKRUW�VSDFH�RI�WLPH�

$SSOLFDWLRQV� WKDW�FUHDWH�PRUH�FRPSOH[�HSKHPHUDO�VWDWH�VKRXOG� IDYRU� ORQJHU�VHVVLRQ
WLPHRXWV��DV�WKH�FRVW�RI�UHFRQVWUXFWLRQ�LV�KLJKHU��,Q�VRPH�FDVHV��LW�LV�SRVVLEOH�WR�GHVLJQ
WKH�DSSOLFDWLRQ�VR�LW�FDQ�UHVWDUW�ZLWKLQ�WKH�VHVVLRQ�WLPHRXW�SHULRG�DQG�DYRLG�VHVVLRQ
H[SLU\���7KLV�PLJKW�EH�GHVLUDEOH�WR�SHUIRUP�PDLQWHQDQFH�RU�XSJUDGHV���(YHU\�VHVVLRQ
LV�JLYHQ�D�XQLTXH�LGHQWLW\�DQG�SDVVZRUG�E\�WKH�VHUYHU��DQG�LI�WKHVH�DUH�SDVVHG�WR�=RR�
.HHSHU�ZKLOH�D�FRQQHFWLRQ�LV�EHLQJ�PDGH��LW�LV�SRVVLEOH�WR�UHFRYHU�D�VHVVLRQ��DV�ORQJ�DV
LW�KDVQ¦W�H[SLUHG���$Q�DSSOLFDWLRQ�FDQ�WKHUHIRUH�DUUDQJH�D�JUDFHIXO�VKXWGRZQ��ZKHUHE\
LW�VWRUHV�WKH�VHVVLRQ�LGHQWLW\�DQG�SDVVZRUG�WR�VWDEOH�VWRUDJH�EHIRUH�UHVWDUWLQJ�WKH�SUR�
FHVV��UHWULHYLQJ�WKH�VWRUHG�VHVVLRQ�LGHQWLW\�DQG�SDVVZRUG�DQG�UHFRYHULQJ�WKH�VHVVLRQ�

<RX�VKRXOG�YLHZ�WKLV�IHDWXUH�DV�DQ�RSWLPL]DWLRQ�WKDW�FDQ�KHOS�DYRLG�H[SLUH�VHVVLRQV��,W
GRHV�QRW�UHPRYH�WKH�QHHG�WR�KDQGOH�VHVVLRQ�H[SLU\��ZKLFK�FDQ�VWLOO�RFFXU�LI�D�PDFKLQH
IDLOV�XQH[SHFWHGO\��RU�HYHQ�LI�DQ�DSSOLFDWLRQ�LV�VKXW�GRZQ�JUDFHIXOO\�EXW�GRHV�QRW�UHVWDUW
EHIRUH�LWV�VHVVLRQ�H[SLUHV¢IRU�ZKDWHYHU�UHDVRQ�
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$V�D�JHQHUDO�UXOH��WKH�ODUJHU�WKH�=RR.HHSHU�HQVHPEOH��WKH�ODUJHU�WKH�VHVVLRQ�WLPHRXW
VKRXOG�EH��&RQQHFWLRQ�WLPHRXWV��UHDG�WLPHRXWV��DQG�SLQJ�SHULRGV�DUH�DOO�GHILQHG�LQWHU�
QDOO\�DV�D�IXQFWLRQ�RI�WKH�QXPEHU�RI�VHUYHUV�LQ�WKH�HQVHPEOH��VR�DV�WKH�HQVHPEOH�JURZV�
WKHVH�SHULRGV�GHFUHDVH��&RQVLGHU� LQFUHDVLQJ� WKH� WLPHRXW� LI� \RX� H[SHULHQFH� IUHTXHQW
FRQQHFWLRQ� ORVV�� <RX� FDQ� PRQLWRU� =RR.HHSHU� PHWULFV¢VXFK� DV� UHTXHVW� ODWHQF\
VWDWLVWLFV¢XVLQJ�-0;�

States
7KH� ZooKeeper� REMHFW� WUDQVLWLRQV� WKURXJK� GLIIHUHQW� VWDWHV� LQ� LWV� OLIHF\FOH� �VHH� )LJ�
XUH��������<RX�FDQ�TXHU\�LWV�VWDWH�DW�DQ\�WLPH�E\�XVLQJ�WKH�getState()�PHWKRG�

public States getState()

States�LV�DQ�HQXP�UHSUHVHQWLQJ�WKH�GLIIHUHQW�VWDWHV�WKDW�D�ZooKeeper�REMHFW�PD\�EH�LQ�
�'HVSLWH�WKH�HQXP¦V�QDPH��DQ�LQVWDQFH�RI�ZooKeeper�PD\�EH�LQ�RQO\�RQH�VWDWH�DW�D�WLPH��
$� QHZO\� FRQVWUXFWHG� ZooKeeper� LQVWDQFH� LV� LQ� WKH� CONNECTING� VWDWH�ZKLOH� LW� WULHV� WR
HVWDEOLVK�D�FRQQHFWLRQ�ZLWK�WKH�=RR.HHSHU�VHUYLFH��2QFH�D�FRQQHFWLRQ�LV�HVWDEOLVKHG�
LW�JRHV�LQWR�WKH�CONNECTED�VWDWH�

)LJXUH�������=RR.HHSHU�VWDWH�WUDQVLWLRQV

$�FOLHQW�XVLQJ�WKH�ZooKeeper�REMHFW�FDQ�UHFHLYH�QRWLILFDWLRQV�RI�WKH�VWDWH�WUDQVLWLRQV�E\
UHJLVWHULQJ�D�Watcher�REMHFW��2Q�HQWHULQJ�WKH�CONNECTED�VWDWH��WKH�ZDWFKHU�UHFHLYHV�D�
WatchedEvent�ZKRVH�KeeperState�YDOXH�LV�SyncConnected�

The ZooKeeper Service | 511



$�=RR.HHSHU�Watcher�REMHFW�VHUYHV�GRXEOH�GXW\��LW�FDQ�EH�XVHG�WR�EH
QRWLILHG�RI�FKDQJHV�LQ�WKH�=RR.HHSHU�VWDWH��DV�GHVFULEHG�LQ�WKLV�VHFWLRQ��
DQG� LW� FDQ�EH�XVHG� WR�EH�QRWLILHG�RI�FKDQJHV� LQ�]QRGHV� �GHVFULEHG� LQ
£:DWFK�WULJJHUV¤�RQ�SDJH�������7KH��GHIDXOW��ZDWFKHU�SDVVHG�LQWR�WKH
ZooKeeper� REMHFW� FRQVWUXFWRU� LV� XVHG� IRU� VWDWH� FKDQJHV�� EXW� ]QRGH
FKDQJHV�PD\�HLWKHU�XVH�D�GHGLFDWHG�LQVWDQFH�RI�Watcher��E\�SDVVLQJ�RQH
LQ�WR�WKH�DSSURSULDWH�UHDG�RSHUDWLRQ��RU�VKDUH�WKH�GHIDXOW�RQH�LI�XVLQJ
WKH� IRUP� RI� WKH� UHDG� RSHUDWLRQ� WKDW� WDNHV� D� %RROHDQ� IODJ� WR� VSHFLI\
ZKHWKHU�WR�XVH�D�ZDWFKHU�

7KH�ZooKeeper�LQVWDQFH�PD\�GLVFRQQHFW�DQG�UHFRQQHFW�WR�WKH�=RR.HHSHU�VHUYLFH��PRY�
LQJ�EHWZHHQ�WKH�CONNECTED�DQG�CONNECTING�VWDWHV��,I�LW�GLVFRQQHFWV��WKH�ZDWFKHU�UHFHLYHV
D�Disconnected�HYHQW��1RWH�WKDW�WKHVH�VWDWH�WUDQVLWLRQV�DUH�LQLWLDWHG�E\�WKH�ZooKeeper
LQVWDQFH�LWVHOI��DQG�LW�ZLOO�DXWRPDWLFDOO\�WU\�WR�UHFRQQHFW�LI�WKH�FRQQHFWLRQ�LV�ORVW�

7KH�ZooKeeper� LQVWDQFH�PD\�WUDQVLWLRQ�WR�D� WKLUG�VWDWH��CLOSED�� LI�HLWKHU� WKH�close()
PHWKRG� LV� FDOOHG� RU� WKH� VHVVLRQ� WLPHV� RXW� DV� LQGLFDWHG� E\� D� KeeperState� RI� W\SH
Expired��2QFH�LQ�WKH�CLOSED�VWDWH��WKH�ZooKeeper�REMHFW�LV�QR�ORQJHU�FRQVLGHUHG�WR�EH
DOLYH��WKLV�FDQ�EH�WHVWHG�XVLQJ�WKH�isAlive()�PHWKRG�RQ�States��DQG�FDQQRW�EH�UHXVHG�
7R� UHFRQQHFW� WR� WKH�=RR.HHSHU� VHUYLFH�� WKH� FOLHQW�PXVW� FRQVWUXFW� D�QHZ�ZooKeeper
LQVWDQFH�

Building Applications with ZooKeeper
+DYLQJ� FRYHUHG� =RR.HHSHU� LQ� VRPH� GHSWK�� OHW¦V� WXUQ� EDFN� WR� ZULWLQJ� VRPH� XVHIXO
DSSOLFDWLRQV�ZLWK�LW�

A Configuration Service
2QH�RI�WKH�PRVW�EDVLF�VHUYLFHV�WKDW�D�GLVWULEXWHG�DSSOLFDWLRQ�QHHGV�LV�D�FRQILJXUDWLRQ
VHUYLFH�VR�WKDW�FRPPRQ�SLHFHV�RI�FRQILJXUDWLRQ�LQIRUPDWLRQ�FDQ�EH�VKDUHG�E\�PDFKLQHV
LQ�D�FOXVWHU��$W�WKH�VLPSOHVW� OHYHO��=RR.HHSHU�FDQ�DFW�DV�D�KLJKO\�DYDLODEOH�VWRUH� IRU
FRQILJXUDWLRQ�� DOORZLQJ� DSSOLFDWLRQ�SDUWLFLSDQWV� WR� UHWULHYH�RU�XSGDWH� FRQILJXUDWLRQ
ILOHV��8VLQJ�=RR.HHSHU�ZDWFKHV��LW�LV�SRVVLEOH�WR�FUHDWH�DQ�DFWLYH�FRQILJXUDWLRQ�VHUYLFH�
ZKHUH�LQWHUHVWHG�FOLHQWV�DUH�QRWLILHG�RI�FKDQJHV�LQ�FRQILJXUDWLRQ�

/HW¦V�ZULWH�VXFK�D�VHUYLFH��:H�PDNH�D�FRXSOH�RI�DVVXPSWLRQV�WKDW�VLPSOLI\�WKH�LPSOH�
PHQWDWLRQ��WKH\�FRXOG�EH�UHPRYHG�ZLWK�D�OLWWOH�PRUH�ZRUN���)LUVW��WKH�RQO\�FRQILJXUDWLRQ
YDOXHV�ZH�QHHG�WR�VWRUH�DUH�VWULQJV��DQG�NH\V�DUH�MXVW�]QRGH�SDWKV��VR�ZH�XVH�D�]QRGH�WR
VWRUH�HDFK�NH\�YDOXH�SDLU��6HFRQG��WKHUH�LV�D�VLQJOH�FOLHQW�WKDW�SHUIRUPV�XSGDWHV�DW�DQ\
RQH�WLPH��$PRQJ�RWKHU�WKLQJV��WKLV�PRGHO�ILWV�ZLWK�WKH�LGHD�RI�D�PDVWHU��VXFK�DV�WKH
QDPHQRGH�LQ�+')6��WKDW�ZLVKHV�WR�XSGDWH�LQIRUPDWLRQ�WKDW�LWV�ZRUNHUV�QHHG�WR�IROORZ�
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:H�ZUDS�WKH�FRGH�XS�LQ�D�FODVV�FDOOHG�ActiveKeyValueStore�

public class ActiveKeyValueStore extends ConnectionWatcher {

  private static final Charset CHARSET = Charset.forName("UTF-8");

  public void write(String path, String value) throws InterruptedException,
      KeeperException {
    Stat stat = zk.exists(path, false);
    if (stat == null) {
      zk.create(path, value.getBytes(CHARSET), Ids.OPEN_ACL_UNSAFE,
          CreateMode.PERSISTENT);
    } else {
      zk.setData(path, value.getBytes(CHARSET), -1);
    }
  }
}

7KH�FRQWUDFW�RI� WKH�write()�PHWKRG� LV� WKDW�D�NH\�ZLWK�WKH�JLYHQ�YDOXH� LV�ZULWWHQ�WR
=RR.HHSHU��,W�KLGHV�WKH�GLIIHUHQFH�EHWZHHQ�FUHDWLQJ�D�QHZ�]QRGH�DQG�XSGDWLQJ�DQ�H[�
LVWLQJ�]QRGH�ZLWK�D�QHZ�YDOXH�E\�WHVWLQJ�ILUVW�IRU�WKH�]QRGH�XVLQJ�WKH�exists�RSHUDWLRQ
DQG�WKHQ�SHUIRUPLQJ�WKH�DSSURSULDWH�RSHUDWLRQ��7KH�RWKHU�GHWDLO�ZRUWK�PHQWLRQLQJ�LV
WKH� QHHG� WR� FRQYHUW� WKH� VWULQJ� YDOXH� WR� D� E\WH� DUUD\�� IRU� ZKLFK� ZH� MXVW� XVH� WKH�
getBytes()�PHWKRG�ZLWK�D�87)���HQFRGLQJ�

7R�LOOXVWUDWH�WKH�XVH�RI�WKH�ActiveKeyValueStore��FRQVLGHU�D�ConfigUpdater�FODVV�WKDW
XSGDWHV�D�FRQILJXUDWLRQ�SURSHUW\�ZLWK�D�YDOXH��7KH�OLVWLQJ�DSSHDUV�LQ�([DPSOH������

([DPSOH�������$Q�DSSOLFDWLRQ�WKDW�XSGDWHV�D�SURSHUW\�LQ�=RR.HHSHU�DW�UDQGRP�WLPHV

public class ConfigUpdater {
  
  public static final String PATH = "/config";
  
  private ActiveKeyValueStore store;
  private Random random = new Random();
  
  public ConfigUpdater(String hosts) throws IOException, InterruptedException {
    store = new ActiveKeyValueStore();
    store.connect(hosts);
  }
  
  public void run() throws InterruptedException, KeeperException {
    while (true) {
      String value = random.nextInt(100) + ";
      store.write(PATH, value);
      System.out.printf("Set %s to %s\n", PATH, value);
      TimeUnit.SECONDS.sleep(random.nextInt(10));
    }
  }
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  public static void main(String[] args) throws Exception {
    ConfigUpdater configUpdater = new ConfigUpdater(args[0]);
    configUpdater.run();
  }
}

7KH�SURJUDP�LV�VLPSOH��$�ConfigUpdater�KDV�DQ�ActiveKeyValueStore�WKDW�FRQQHFWV�WR
=RR.HHSHU�LQ�ConfigUpdater¦V�FRQVWUXFWRU��7KH�run()�PHWKRG�ORRSV�IRUHYHU��XSGDWLQJ
WKH��FRQILJ�]QRGH�DW�UDQGRP�WLPHV�ZLWK�UDQGRP�YDOXHV�

1H[W��OHW¦V�ORRN�DW�KRZ�WR�UHDG�WKH��FRQILJ�FRQILJXUDWLRQ�SURSHUW\��)LUVW��ZH�DGG�D�UHDG
PHWKRG�WR�ActiveKeyValueStore�

  public String read(String path, Watcher watcher) throws InterruptedException,
      KeeperException {
    byte[] data = zk.getData(path, watcher, null/*stat*/);
    return new String(data, CHARSET);
  }

7KH�getData()�PHWKRG�RI�=RR.HHSHU�WDNHV�WKH�SDWK��D�Watcher��DQG�D�Stat�REMHFW��7KH�
Stat�REMHFW�LV�ILOOHG�LQ�ZLWK�YDOXHV�E\�getData()�DQG�LV�XVHG�WR�SDVV�LQIRUPDWLRQ�EDFN�WR
WKH�FDOOHU��,Q�WKLV�ZD\��WKH�FDOOHU�FDQ�JHW�ERWK�WKH�GDWD�DQG�WKH�PHWDGDWD�IRU�D�]QRGH�
DOWKRXJK�LQ�WKLV�FDVH��ZH�SDVV�D�QXOO�Stat�EHFDXVH�ZH�DUH�QRW�LQWHUHVWHG�LQ�WKH�PHWDGDWD�

$V�D�FRQVXPHU�RI�WKH�VHUYLFH��ConfigWatcher��VHH�([DPSOH�������FUHDWHV�DQ�ActiveKey
ValueStore��DQG�DIWHU�VWDUWLQJ��FDOOV�WKH�VWRUH¦V�read()�PHWKRG��LQ�LWV�displayConfig()
PHWKRG��WR�SDVV�D�UHIHUHQFH�WR�LWVHOI�DV�WKH�ZDWFKHU��,W�GLVSOD\V�WKH�LQLWLDO�YDOXH�RI�WKH
FRQILJXUDWLRQ�WKDW�LW�UHDGV�

([DPSOH�������$Q�DSSOLFDWLRQ�WKDW�ZDWFKHV�IRU�XSGDWHV�RI�D�SURSHUW\�LQ�=RR.HHSHU�DQG�SULQWV�WKHP
WR�WKH�FRQVROH

public class ConfigWatcher implements Watcher {
  
  private ActiveKeyValueStore store;
  
  public ConfigWatcher(String hosts) throws IOException, InterruptedException {
    store = new ActiveKeyValueStore();
    store.connect(hosts);
  }
  
  public void displayConfig() throws InterruptedException, KeeperException {
    String value = store.read(ConfigUpdater.PATH, this);
    System.out.printf("Read %s as %s\n", ConfigUpdater.PATH, value);
  }

  @Override
  public void process(WatchedEvent event) {
    if (event.getType() == EventType.NodeDataChanged) {
      try {
        displayConfig();
      } catch (InterruptedException e) {
        System.err.println("Interrupted. Exiting.");        
        Thread.currentThread().interrupt();
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      } catch (KeeperException e) {
        System.err.printf("KeeperException: %s. Exiting.\n", e);        
      }
    }
  }
  
  public static void main(String[] args) throws Exception {
    ConfigWatcher configWatcher = new ConfigWatcher(args[0]);
    configWatcher.displayConfig();
    
    // stay alive until process is killed or thread is interrupted
    Thread.sleep(Long.MAX_VALUE);
  }
}

:KHQ�WKH�ConfigUpdater�XSGDWHV�WKH�]QRGH��=RR.HHSHU�FDXVHV�WKH�ZDWFKHU�WR�ILUH�ZLWK
DQ�HYHQW�W\SH�RI�EventType.NodeDataChanged��ConfigWatcher�DFWV�RQ�WKLV�HYHQW�LQ�LWV�
process()�PHWKRG�E\�UHDGLQJ�DQG�GLVSOD\LQJ�WKH�ODWHVW�YHUVLRQ�RI�WKH�FRQILJ�

%HFDXVH�ZDWFKHV�DUH�RQH�WLPH�VLJQDOV��ZH�WHOO�=RR.HHSHU�RI�WKH�QHZ�ZDWFK�HDFK�WLPH
ZH�FDOO�read()�RQ�ActiveKeyValueStore��ZKLFK�HQVXUHV�ZH�VHH�IXWXUH�XSGDWHV��)XUWKHU�
PRUH��ZH�DUH�QRW�JXDUDQWHHG�WR�UHFHLYH�HYHU\�XSGDWH��VLQFH�EHWZHHQ�WKH�UHFHLSW�RI�WKH
ZDWFK�HYHQW�DQG�WKH�QH[W�UHDG��WKH�]QRGH�PD\�KDYH�EHHQ�XSGDWHG��SRVVLEO\�PDQ\�WLPHV�
DQG�DV�WKH�FOLHQW�KDV�QR�ZDWFK�UHJLVWHUHG�GXULQJ�WKDW�SHULRG��LW�LV�QRW�QRWLILHG��)RU�WKH
FRQILJXUDWLRQ�VHUYLFH��WKLV�LV�QRW�D�SUREOHP��EHFDXVH�FOLHQWV�FDUH�RQO\�DERXW�WKH�ODWHVW
YDOXH�RI�D�SURSHUW\��DV�LW�WDNHV�SUHFHGHQFH�RYHU�SUHYLRXV�YDOXHV��+RZHYHU��LQ�JHQHUDO
\RX�VKRXOG�EH�DZDUH�RI�WKLV�SRWHQWLDO�OLPLWDWLRQ�

/HW¦V�VHH�WKH�FRGH�LQ�DFWLRQ��/DXQFK�WKH�ConfigUpdater�LQ�RQH�WHUPLQDO�ZLQGRZ�

% java ConfigUpdater localhost
Set /config to 79
Set /config to 14
Set /config to 78

7KHQ�ODXQFK�WKH�ConfigWatcher�LQ�DQRWKHU�ZLQGRZ�LPPHGLDWHO\�DIWHUZDUG�

% java ConfigWatcher localhost
Read /config as 79
Read /config as 14
Read /config as 78

The Resilient ZooKeeper Application
7KH�ILUVW�RI�WKH�)DOODFLHV�RI�'LVWULEXWHG�&RPSXWLQJ�VWDWHV�WKDW�£WKH�QHWZRUN�LV�UHOLD�
EOH�¤��$V�WKH\�VWDQG��WKH�SURJUDPV�VR�IDU�KDYH�EHHQ�DVVXPLQJ�D�UHOLDEOH�QHWZRUN��VR
ZKHQ�WKH\�UXQ�RQ�D�UHDO�QHWZRUN��WKH\�FDQ�IDLO�LQ�VHYHUDO�ZD\V��/HW¦V�H[DPLQH�SRVVLEOH
IDLOXUH�PRGHV�DQG�ZKDW�ZH�FDQ�GR�WR�FRUUHFW�WKHP�VR�WKDW�RXU�SURJUDPV�DUH�UHVLOLHQW�LQ
WKH�IDFH�RI�IDLOXUH�

�� 6HH�KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�)DOODFLHVBRIB'LVWULEXWHGB&RPSXWLQJ�
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(YHU\�=RR.HHSHU�RSHUDWLRQ�LQ�WKH�-DYD�$3,�GHFODUHV�WZR�W\SHV�RI�H[FHSWLRQ�LQ�LWV�WKURZV
FODXVH��InterruptedException�DQG�KeeperException�

InterruptedException
$Q�InterruptedException�LV�WKURZQ�LI�WKH�RSHUDWLRQ�LV�LQWHUUXSWHG��7KHUH�LV�D�VWDQGDUG
-DYD�PHFKDQLVP�IRU�FDQFHOLQJ�EORFNLQJ�PHWKRGV��ZKLFK�LV�WR�FDOO�interrupt()�RQ�WKH
WKUHDG�IURP�ZKLFK�WKH�EORFNLQJ�PHWKRG�ZDV�FDOOHG��$�VXFFHVVIXO�FDQFHOODWLRQ�ZLOO�UHVXOW
LQ�DQ�InterruptedException��=RR.HHSHU�DGKHUHV�WR�WKLV�VWDQGDUG��VR�\RX�FDQ�FDQFHO�D
=RR.HHSHU�RSHUDWLRQ�LQ�WKLV�ZD\��&ODVVHV�RU�OLEUDULHV�WKDW�XVH�=RR.HHSHU�XVXDOO\�VKRXOG
SURSDJDWH�WKH�InterruptedException�VR�WKDW�WKHLU�FOLHQWV�FDQ�FDQFHO�WKHLU�RSHUDWLRQV��

$Q�InterruptedException�GRHV�QRW�LQGLFDWH�D�IDLOXUH��EXW�UDWKHU�WKDW�WKH�RSHUDWLRQ�KDV
EHHQ�FDQFHOHG��VR�LQ�WKH�FRQILJXUDWLRQ�DSSOLFDWLRQ�H[DPSOH��LW�LV�DSSURSULDWH�WR�SURS�
DJDWH�WKH�H[FHSWLRQ��FDXVLQJ�WKH�DSSOLFDWLRQ�WR�WHUPLQDWH�

KeeperException
$�KeeperException�LV�WKURZQ�LI�WKH�=RR.HHSHU�VHUYHU�VLJQDOV�DQ�HUURU�RU�LI�WKHUH�LV�D
FRPPXQLFDWLRQ�SUREOHP�ZLWK�WKH�VHUYHU��)RU�GLIIHUHQW�HUURU�FDVHV��WKHUH�DUH�YDULRXV
VXEFODVVHV� RI� KeeperException�� )RU� H[DPSOH�� KeeperException.NoNodeException� LV� D
VXEFODVV�RI�KeeperException�WKDW�LV�WKURZQ�LI�\RX�WU\�WR�SHUIRUP�DQ�RSHUDWLRQ�RQ�D�]QRGH
WKDW�GRHVQ¦W�H[LVW�

(YHU\�VXEFODVV�RI�KeeperException�KDV�D�FRUUHVSRQGLQJ�FRGH�ZLWK�LQIRUPDWLRQ�DERXW
WKH�W\SH�RI�HUURU��)RU�H[DPSOH��IRU�KeeperException.NoNodeException�WKH�FRGH�LV�Keep
erException.Code.NONODE��DQ�HQXP�YDOXH��

7KHUH�DUH�WZR�ZD\V�WKHQ�WR�KDQGOH�KeeperException��HLWKHU�FDWFK�KeeperException�DQG
WHVW� LWV� FRGH� WR� GHWHUPLQH�ZKDW� UHPHG\LQJ� DFWLRQ� WR� WDNH�� RU� FDWFK� WKH� HTXLYDOHQW
KeeperException�VXEFODVVHV�DQG�SHUIRUP�WKH�DSSURSULDWH�DFWLRQ�LQ�HDFK�FDWFK�EORFN�

KeeperExceptionV�IDOO�LQWR�WKUHH�EURDG�FDWHJRULHV�

$�VWDWH�H[FHSWLRQ�RFFXUV�ZKHQ�WKH�RSHUDWLRQ�IDLOV�EHFDXVH�LW�FDQQRW�EH
DSSOLHG�WR�WKH�]QRGH�WUHH��6WDWH�H[FHSWLRQV�XVXDOO\�KDSSHQ�EHFDXVH�DQRWKHU�SURFHVV�LV
PXWDWLQJ�D�]QRGH�DW�WKH�VDPH�WLPH��)RU�H[DPSOH��D�setData�RSHUDWLRQ�ZLWK�D�YHUVLRQ
QXPEHU�ZLOO�IDLO�ZLWK�D�KeeperException.BadVersionException�LI�WKH�]QRGH�LV�XSGDWHG
E\�DQRWKHU�SURFHVV�ILUVW�EHFDXVH�WKH�YHUVLRQ�QXPEHU�GRHV�QRW�PDWFK��7KH�SURJUDPPHU
LV�XVXDOO\�DZDUH�WKDW�WKLV�NLQG�RI�FRQIOLFW�LV�SRVVLEOH�DQG�ZLOO�FRGH�WR�GHDO�ZLWK�LW�

6RPH� VWDWH� H[FHSWLRQV� LQGLFDWH� DQ� HUURU� LQ� WKH� SURJUDP�� VXFK� DV� KeeperExcep
tion.NoChildrenForEphemeralsException��ZKLFK�LV�WKURZQ�ZKHQ�WU\LQJ�WR�FUHDWH�D�FKLOG
]QRGH�RI�DQ�HSKHPHUDO�]QRGH�

State exceptions.

�� )RU�PRUH�GHWDLO��VHH�WKH�H[FHOOHQW�DUWLFOH�£'HDOLQJ�ZLWK�,QWHUUXSWHG([FHSWLRQ¤�E\�%ULDQ�*RHW]�
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5HFRYHUDEOH�H[FHSWLRQV�DUH�WKRVH�IURP�ZKLFK�WKH�DSSOLFDWLRQ�FDQ
UHFRYHU�ZLWKLQ�WKH�VDPH�=RR.HHSHU�VHVVLRQ��$�UHFRYHUDEOH�H[FHSWLRQ�LV�PDQLIHVWHG�E\�
KeeperException.ConnectionLossException�� ZKLFK� PHDQV� WKDW� WKH� FRQQHFWLRQ� WR
=RR.HHSHU�KDV�EHHQ�ORVW��=RR.HHSHU�ZLOO�WU\�WR�UHFRQQHFW��DQG�LQ�PRVW�FDVHV�WKH�UH�
FRQQHFWLRQ�ZLOO�VXFFHHG�DQG�HQVXUH�WKDW�WKH�VHVVLRQ�LV�LQWDFW�

+RZHYHU��=RR.HHSHU�FDQQRW�WHOO�ZKHWKHU�WKH�RSHUDWLRQ�WKDW�IDLOHG�ZLWK�KeeperExcep
tion.ConnectionLossException�ZDV�DSSOLHG��7KLV�LV�DQ�H[DPSOH�RI�SDUWLDO�IDLOXUH��ZKLFK
ZH�LQWURGXFHG�DW�WKH�EHJLQQLQJ�RI�WKH�FKDSWHU���7KH�RQXV�LV�WKHUHIRUH�RQ�WKH�SURJUDP�
PHU�WR�GHDO�ZLWK�WKH�XQFHUWDLQW\��DQG�WKH�DFWLRQ�WKDW�VKRXOG�EH�WDNHQ�GHSHQGV�RQ�WKH
DSSOLFDWLRQ�

$W�WKLV�SRLQW��LW�LV�XVHIXO�WR�PDNH�D�GLVWLQFWLRQ�EHWZHHQ� LGHPSRWHQW�DQG�QRQLGHPSR�
WHQW�RSHUDWLRQV��$Q�LGHPSRWHQW�RSHUDWLRQ�LV�RQH�WKDW�PD\�EH�DSSOLHG�RQH�RU�PRUH�WLPHV
ZLWK�WKH�VDPH�UHVXOW��VXFK�DV�D�UHDG�UHTXHVW�RU�DQ�XQFRQGLWLRQDO�setData��7KHVH�FDQ
VLPSO\�EH�UHWULHG�

$�QRQLGHPSRWHQW�RSHUDWLRQ�FDQQRW�EH�UHWULHG�LQGLVFULPLQDWHO\��DV�WKH�HIIHFW�RI�DSSO\LQJ
LW�PXOWLSOH� WLPHV� LV�QRW� WKH� VDPH�DV�DSSO\LQJ� LW�RQFH��7KH�SURJUDP�QHHGV�D�ZD\�RI
GHWHFWLQJ�ZKHWKHU�LWV�XSGDWH�ZDV�DSSOLHG�E\�HQFRGLQJ�LQIRUPDWLRQ�LQ�WKH�]QRGH¦V�SDWK�
QDPH�RU� LWV�GDWD��:H�GLVFXVV�KRZ�WR�GHDO�ZLWK� IDLOHG�QRQLGHPSRWHQW�RSHUDWLRQV� LQ
£5HFRYHUDEOH�H[FHSWLRQV¤�RQ�SDJH������ZKHQ�ZH�ORRN�DW�WKH�LPSOHPHQWDWLRQ�RI�D�ORFN
VHUYLFH�

,Q� VRPH� FDVHV�� WKH� =RR.HHSHU� VHVVLRQ� EHFRPHV� LQYDOLG¢
SHUKDSV�EHFDXVH�RI�D�WLPHRXW�RU�EHFDXVH�WKH�VHVVLRQ�ZDV�FORVHG��ERWK�JHW�D�KeeperEx
ception.SessionExpiredException���RU�SHUKDSV�EHFDXVH�DXWKHQWLFDWLRQ�IDLOHG��Keeper
Exception.AuthFailedException���,Q�DQ\�FDVH��DOO�HSKHPHUDO�QRGHV�DVVRFLDWHG�ZLWK�WKH
VHVVLRQ�ZLOO�EH�ORVW��VR�WKH�DSSOLFDWLRQ�QHHGV�WR�UHEXLOG�LWV�VWDWH�EHIRUH�UHFRQQHFWLQJ�WR
=RR.HHSHU�

A reliable configuration service
*RLQJ�EDFN�WR�WKH�write()�PHWKRG�LQ�ActiveKeyValueStore��UHFDOO�WKDW�LW�LV�FRPSRVHG
RI�DQ�exists�RSHUDWLRQ�IROORZHG�E\�HLWKHU�D�create�RU�D�setData�

  public void write(String path, String value) throws InterruptedException,
      KeeperException {
    Stat stat = zk.exists(path, false);
    if (stat == null) {
      zk.create(path, value.getBytes(CHARSET), Ids.OPEN_ACL_UNSAFE,
          CreateMode.PERSISTENT);
    } else {
      zk.setData(path, value.getBytes(CHARSET), -1);
    }
  }

7DNHQ�DV�D�ZKROH��WKH�write()�PHWKRG�LV�LGHPSRWHQW��VR�ZH�FDQ�DIIRUG�WR�XQFRQGL�
WLRQDOO\�UHWU\�LW��+HUH¦V�D�PRGLILHG�YHUVLRQ�RI�WKH�write()�PHWKRG�WKDW�UHWULHV�LQ�D�ORRS�

Recoverable exceptions.

Unrecoverable exceptions.
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,W� LV� VHW� WR� WU\� D� PD[LPXP� QXPEHU� RI� UHWULHV� �MAX_RETRIES�� DQG� VOHHSV� IRU�
RETRY_PERIOD_SECONDS�EHWZHHQ�HDFK�DWWHPSW�

  public void write(String path, String value) throws InterruptedException,
      KeeperException {
    int retries = 0;
    while (true) {
      try {
        Stat stat = zk.exists(path, false);
        if (stat == null) {
          zk.create(path, value.getBytes(CHARSET), Ids.OPEN_ACL_UNSAFE,
              CreateMode.PERSISTENT);
        } else {
          zk.setData(path, value.getBytes(CHARSET), stat.getVersion());
        }
        return;
      } catch (KeeperException.SessionExpiredException e) {
        throw e;
      } catch (KeeperException e) {
        if (retries++ == MAX_RETRIES) {
          throw e;
        }
        // sleep then retry
        TimeUnit.SECONDS.sleep(RETRY_PERIOD_SECONDS);
      }
    }
  }

7KH� FRGH� LV� FDUHIXO�QRW� WR� UHWU\�KeeperException.SessionExpiredException�� EHFDXVH
ZKHQ�D�VHVVLRQ�H[SLUHV��WKH�ZooKeeper�REMHFW�HQWHUV�WKH�CLOSED�VWDWH��IURP�ZKLFK�LW�FDQ
QHYHU�UHFRQQHFW��UHIHU�WR�)LJXUH��������:H�VLPSO\�UHWKURZ�WKH�H[FHSWLRQ���DQG�OHW�WKH
FDOOHU�FUHDWH�D�QHZ�ZooKeeper�LQVWDQFH��VR�WKDW�WKH�ZKROH�write()�PHWKRG�FDQ�EH�UHWULHG�
$�VLPSOH�ZD\�WR�FUHDWH�D�QHZ�LQVWDQFH�LV�WR�FUHDWH�D�QHZ�ConfigUpdater��ZKLFK�ZH¦YH
DFWXDOO\�UHQDPHG�ResilientConfigUpdater��WR�UHFRYHU�IURP�DQ�H[SLUHG�VHVVLRQ�

  public static void main(String[] args) throws Exception {
    while (true) {
      try {
        ResilientConfigUpdater configUpdater =
          new ResilientConfigUpdater(args[0]);
        configUpdater.run();
      } catch (KeeperException.SessionExpiredException e) {
        // start a new session
      } catch (KeeperException e) {
        // already retried, so exit
        e.printStackTrace();
        break;
      }
    }
  }

��� $QRWKHU�ZD\�RI�ZULWLQJ�WKH�FRGH�ZRXOG�EH�WR�KDYH�D�VLQJOH�FDWFK�EORFN��MXVW�IRU�KeeperException��DQG�D
WHVW�WR�VHH�ZKHWKHU�LWV�FRGH�KDV�WKH�YDOXH�KeeperException.Code.SESSIONEXPIRED��:KLFK�PHWKRG�\RX�XVH
LV�D�PDWWHU�RI�VW\OH��VLQFH�WKH\�ERWK�EHKDYH�LQ�WKH�VDPH�ZD\�
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$Q�DOWHUQDWLYH�ZD\�RI�GHDOLQJ�ZLWK�VHVVLRQ�H[SLU\�ZRXOG�EH�WR�ORRN�IRU�D�KeeperState
RI�W\SH�Expired�LQ�WKH�ZDWFKHU��WKDW�ZRXOG�EH�WKH�ConnectionWatcher�LQ�WKH�H[DPSOH
KHUH���DQG�FUHDWH�D�QHZ�FRQQHFWLRQ�ZKHQ�WKLV�LV�GHWHFWHG��7KLV�ZD\��ZH�ZRXOG�MXVW�NHHS
UHWU\LQJ�LQ�WKH�write()�PHWKRG��HYHQ�LI�ZH�JRW�D�KeeperException.SessionExpiredExcep
tion��VLQFH�WKH�FRQQHFWLRQ�VKRXOG�HYHQWXDOO\�EH�UHHVWDEOLVKHG��5HJDUGOHVV�RI�WKH�SUHFLVH
PHFKDQLFV�RI�KRZ�ZH�UHFRYHU�IURP�DQ�H[SLUHG�VHVVLRQ��WKH�LPSRUWDQW�SRLQW�LV�WKDW�LW�LV
D�GLIIHUHQW�NLQG�RI�IDLOXUH�IURP�FRQQHFWLRQ�ORVV�DQG�QHHGV�WR�EH�KDQGOHG�GLIIHUHQWO\�

7KHUH¦V�DFWXDOO\�DQRWKHU�IDLOXUH�PRGH�WKDW�ZH¦YH�LJQRUHG�KHUH��:KHQ
WKH�ZooKeeper�REMHFW�LV�FUHDWHG��LW�WULHV�WR�FRQQHFW�WR�D�=RR.HHSHU�VHUYHU�
,I�WKH�FRQQHFWLRQ�IDLOV�RU�WLPHV�RXW��WKHQ�LW�WULHV�DQRWKHU�VHUYHU�LQ�WKH
HQVHPEOH��,I��DIWHU�WU\LQJ�DOO�RI�WKH�VHUYHUV�LQ�WKH�HQVHPEOH��LW�FDQ¦W�FRQ�
QHFW��WKHQ�LW�WKURZV�DQ�IOException��7KH�OLNHOLKRRG�RI�DOO�=RR.HHSHU
VHUYHUV�EHLQJ�XQDYDLODEOH�LV�ORZ��QHYHUWKHOHVV��VRPH�DSSOLFDWLRQV�PD\
FKRRVH�WR�UHWU\�WKH�RSHUDWLRQ�LQ�D�ORRS�XQWLO�=RR.HHSHU�LV�DYDLODEOH�

7KLV�LV�MXVW�RQH�VWUDWHJ\�IRU�UHWU\�KDQGOLQJ��7KHUH�DUH�PDQ\�RWKHUV��VXFK�DV�XVLQJ�H[�
SRQHQWLDO�EDFNRII�ZKHUH�WKH�SHULRG�EHWZHHQ�UHWULHV�LV�PXOWLSOLHG�E\�D�FRQVWDQW�HDFK
WLPH��7KH�org.apache.hadoop.io.retry�SDFNDJH�LQ�+DGRRS�&RUH�LV�D�VHW�RI�XWLOLWLHV�IRU
DGGLQJ�UHWU\�ORJLF�LQWR�\RXU�FRGH�LQ�D�UHXVDEOH�ZD\��DQG�LW�PD\�EH�KHOSIXO�IRU�EXLOGLQJ
=RR.HHSHU�DSSOLFDWLRQV�

A Lock Service
$�GLVWULEXWHG�ORFN�LV�D�PHFKDQLVP�IRU�SURYLGLQJ�PXWXDO�H[FOXVLRQ�EHWZHHQ�D�FROOHFWLRQ
RI�SURFHVVHV��$W�DQ\�RQH�WLPH��RQO\�D�VLQJOH�SURFHVV�PD\�KROG�WKH�ORFN��'LVWULEXWHG�ORFNV
FDQ�EH�XVHG�IRU�OHDGHU�HOHFWLRQ�LQ�D�ODUJH�GLVWULEXWHG�V\VWHP��ZKHUH�WKH�OHDGHU�LV�WKH
SURFHVV�WKDW�KROGV�WKH�ORFN�DW�DQ\�SRLQW�LQ�WLPH�

'R�QRW�FRQIXVH�=RR.HHSHU¦V�RZQ�OHDGHU�HOHFWLRQ�ZLWK�D�JHQHUDO�OHDGHU
HOHFWLRQ�VHUYLFH��ZKLFK�FDQ�EH�EXLOW�XVLQJ�=RR.HHSHU�SULPLWLYHV��DQG�LQ
IDFW�� RQH� LPSOHPHQWDWLRQ� LV� LQFOXGHG�ZLWK�=RR.HHSHU���=RR.HHSHU¦V
RZQ�OHDGHU�HOHFWLRQ�LV�QRW�H[SRVHG�SXEOLFO\��XQOLNH�WKH�W\SH�RI�JHQHUDO
OHDGHU�HOHFWLRQ�VHUYLFH�ZH�DUH�GHVFULELQJ�KHUH��ZKLFK�LV�GHVLJQHG�WR�EH
XVHG�E\�GLVWULEXWHG�V\VWHPV�WKDW�QHHG�WR�DJUHH�XSRQ�D�PDVWHU�SURFHVV�

7R�LPSOHPHQW�D�GLVWULEXWHG�ORFN�XVLQJ�=RR.HHSHU��ZH�XVH�VHTXHQWLDO�]QRGHV�WR�LPSRVH
DQ�RUGHU�RQ�WKH�SURFHVVHV�Y\LQJ�IRU�WKH�ORFN��7KH�LGHD�LV�VLPSOH��ILUVW��GHVLJQDWH�D�ORFN
]QRGH��W\SLFDOO\�GHVFULELQJ�WKH�HQWLW\�EHLQJ�ORFNHG�RQ��VD\���OHDGHU��WKHQ��FOLHQWV�WKDW
ZDQW�WR�DFTXLUH�WKH�ORFN�FUHDWH�VHTXHQWLDO�HSKHPHUDO�]QRGHV�DV�FKLOGUHQ�RI�WKH�ORFN
]QRGH��$W�DQ\�SRLQW�LQ�WLPH��WKH�FOLHQW�ZLWK�WKH�ORZHVW�VHTXHQFH�QXPEHU�KROGV�WKH�ORFN�
)RU�H[DPSOH��LI�WZR�FOLHQWV�FUHDWH�WKH�]QRGHV�DW��OHDGHU�ORFN���DQG��OHDGHU�ORFN���DURXQG
WKH�VDPH�WLPH��WKHQ�WKH�FOLHQW�WKDW�FUHDWHG��OHDGHU�ORFN���KROGV�WKH�ORFN��VLQFH�LWV�]QRGH
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KDV�WKH�ORZHVW�VHTXHQFH�QXPEHU��7KH�=RR.HHSHU�VHUYLFH�LV�WKH�DUELWHU�RI�RUGHU�EHFDXVH
LW�DVVLJQV�WKH�VHTXHQFH�QXPEHUV�

7KH�ORFN�PD\�EH�UHOHDVHG�VLPSO\�E\�GHOHWLQJ�WKH�]QRGH��OHDGHU�ORFN����DOWHUQDWLYHO\��LI
WKH�FOLHQW�SURFHVV�GLHV��LW�ZLOO�EH�GHOHWHG�E\�YLUWXH�RI�EHLQJ�DQ�HSKHPHUDO�]QRGH��7KH
FOLHQW�WKDW�FUHDWHG��OHDGHU�ORFN���ZLOO�WKHQ�KROG�WKH�ORFN�EHFDXVH�LW�KDV�WKH�QH[W�ORZHVW
VHTXHQFH�QXPEHU��,W�ZLOO�EH�QRWLILHG�WKDW�LW�KDV�WKH�ORFN�E\�FUHDWLQJ�D�ZDWFK�WKDW�ILUHV
ZKHQ�]QRGHV�JR�DZD\�

7KH�SVHXGRFRGH�IRU�ORFN�DFTXLVLWLRQ�LV�DV�IROORZV�

�� &UHDWH�DQ�HSKHPHUDO�VHTXHQWLDO�]QRGH�QDPHG�ORFN��XQGHU�WKH�ORFN�]QRGH��DQG�UH�
PHPEHU�LWV�DFWXDO�SDWKQDPH��WKH�UHWXUQ�YDOXH�RI�WKH�create�RSHUDWLRQ��

�� *HW�WKH�FKLOGUHQ�RI�WKH�ORFN�]QRGH�DQG�VHW�D�ZDWFK�

�� ,I�WKH�SDWK�QDPH�RI�WKH�]QRGH�FUHDWHG�LQ���KDV�WKH�ORZHVW�QXPEHU�RI�WKH�FKLOGUHQ
UHWXUQHG�LQ����WKHQ�WKH�ORFN�KDV�EHHQ�DFTXLUHG��([LW�

�� :DLW�IRU�WKH�QRWLILFDWLRQ�IURP�WKH�ZDWFK�VHW�LQ����DQG�JR�WR�VWHS���

The herd effect
$OWKRXJK�WKLV�DOJRULWKP�LV�FRUUHFW��WKHUH�DUH�VRPH�SUREOHPV�ZLWK�LW��7KH�ILUVW�SUREOHP
LV�WKDW�WKLV�LPSOHPHQWDWLRQ�VXIIHUV�IURP�WKH�KHUG�HIIHFW��&RQVLGHU�KXQGUHGV�RU�WKRX�
VDQGV�RI�FOLHQWV��DOO�WU\LQJ�WR�DFTXLUH�WKH�ORFN��(DFK�FOLHQW�SODFHV�D�ZDWFK�RQ�WKH�ORFN
]QRGH�IRU�FKDQJHV�LQ�LWV�VHW�RI�FKLOGUHQ��(YHU\�WLPH�WKH�ORFN�LV�UHOHDVHG�RU�DQRWKHU�SURFHVV
VWDUWV�WKH�ORFN�DFTXLVLWLRQ�SURFHVV��WKH�ZDWFK�ILUHV��DQG�HYHU\�FOLHQW�UHFHLYHV�D�QRWLILFD�
WLRQ��7KH�£KHUG�HIIHFW¤�UHIHUV�WR�D�ODUJH�QXPEHU�RI�FOLHQWV�EHLQJ�QRWLILHG�RI�WKH�VDPH
HYHQW�ZKHQ�RQO\�D�VPDOO�QXPEHU�RI�WKHP�FDQ�DFWXDOO\�SURFHHG��,Q�WKLV�FDVH��RQO\�RQH
FOLHQW�ZLOO�VXFFHVVIXOO\�DFTXLUH�WKH�ORFN��DQG�WKH�SURFHVV�RI�PDLQWDLQLQJ�DQG�VHQGLQJ
ZDWFK�HYHQWV�WR�DOO�FOLHQWV�FDXVHV�WUDIILF�VSLNHV��ZKLFK�SXW�SUHVVXUH�RQ�WKH�=RR.HHSHU
VHUYHUV�

7R�DYRLG�WKH�KHUG�HIIHFW��WKH�FRQGLWLRQ�IRU�QRWLILFDWLRQ�QHHGV�WR�EH�UHILQHG��7KH�NH\
REVHUYDWLRQ�IRU�LPSOHPHQWLQJ�ORFNV�LV�WKDW�D�FOLHQW�QHHGV�WR�EH�QRWLILHG�RQO\�ZKHQ�WKH
FKLOG�]QRGH�ZLWK�WKH�SUHYLRXV�VHTXHQFH�QXPEHU�JRHV�DZD\��QRW�ZKHQ�DQ\�FKLOG�]QRGH
LV� GHOHWHG� �RU� FUHDWHG��� ,Q� RXU� H[DPSOH�� LI� FOLHQWV� KDYH� FUHDWHG� WKH� ]QRGHV� �OHDGHU�
ORFN�����OHDGHU�ORFN����DQG��OHDGHU�ORFN����WKHQ�WKH�FOLHQW�KROGLQJ��OHDGHU�ORFN���QHHGV�WR
EH� QRWLILHG� RQO\� ZKHQ� �OHDGHU�ORFN��� GLVDSSHDUV�� ,W� GRHV� QRW� QHHG� WR� EH� QRWLILHG
ZKHQ��OHDGHU�ORFN���GLVDSSHDUV�RU�ZKHQ�D�QHZ�]QRGH��OHDGHU�ORFN���LV�DGGHG�

Recoverable exceptions
$QRWKHU�SUREOHP�ZLWK�WKH�ORFN�DOJRULWKP�DV�LW�VWDQGV�LV�WKDW�LW�GRHVQ¦W�KDQGOH�WKH�FDVH
ZKHQ�WKH�FUHDWH�RSHUDWLRQ�IDLOV�GXH�WR�FRQQHFWLRQ�ORVV��5HFDOO�WKDW�LQ�WKLV�FDVH�ZH�GR
QRW�NQRZ�ZKHWKHU�WKH�RSHUDWLRQ�VXFFHHGHG�RU�IDLOHG��&UHDWLQJ�D�VHTXHQWLDO�]QRGH�LV�D
QRQLGHPSRWHQW� RSHUDWLRQ�� VR�ZH� FDQ¦W� VLPSO\� UHWU\�� EHFDXVH� LI� WKH� ILUVW� FUHDWH� KDG
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VXFFHHGHG��ZH�ZRXOG�KDYH�DQ�RUSKDQHG�]QRGH�WKDW�ZRXOG�QHYHU�EH�GHOHWHG��XQWLO�WKH
FOLHQW�VHVVLRQ�HQGHG��DW�OHDVW���'HDGORFN�ZRXOG�EH�WKH�XQIRUWXQDWH�UHVXOW�

7KH�SUREOHP�LV�WKDW�DIWHU�UHFRQQHFWLQJ��WKH�FOLHQW�FDQ¦W�WHOO�ZKHWKHU�LW�FUHDWHG�DQ\�RI
WKH�FKLOG�]QRGHV��%\�HPEHGGLQJ�DQ�LGHQWLILHU�LQ�WKH�]QRGH�QDPH��LI�LW�VXIIHUV�D�FRQQHFWLRQ
ORVV��LW�FDQ�FKHFN�WR�VHH�ZKHWKHU�DQ\�RI�WKH�FKLOGUHQ�RI�WKH�ORFN�QRGH�KDYH�LWV�LGHQWLILHU
LQ�WKHLU�QDPH��,I�D�FKLOG�FRQWDLQV�LWV�LGHQWLILHU��LW�NQRZV�WKDW�WKH�FUHDWH�RSHUDWLRQ�VXF�
FHHGHG��DQG�LW�VKRXOGQ¦W�FUHDWH�DQRWKHU�FKLOG�]QRGH��,I�QR�FKLOG�KDV�WKH�LGHQWLILHU�LQ�LWV
QDPH��WKH�FOLHQW�FDQ�VDIHO\�FUHDWH�D�QHZ�VHTXHQWLDO�FKLOG�]QRGH�

7KH�FOLHQW¦V�VHVVLRQ�LGHQWLILHU�LV�D�ORQJ�LQWHJHU�WKDW�LV�XQLTXH�IRU�WKH�=RR.HHSHU�VHUYLFH
DQG�WKHUHIRUH�LGHDO�IRU�WKH�SXUSRVH�RI�LGHQWLI\LQJ�D�FOLHQW�DFURVV�FRQQHFWLRQ�ORVV�HYHQWV�
7KH�VHVVLRQ�LGHQWLILHU�FDQ�EH�REWDLQHG�E\�FDOOLQJ�WKH�getSessionId()�PHWKRG�RQ�WKH
ZooKeeper�-DYD�FODVV�

7KH� HSKHPHUDO� VHTXHQWLDO� ]QRGH� VKRXOG� EH� FUHDWHG�ZLWK� D� QDPH� RI� WKH� IRUP� ORFN�
<sessionId>���VR�WKDW�ZKHQ�WKH�VHTXHQFH�QXPEHU�LV�DSSHQGHG�E\�=RR.HHSHU��WKH�QDPH
EHFRPHV�ORFN�<sessionId>�<sequenceNumber>��7KH�VHTXHQFH�QXPEHUV�DUH�XQLTXH�WR�WKH
SDUHQW��QRW�WR�WKH�QDPH�RI�WKH�FKLOG��VR�WKLV�WHFKQLTXH�DOORZV�WKH�FKLOG�]QRGHV�WR�LGHQWLI\
WKHLU�FUHDWRUV�DV�ZHOO�DV�LPSRVH�DQ�RUGHU�RI�FUHDWLRQ�

Unrecoverable exceptions
,I�D�FOLHQW¦V�=RR.HHSHU�VHVVLRQ�H[SLUHV��WKH�HSKHPHUDO�]QRGH�FUHDWHG�E\�WKH�FOLHQW�ZLOO
EH�GHOHWHG��HIIHFWLYHO\�UHOLQTXLVKLQJ�WKH�ORFN�RU�DW�OHDVW�IRUIHLWLQJ�WKH�FOLHQW¦V�WXUQ�WR
DFTXLUH�WKH�ORFN��7KH�DSSOLFDWLRQ�XVLQJ�WKH�ORFN�VKRXOG�UHDOL]H�WKDW�LW�QR�ORQJHU�KROGV
WKH�ORFN��FOHDQ�XS�LWV�VWDWH��DQG�WKHQ�VWDUW�DJDLQ�E\�FUHDWLQJ�D�QHZ�ORFN�REMHFW�DQG�WU\LQJ
WR�DFTXLUH�LW��1RWLFH�WKDW�LW�LV�WKH�DSSOLFDWLRQ�WKDW�FRQWUROV�WKLV�SURFHVV��QRW�WKH�ORFN
LPSOHPHQWDWLRQ��VLQFH�LW�FDQQRW�VHFRQG�JXHVV�KRZ�WKH�DSSOLFDWLRQ�QHHGV�WR�FOHDQ�XS
LWV�VWDWH�

Implementation
,PSOHPHQWLQJ�D�GLVWULEXWHG�ORFN�FRUUHFWO\�LV�D�GHOLFDWH�PDWWHU��VLQFH�DFFRXQWLQJ�IRU�DOO
RI�WKH�IDLOXUH�PRGHV� LV�QRQWULYLDO��=RR.HHSHU�FRPHV�ZLWK�D�SURGXFWLRQ�TXDOLW\� ORFN
LPSOHPHQWDWLRQ�LQ�-DYD�FDOOHG�WriteLock�WKDW�LV�YHU\�HDV\�IRU�FOLHQWV�WR�XVH�

More Distributed Data Structures and Protocols
7KHUH�DUH�PDQ\�GLVWULEXWHG�GDWD�VWUXFWXUHV�DQG�SURWRFROV�WKDW�FDQ�EH�EXLOW�ZLWK�=RR�
.HHSHU��VXFK�DV�EDUULHUV��TXHXHV��DQG�WZR�SKDVH�FRPPLW��2QH�LQWHUHVWLQJ�WKLQJ�WR�QRWH
LV�WKDW�WKHVH�DUH�V\QFKURQRXV�SURWRFROV��HYHQ�WKRXJK�ZH�XVH�DV\QFKURQRXV�=RR.HHSHU
SULPLWLYHV��VXFK�DV�QRWLILFDWLRQV��WR�EXLOG�WKHP�

7KH�=RR.HHSHU�ZHEVLWH�GHVFULEHV�VHYHUDO�VXFK�GDWD�VWUXFWXUHV�DQG�SURWRFROV�LQ�SVHX�
GRFRGH��=RR.HHSHU�FRPHV�ZLWK� LPSOHPHQWDWLRQV�RI�VRPH�RI� WKHVH�VWDQGDUG�UHFLSHV
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�LQFOXGLQJ�ORFNV��OHDGHU�HOHFWLRQ��DQG�TXHXHV���WKH\�FDQ�EH�IRXQG�LQ�WKH�UHFLSHV�GLUHFWRU\
RI�WKH�GLVWULEXWLRQ�

7KH�&XUDWRU�SURMHFW��KWWSV���JLWKXE�FRP�1HWIOL[�FXUDWRU��DOVR�SURYLGHV�DQ�H[WHQVLYH�VHW
RI�=RR.HHSHU�UHFLSHV�

BookKeeper and Hedwig
%RRN.HHSHU�LV�D�KLJKO\�DYDLODEOH�DQG�UHOLDEOH�ORJJLQJ�VHUYLFH��,W�FDQ�EH�XVHG�WR�SURYLGH
ZULWH�DKHDG�ORJJLQJ��ZKLFK�LV�D�FRPPRQ�WHFKQLTXH�IRU�HQVXULQJ�GDWD�LQWHJULW\�LQ�VWRUDJH
V\VWHPV��,Q�D�V\VWHP�XVLQJ�ZULWH�DKHDG�ORJJLQJ��HYHU\�ZULWH�RSHUDWLRQ�LV�ZULWWHQ�WR�WKH
WUDQVDFWLRQ�ORJ�EHIRUH�LW�LV�DSSOLHG��8VLQJ�WKLV�SURFHGXUH��ZH�GRQ¦W�KDYH�WR�ZULWH�WKH
GDWD�WR�SHUPDQHQW�VWRUDJH�DIWHU�HYHU\�ZULWH�RSHUDWLRQ��EHFDXVH�LQ�WKH�HYHQW�RI�D�V\VWHP
IDLOXUH��WKH�ODWHVW�VWDWH�PD\�EH�UHFRYHUHG�E\�UHSOD\LQJ�WKH�WUDQVDFWLRQ�ORJ�IRU�DQ\�ZULWHV
WKDW�ZHUH�QRW�DSSOLHG�

%RRN.HHSHU�FOLHQWV�FUHDWH�ORJV�FDOOHG�OHGJHUV��DQG�HDFK�UHFRUG�DSSHQGHG�WR�D�OHGJHU�LV
FDOOHG�D�OHGJHU�HQWU\��ZKLFK�LV�VLPSO\�D�E\WH�DUUD\��/HGJHUV�DUH�PDQDJHG�E\�ERRNLHV�
ZKLFK�DUH�VHUYHUV�WKDW�UHSOLFDWH�WKH�OHGJHU�GDWD��1RWH�WKDW�OHGJHU�GDWD�LV�QRW�VWRUHG�LQ
=RR.HHSHU��RQO\�PHWDGDWD�LV�

7UDGLWLRQDOO\�� WKH�FKDOOHQJH�KDV�EHHQ�WR�PDNH�V\VWHPV�WKDW�XVH�ZULWH�DKHDG� ORJJLQJ
UREXVW�LQ�WKH�IDFH�RI�IDLOXUH�RI�WKH�QRGH�ZULWLQJ�WKH�WUDQVDFWLRQ�ORJ��7KLV�LV�XVXDOO\�GRQH
E\�UHSOLFDWLQJ�WKH�WUDQVDFWLRQ� ORJ� LQ�VRPH�PDQQHU��+DGRRS¦V�+')6�QDPHQRGH�� IRU
LQVWDQFH��ZULWHV�LWV�HGLW�ORJ�WR�PXOWLSOH�GLVNV��RQH�RI�ZKLFK�LV�W\SLFDOO\�DQ�1)6�PRXQWHG
GLVN��+RZHYHU��LQ�WKH�HYHQW�RI�IDLOXUH�RI�WKH�SULPDU\��IDLORYHU�LV�VWLOO�PDQXDO��%\�SUR�
YLGLQJ� ORJJLQJ� DV� D�KLJKO\� DYDLODEOH� VHUYLFH��%RRN.HHSHU�SURPLVHV� WR�PDNH� IDLORYHU
WUDQVSDUHQW��VLQFH�LW�FDQ�WROHUDWH�WKH�ORVV�RI�ERRNLH�VHUYHUV���,Q�WKH�FDVH�RI�+')6�+LJK�
$YDLODELOLW\��GHVFULEHG�RQ�SDJH�����D�%RRN.HHSHU�EDVHG�HGLW� ORJ�ZLOO�UHPRYH�WKH�UH�
TXLUHPHQW�IRU�XVLQJ�1)6�IRU�VKDUHG�VWRUDJH��

+HGZLJ�LV�D�WRSLF�EDVHG�SXEOLVK�VXEVFULEH�V\VWHP�EXLOW�RQ�%RRN.HHSHU��7KDQNV�WR�LWV
=RR.HHSHU�XQGHUSLQQLQJV��+HGZLJ�LV�D�KLJKO\�DYDLODEOH�VHUYLFH�DQG�JXDUDQWHHV�PHVVDJH
GHOLYHU\�HYHQ�LI�VXEVFULEHUV�DUH�RIIOLQH�IRU�H[WHQGHG�SHULRGV�RI�WLPH�

%RRN.HHSHU�LV�D�=RR.HHSHU�VXESURMHFW��DQG�\RX�FDQ�ILQG�PRUH�LQIRUPDWLRQ�RQ�KRZ�WR
XVH�LW��DV�ZHOO�DV�+HGZLJ��DW�KWWS���]RRNHHSHU�DSDFKH�RUJ�ERRNNHHSHU��

ZooKeeper in Production
,Q�SURGXFWLRQ��\RX�VKRXOG�UXQ�=RR.HHSHU�LQ�UHSOLFDWHG�PRGH��+HUH��ZH�ZLOO�FRYHU�VRPH
RI�WKH�FRQVLGHUDWLRQV�IRU�UXQQLQJ�DQ�HQVHPEOH�RI�=RR.HHSHU�VHUYHUV��+RZHYHU��WKLV
VHFWLRQ� LV� QRW� H[KDXVWLYH�� VR� \RX� VKRXOG� FRQVXOW� WKH� =RR.HHSHU� $GPLQLVWUDWRU¦V
*XLGH� IRU� GHWDLOHG�� XS�WR�GDWH� LQVWUXFWLRQV�� LQFOXGLQJ� VXSSRUWHG� SODWIRUPV�� UHFRP�
PHQGHG�KDUGZDUH��PDLQWHQDQFH�SURFHGXUHV��DQG�FRQILJXUDWLRQ�SURSHUWLHV�
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Resilience and Performance
=RR.HHSHU�PDFKLQHV�VKRXOG�EH�ORFDWHG�WR�PLQLPL]H�WKH�LPSDFW�RI�PDFKLQH�DQG�QHWZRUN
IDLOXUH��,Q�SUDFWLFH��WKLV�PHDQV�WKDW�VHUYHUV�VKRXOG�EH�VSUHDG�DFURVV�UDFNV��SRZHU�VXS�
SOLHV��DQG�VZLWFKHV��VR�WKDW�WKH�IDLOXUH�RI�DQ\�RQH�RI�WKHVH�GRHV�QRW�FDXVH�WKH�HQVHPEOH
WR�ORVH�D�PDMRULW\�RI�LWV�VHUYHUV�

)RU�DSSOLFDWLRQV�WKDW�UHTXLUH�ORZ�ODWHQF\�VHUYLFH��RQ�WKH�RUGHU�RI�D�IHZ�PLOOLVHFRQGV��
LW�LV�LPSRUWDQW�WR�UXQ�DOO�WKH�VHUYHUV�LQ�DQ�HQVHPEOH�LQ�D�VLQJOH�GDWD�FHQWHU��6RPH�XVH
FDVHV�GRQ¦W�UHTXLUH�ORZ�ODWHQF\�UHVSRQVHV��KRZHYHU��ZKLFK�PDNHV�LW�IHDVLEOH�WR�VSUHDG
VHUYHUV�DFURVV�GDWD�FHQWHUV��DW�OHDVW�WZR�SHU�GDWD�FHQWHU��IRU�H[WUD�UHVLOLHQFH��([DPSOH
DSSOLFDWLRQV�LQ�WKLV�FDWHJRU\�DUH�OHDGHU�HOHFWLRQ�DQG�GLVWULEXWHG�FRDUVH�JUDLQHG�ORFNLQJ�
ERWK�RI�ZKLFK�KDYH�UHODWLYHO\�LQIUHTXHQW�VWDWH�FKDQJHV��VR�WKH�RYHUKHDG�RI�D�IHZ�WHQV�RI
PLOOLVHFRQGV� LQFXUUHG�E\� LQWHU�GDWD�FHQWHU�PHVVDJHV� LV�QRW�VLJQLILFDQW�UHODWLYH�WR�WKH
RYHUDOO�IXQFWLRQLQJ�RI�WKH�VHUYLFH�

=RR.HHSHU�KDV�WKH�FRQFHSW�RI�DQ�REVHUYHU�QRGH��ZKLFK�LV� OLNH�D�QRQ�
YRWLQJ�IROORZHU��%HFDXVH�WKH\�GR�QRW�SDUWLFLSDWH�LQ�WKH�YRWH�IRU�FRQVHQ�
VXV� GXULQJ� ZULWH� UHTXHVWV�� REVHUYHUV� DOORZ� D� =RR.HHSHU� FOXVWHU� WR
LPSURYH�UHDG�SHUIRUPDQFH�ZLWKRXW�KXUWLQJ�ZULWH�SHUIRUPDQFH����2E�
VHUYHUV�FDQ�EH�XVHG�WR�JRRG�DGYDQWDJH�WR�DOORZ�D�=RR.HHSHU�FOXVWHU�WR
VSDQ�GDWD�FHQWHUV�ZLWKRXW�LPSDFWLQJ�ODWHQF\�DV�PXFK�DV�UHJXODU�YRWLQJ
IROORZHUV��7KLV�LV�DFKLHYHG�E\�SODFLQJ�WKH�YRWLQJ�PHPEHUV�LQ�RQH�GDWD
FHQWHU�DQG�REVHUYHUV�LQ�WKH�RWKHU�

=RR.HHSHU�LV�D�KLJKO\�DYDLODEOH�V\VWHP��DQG�LW�LV�FULWLFDO�WKDW�LW�FDQ�SHUIRUP�LWV�IXQFWLRQV
LQ�D�WLPHO\�PDQQHU��7KHUHIRUH��=RR.HHSHU�VKRXOG�UXQ�RQ�PDFKLQHV�WKDW�DUH�GHGLFDWHG
WR�=RR.HHSHU�DORQH��+DYLQJ�RWKHU�DSSOLFDWLRQV�FRQWHQG�IRU�UHVRXUFHV�FDQ�FDXVH�=RR�
.HHSHU¦V�SHUIRUPDQFH�WR�GHJUDGH�VLJQLILFDQWO\�

&RQILJXUH�=RR.HHSHU�WR�NHHS�LWV�WUDQVDFWLRQ�ORJ�RQ�D�GLIIHUHQW�GLVN�GULYH�IURP�LWV�VQDS�
VKRWV��%\�GHIDXOW��ERWK�JR�LQ�WKH�GLUHFWRU\�VSHFLILHG�E\�WKH�dataDir�SURSHUW\��EXW�E\
VSHFLI\LQJ�D�ORFDWLRQ�IRU�dataLogDir��WKH�WUDQVDFWLRQ�ORJ�ZLOO�EH�ZULWWHQ�WKHUH��%\�KDYLQJ
LWV�RZQ�GHGLFDWHG�GHYLFH��QRW�MXVW�D�SDUWLWLRQ���D�=RR.HHSHU�VHUYHU�FDQ�PD[LPL]H�WKH
UDWH�DW�ZKLFK�LW�ZULWHV�ORJ�HQWULHV�WR�GLVN��ZKLFK�LW�GRHV�VHTXHQWLDOO\�ZLWKRXW�VHHNLQJ�
%HFDXVH�DOO�ZULWHV�JR�WKURXJK�WKH�OHDGHU��ZULWH�WKURXJKSXW�GRHV�QRW�VFDOH�E\�DGGLQJ
VHUYHUV��VR�LW�LV�FUXFLDO�WKDW�ZULWHV�DUH�DV�IDVW�DV�SRVVLEOH�

,I�WKH�SURFHVV�VZDSV�WR�GLVN��SHUIRUPDQFH�ZLOO�EH�DGYHUVHO\�DIIHFWHG��7KLV�FDQ�EH�DYRLGHG
E\�VHWWLQJ�WKH�-DYD�KHDS�VL]H�WR�OHVV�WKDQ�WKH�DPRXQW�RI�XQXVHG�SK\VLFDO�PHPRU\�RQ
WKH�PDFKLQH��)URP�LWV�FRQILJXUDWLRQ�GLUHFWRU\��WKH�=RR.HHSHU�VFULSWV�ZLOO�VRXUFH�D�ILOH

��� 7KLV� LV� GLVFXVVHG� LQ�PRUH�GHWDLO� LQ� £2EVHUYHUV��0DNLQJ�=RR.HHSHU� 6FDOH�(YHQ�)XUWKHU¤
E\�+HQU\�5RELQVRQ�
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FDOOHG�MDYD�HQY��ZKLFK�FDQ�EH�XVHG�WR�VHW�WKH�JVMFLAGS�HQYLURQPHQW�YDULDEOH�WR�VSHFLI\
WKH�KHDS�VL]H��DQG�DQ\�RWKHU�GHVLUHG�-90�DUJXPHQWV��

Configuration
(DFK�VHUYHU�LQ�WKH�HQVHPEOH�RI�=RR.HHSHU�VHUYHUV�KDV�D�QXPHULF�LGHQWLILHU�WKDW�LV�XQLTXH
ZLWKLQ�WKH�HQVHPEOH�DQG�PXVW�IDOO�EHWZHHQ���DQG������7KH�VHUYHU�QXPEHU�LV�VSHFLILHG
LQ�SODLQ�WH[W�LQ�D�ILOH�QDPHG�P\LG�LQ�WKH�GLUHFWRU\�VSHFLILHG�E\�WKH�dataDir�SURSHUW\�

6HWWLQJ�HDFK�VHUYHU�QXPEHU�LV�RQO\�KDOI�RI�WKH�MRE��:H�DOVR�QHHG�WR�JLYH�HYHU\�VHUYHU�DOO
WKH� LGHQWLWLHV�DQG�QHWZRUN� ORFDWLRQV�RI� WKH�RWKHUV� LQ� WKH�HQVHPEOH��7KH�=RR.HHSHU
FRQILJXUDWLRQ�ILOH�PXVW�LQFOXGH�D�OLQH�IRU�HDFK�VHUYHU��RI�WKH�IRUP�

server.n=hostname:port:port

7KH�YDOXH�RI�n�LV�UHSODFHG�E\�WKH�VHUYHU�QXPEHU��7KHUH�DUH�WZR�SRUW�VHWWLQJV��WKH�ILUVW
LV�WKH�SRUW�WKDW�IROORZHUV�XVH�WR�FRQQHFW�WR�WKH�OHDGHU��DQG�WKH�VHFRQG�LV�XVHG�IRU�OHDGHU
HOHFWLRQ��+HUH� LV� D� VDPSOH� FRQILJXUDWLRQ� IRU� D� WKUHH�PDFKLQH� UHSOLFDWHG�=RR.HHSHU
HQVHPEOH�

tickTime=2000
dataDir=/disk1/zookeeper
dataLogDir=/disk2/zookeeper
clientPort=2181
initLimit=5
syncLimit=2
server.1=zookeeper1:2888:3888
server.2=zookeeper2:2888:3888
server.3=zookeeper3:2888:3888

6HUYHUV�OLVWHQ�RQ�WKUHH�SRUWV�������IRU�FOLHQW�FRQQHFWLRQV�������IRU�IROORZHU�FRQQHFWLRQV�
LI�WKH\�DUH�WKH�OHDGHU��DQG������IRU�RWKHU�VHUYHU�FRQQHFWLRQV�GXULQJ�WKH�OHDGHU�HOHFWLRQ
SKDVH��:KHQ�D�=RR.HHSHU�VHUYHU�VWDUWV�XS��LW�UHDGV�WKH�P\LG�ILOH�WR�GHWHUPLQH�ZKLFK
VHUYHU�LW�LV��DQG�WKHQ�UHDGV�WKH�FRQILJXUDWLRQ�ILOH�WR�GHWHUPLQH�WKH�SRUWV�LW�VKRXOG�OLVWHQ
RQ�DQG�WR�GLVFRYHU�WKH�QHWZRUN�DGGUHVVHV�RI�WKH�RWKHU�VHUYHUV�LQ�WKH�HQVHPEOH�

&OLHQWV� FRQQHFWLQJ� WR� WKLV� =RR.HHSHU� HQVHPEOH� VKRXOG� XVH� zookeeper1:2181,zoo
keeper2:2181,zookeeper3:2181�DV�WKH�KRVW�VWULQJ�LQ�WKH�FRQVWUXFWRU�IRU�WKH�ZooKeeper
REMHFW�

,Q� UHSOLFDWHG� PRGH�� WKHUH� DUH� WZR� H[WUD� PDQGDWRU\� SURSHUWLHV�� initLimit� DQG�
syncLimit��ERWK�PHDVXUHG�LQ�PXOWLSOHV�RI�tickTime�

initLimit�LV�WKH�DPRXQW�RI�WLPH�WR�DOORZ�IRU�IROORZHUV�WR�FRQQHFW�WR�DQG�V\QF�ZLWK�WKH
OHDGHU��,I�D�PDMRULW\�RI�IROORZHUV�IDLO�WR�V\QF�ZLWKLQ�WKLV�SHULRG��WKH�OHDGHU�UHQRXQFHV�LWV
OHDGHUVKLS�VWDWXV�DQG�DQRWKHU�OHDGHU�HOHFWLRQ�WDNHV�SODFH��,I�WKLV�KDSSHQV�RIWHQ��DQG�\RX
FDQ�GLVFRYHU�LI�WKLV�LV�WKH�FDVH�EHFDXVH�LW�LV�ORJJHG���LW�LV�D�VLJQ�WKDW�WKH�VHWWLQJ�LV�WRR�ORZ�

syncLimit�LV�WKH�DPRXQW�RI�WLPH�WR�DOORZ�D�IROORZHU�WR�V\QF�ZLWK�WKH�OHDGHU��,I�D�IROORZHU
IDLOV�WR�V\QF�ZLWKLQ�WKLV�SHULRG��LW�ZLOO�UHVWDUW�LWVHOI��&OLHQWV�WKDW�ZHUH�DWWDFKHG�WR�WKLV
IROORZHU�ZLOO�FRQQHFW�WR�DQRWKHU�RQH�
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7KHVH�DUH�WKH�PLQLPXP�VHWWLQJV�QHHGHG�WR�JHW�XS�DQG�UXQQLQJ�ZLWK�D�FOXVWHU�RI�=RR�
.HHSHU�VHUYHUV��7KHUH�DUH��KRZHYHU��PRUH�FRQILJXUDWLRQ�RSWLRQV��SDUWLFXODUO\�IRU�WXQLQJ
SHUIRUPDQFH��ZKLFK�DUH�GRFXPHQWHG�LQ�WKH�=RR.HHSHU�$GPLQLVWUDWRU¦V�*XLGH�
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CHAPTER 15

Sqoop

$DURQ�.LPEDOO

$�JUHDW� VWUHQJWK�RI� WKH�+DGRRS�SODWIRUP� LV� LWV� DELOLW\� WR�ZRUN�ZLWK�GDWD� LQ� VHYHUDO
GLIIHUHQW�IRUPV��+')6�FDQ�UHOLDEO\�VWRUH�ORJV�DQG�RWKHU�GDWD�IURP�D�SOHWKRUD�RI�VRXUFHV�
DQG�0DS5HGXFH�SURJUDPV�FDQ�SDUVH�GLYHUVH�DG�KRF�GDWD�IRUPDWV��H[WUDFWLQJ�UHOHYDQW
LQIRUPDWLRQ�DQG�FRPELQLQJ�PXOWLSOH�GDWDVHWV�LQWR�SRZHUIXO�UHVXOWV�

%XW�WR�LQWHUDFW�ZLWK�GDWD�LQ�VWRUDJH�UHSRVLWRULHV�RXWVLGH�RI�+')6��0DS5HGXFH�SURJUDPV
QHHG�WR�XVH�H[WHUQDO�$3,V�WR�JHW�WR�WKLV�GDWD��2IWHQ��YDOXDEOH�GDWD�LQ�DQ�RUJDQL]DWLRQ�LV
VWRUHG�LQ�VWUXFWXUHG�GDWD�VWRUHV�VXFK�DV�UHODWLRQDO�GDWDEDVH�V\VWHPV��5'%06���$SDFKH
6TRRS�LV�DQ�RSHQ�VRXUFH�WRRO�WKDW�DOORZV�XVHUV�WR�H[WUDFW�GDWD�IURP�D�VWUXFWXUHG�GDWD
VWRUH�LQWR�+DGRRS�IRU�IXUWKHU�SURFHVVLQJ��7KLV�SURFHVVLQJ�FDQ�EH�GRQH�ZLWK�0DS5HGXFH
SURJUDPV�RU�RWKHU�KLJKHU�OHYHO�WRROV�VXFK�DV�+LYH���,W¦V�HYHQ�SRVVLEOH�WR�XVH�6TRRS�WR
PRYH�GDWD�IURP�D�GDWDEDVH�LQWR�+%DVH���:KHQ�WKH�ILQDO�UHVXOWV�RI�DQ�DQDO\WLF�SLSHOLQH
DUH�DYDLODEOH��6TRRS�FDQ�H[SRUW�WKHVH�UHVXOWV�EDFN�WR�WKH�GDWD�VWRUH�IRU�FRQVXPSWLRQ�E\
RWKHU�FOLHQWV�

,Q�WKLV�FKDSWHU��ZH¦OO�WDNH�D�ORRN�DW�KRZ�6TRRS�ZRUNV�DQG�KRZ�\RX�FDQ�XVH�LW�LQ�\RXU
GDWD�SURFHVVLQJ�SLSHOLQH�

Getting Sqoop
6TRRS� LV� DYDLODEOH� LQ�D� IHZ�SODFHV��7KH�SULPDU\�KRPH�RI� WKH�SURMHFW� LV�KWWS���VTRRS
�DSDFKH�RUJ���7KLV�UHSRVLWRU\�FRQWDLQV�DOO�WKH�6TRRS�VRXUFH�FRGH�DQG�GRFXPHQWDWLRQ�
2IILFLDO� UHOHDVHV�DUH�DYDLODEOH�DW� WKLV� VLWH��DV�ZHOO�DV� WKH�VRXUFH�FRGH� IRU� WKH�YHUVLRQ
FXUUHQWO\�XQGHU�GHYHORSPHQW��7KH�UHSRVLWRU\�LWVHOI�FRQWDLQV�LQVWUXFWLRQV�IRU�FRPSLOLQJ
WKH�SURMHFW��$OWHUQDWLYHO\��&ORXGHUD¦V�'LVWULEXWLRQ�,QFOXGLQJ�$SDFKH�+DGRRS��&'+�
FRQWDLQV�DQ�LQVWDOODWLRQ�SDFNDJH�IRU�6TRRS�DORQJVLGH�FRPSDWLEOH�HGLWLRQV�RI�+DGRRS
DQG�RWKHU�WRROV�VXFK�DV�+LYH�

,I�\RX�GRZQORDG�D�UHOHDVH�IURP�$SDFKH��LW�ZLOO�EH�SODFHG�LQ�D�GLUHFWRU\�VXFK�DV��KRPH�
\RXUQDPH�VTRRS�x.y.z���:H¦OO�FDOO�WKLV�GLUHFWRU\�$SQOOP_HOME��<RX�FDQ�UXQ�6TRRS�E\
UXQQLQJ�WKH�H[HFXWDEOH�VFULSW�$SQOOP_HOME/bin/sqoop�
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,I�\RX¦YH�LQVWDOOHG�D�UHOHDVH�IURP�&ORXGHUD��WKH�SDFNDJH�ZLOO�KDYH�SODFHG�6TRRS¦V�VFULSWV
LQ�D�VWDQGDUG�ORFDWLRQV�VXFK�DV��XVU�ELQ�VTRRS��<RX�FDQ�UXQ�6TRRS�E\�VLPSO\�W\SLQJ
sqoop�DW�WKH�FRPPDQG�OLQH���5HJDUGOHVV�RI�KRZ�\RX�LQVWDOO�6TRRS��ZH¦OO�UHIHU�WR�WKLV
VFULSW�DV�MXVW�sqoop�IURP�KHUH�RQ��

5XQQLQJ�6TRRS�ZLWK�QR�DUJXPHQWV�GRHV�QRW�GR�PXFK�RI�LQWHUHVW�

% sqoop
Try sqoop help for usage.

6TRRS�LV�RUJDQL]HG�DV�D�VHW�RI�WRROV�RU�FRPPDQGV��:LWKRXW�VHOHFWLQJ�D�WRRO��6TRRS�GRHV
QRW�NQRZ�ZKDW�WR�GR��help� LV�WKH�QDPH�RI�RQH�VXFK�WRRO��LW�FDQ�SULQW�RXW�WKH�OLVW�RI
DYDLODEOH�WRROV��OLNH�WKLV�

% sqoop help
usage: sqoop COMMAND [ARGS]

Available commands:
  codegen            Generate code to interact with database records
  create-hive-table  Import a table definition into Hive
  eval               Evaluate a SQL statement and display the results
  export             Export an HDFS directory to a database table
  help               List available commands
  import             Import a table from a database to HDFS
  import-all-tables  Import tables from a database to HDFS
  job                Work with saved jobs
  list-databases     List available databases on a server
  list-tables        List available tables in a database
  merge              Merge results of incremental imports
  metastore          Run a standalone Sqoop metastore
  version            Display version information

See 'sqoop help COMMAND' for information on a specific command.

$V�LW�H[SODLQV��WKH�help�WRRO�FDQ�DOVR�SURYLGH�VSHFLILF�XVDJH�LQVWUXFWLRQV�RQ�D�SDUWLFXODU
WRRO�ZKHQ�\RX�SURYLGH�WKDW�WRRO¦V�QDPH�DV�DQ�DUJXPHQW�

% sqoop help import
usage: sqoop import [GENERIC-ARGS] [TOOL-ARGS]

Common arguments:
   --connect <jdbc-uri>     Specify JDBC connect string
   --driver <class-name>    Manually specify JDBC driver class to use
   --hadoop-home <dir>      Override $HADOOP_HOME
   --help                   Print usage instructions
-P                          Read password from console
   --password <password>    Set authentication password
   --username <username>    Set authentication username
   --verbose                Print more information while working
...
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$Q�DOWHUQDWH�ZD\�RI�UXQQLQJ�D�6TRRS�WRRO�LV�WR�XVH�D�WRRO�VSHFLILF�VFULSW��7KLV�VFULSW�ZLOO
EH�QDPHG�sqoop-toolname¢IRU�H[DPSOH��sqoop-help��sqoop-import��HWF��7KHVH�FRP�
PDQGV�DUH�LGHQWLFDO�WR�UXQQLQJ�sqoop help�RU�sqoop import�

Sqoop Connectors
6TRRS�KDV�DQ�H[WHQVLRQ�IUDPHZRUN�WKDW�PDNHV�LW�SRVVLEOH�WR�LPSRUW�GDWD�IURP¢DQG
H[SRUW�GDWD�WR¢DQ\�H[WHUQDO�VWRUDJH�V\VWHP�WKDW�KDV�EXON�GDWD�WUDQVIHU�FDSDELOLWLHV��$
6TRRS�FRQQHFWRU�LV�D�PRGXODU�FRPSRQHQW�WKDW�XVHV�WKLV�IUDPHZRUN�WR�HQDEOH�6TRRS
LPSRUWV�DQG�H[SRUWV��6TRRS�VKLSV�ZLWK�FRQQHFWRUV�IRU�ZRUNLQJ�ZLWK�D�UDQJH�RI�SRSXODU
UHODWLRQDO�GDWDEDVHV�� LQFOXGLQJ�0\64/��3RVWJUH64/��2UDFOH��64/�6HUYHU��DQG�'%��
7KHUH�LV�DOVR�D�JHQHULF�-'%&�FRQQHFWRU�IRU�FRQQHFWLQJ�WR�DQ\�GDWDEDVH�WKDW�VXSSRUWV
-DYD¦V�-'%&�SURWRFRO��6TRRS�SURYLGHV�RSWLPL]HG�0\64/�DQG�3RVWJUH64/�FRQQHFWRUV
WKDW�XVH�GDWDEDVH�VSHFLILF�$3,V�WR�SHUIRUP�EXON�WUDQVIHUV�HIILFLHQWO\��WKLV�LV�GLVFXVVHG
PRUH�LQ�£'LUHFW�PRGH�,PSRUWV¤�RQ�SDJH������

$V�ZHOO�DV�WKH�EXLOW�LQ�6TRRS�FRQQHFWRUV��YDULRXV�WKLUG�SDUW\�FRQQHFWRUV�DUH�DYDLODEOH
IRU�GDWD�VWRUHV��UDQJLQJ�IURP�HQWHUSULVH�GDWD�ZDUHKRXVHV��LQFOXGLQJ�1HWH]]D��7HUDGDWD�
DQG�2UDFOH��WR�1R64/�VWRUHV��VXFK�DV�&RXFKEDVH���7KHVH�FRQQHFWRUV�PXVW�EH�GRZQ�
ORDGHG�VHSDUDWHO\�DQG�FDQ�EH�DGGHG�WR�DQ�H[LVWLQJ�6TRRS�LQVWDOODWLRQ�E\�IROORZLQJ�WKH
LQVWUXFWLRQV�WKDW�FRPH�ZLWK�WKH�FRQQHFWRU�

A Sample Import
$IWHU�\RX�LQVWDOO�6TRRS��\RX�FDQ�XVH�LW�WR�LPSRUW�GDWD�WR�+DGRRS��)RU�WKH�H[DPSOHV�LQ
WKLV�FKDSWHU�ZH¦OO�XVH�0\64/��ZKLFK�LV�HDV\�WR�XVH�DQG�DYDLODEOH�IRU�D�ODUJH�QXPEHU�RI
SODWIRUPV�

7R�LQVWDOO�DQG�FRQILJXUH�0\64/��IROORZ�WKH�GRFXPHQWDWLRQ�DW�KWWS���GHY�P\VTO�FRP�
GRF�UHIPDQ�����HQ��� &KDSWHU� �� �£,QVWDOOLQJ� DQG� 8SJUDGLQJ� 0\64/¤�� LQ� SDUWLFXODU
VKRXOG�KHOS��8VHUV�RI�'HELDQ�EDVHG�/LQX[�V\VWHPV��H�J���8EXQWX��FDQ�W\SH�sudo apt-
get install mysql-client mysql-server�� 5HG+DW� XVHUV� FDQ� W\SH� sudo yum install
mysql mysql-server�

1RZ�WKDW�0\64/�LV�LQVWDOOHG��OHW¦V�ORJ�LQ�DQG�FUHDWH�D�GDWDEDVH��([DPSOH�������

([DPSOH�������&UHDWLQJ�D�QHZ�0\64/�GDWDEDVH�VFKHPD

% mysql -u root -p
Enter password:
Welcome to the MySQL monitor.  Commands end with ; or \g.
Your MySQL connection id is 349
Server version: 5.1.37-1ubuntu5.4 (Ubuntu)

Type 'help;' or '\h' for help. Type '\c' to clear the current input
statement.
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mysql> CREATE DATABASE hadoopguide;
Query OK, 1 row affected (0.02 sec)

mysql> GRANT ALL PRIVILEGES ON hadoopguide.* TO '%'@'localhost';
Query OK, 0 rows affected (0.00 sec)

mysql> GRANT ALL PRIVILEGES ON hadoopguide.* TO ''@'localhost';
Query OK, 0 rows affected (0.00 sec)

mysql> quit;
Bye

7KH�SDVVZRUG�SURPSW�VKRZQ�LQ�WKLV�H[DPSOH�DVNV�IRU�\RXU�URRW�XVHU�SDVVZRUG��7KLV
LV�OLNHO\�WKH�VDPH�DV�WKH�SDVVZRUG�IRU�WKH�URRW�VKHOO�ORJLQ��,I�\RX�DUH�UXQQLQJ�8EXQWX
RU�DQRWKHU�YDULDQW�RI�/LQX[�ZKHUH�URRW�FDQQRW�ORJ�LQ�GLUHFWO\��HQWHU�WKH�SDVVZRUG�\RX
SLFNHG�DW�0\64/�LQVWDOODWLRQ�WLPH�

,Q�WKLV�VHVVLRQ��ZH�FUHDWHG�D�QHZ�GDWDEDVH�VFKHPD�FDOOHG�hadoopguide��ZKLFK�ZH¦OO�XVH
WKURXJKRXW�WKLV�FKDSWHU��:H�WKHQ�DOORZHG�DQ\�ORFDO�XVHU�WR�YLHZ�DQG�PRGLI\�WKH�FRQ�
WHQWV�RI�WKH�hadoopguide�VFKHPD��DQG�FORVHG�RXU�VHVVLRQ��

1RZ�OHW¦V�ORJ�EDFN�LQWR�WKH�GDWDEDVH��QRW�DV�URRW��EXW�DV�\RXUVHOI�WKLV�WLPH��DQG�FUHDWH
D�WDEOH�WR�LPSRUW�LQWR�+')6��([DPSOH�������

([DPSOH�������3RSXODWLQJ�WKH�GDWDEDVH

% mysql hadoopguide
Welcome to the MySQL monitor.  Commands end with ; or \g.
Your MySQL connection id is 352
Server version: 5.1.37-1ubuntu5.4 (Ubuntu)

Type 'help;' or '\h' for help. Type '\c' to clear the current input statement.

mysql> CREATE TABLE widgets(id INT NOT NULL PRIMARY KEY AUTO_INCREMENT,
    -> widget_name VARCHAR(64) NOT NULL,
    -> price DECIMAL(10,2),
    -> design_date DATE,
    -> version INT,
    -> design_comment VARCHAR(100));
Query OK, 0 rows affected (0.00 sec)

mysql> INSERT INTO widgets VALUES (NULL, 'sprocket', 0.25, '2010-02-10',
    -> 1, 'Connects two gizmos');
Query OK, 1 row affected (0.00 sec)

mysql> INSERT INTO widgets VALUES (NULL, 'gizmo', 4.00, '2009-11-30', 4,
    -> NULL);

�� 2I�FRXUVH��LQ�D�SURGXFWLRQ�GHSOR\PHQW��ZH¦G�QHHG�WR�EH�PXFK�PRUH�FDUHIXO�DERXW�DFFHVV�FRQWURO��EXW
WKLV�VHUYHV�IRU�GHPRQVWUDWLRQ�SXUSRVHV��7KH�JUDQW�SULYLOHJH�VKRZQ�LQ�WKH�H[DPSOH�DOVR�DVVXPHV�\RX¦UH
UXQQLQJ�D�SVHXGR�GLVWULEXWHG�+DGRRS�LQVWDQFH��,I�\RX¦UH�ZRUNLQJ�ZLWK�D�GLVWULEXWHG�+DGRRS�FOXVWHU�
\RX¦G�QHHG�WR�HQDEOH�UHPRWH�DFFHVV�E\�DW�OHDVW�RQH�XVHU��ZKRVH�DFFRXQW�ZRXOG�EH�XVHG�WR�SHUIRUP�LPSRUWV
DQG�H[SRUWV�YLD�6TRRS�
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Query OK, 1 row affected (0.00 sec)

mysql> INSERT INTO widgets VALUES (NULL, 'gadget', 99.99, '1983-08-13',
    -> 13, 'Our flagship product'); 
Query OK, 1 row affected (0.00 sec)

mysql> quit;

,Q�WKLV�OLVWLQJ��ZH�FUHDWHG�D�QHZ�WDEOH�FDOOHG�widgets��:H¦OO�EH�XVLQJ�WKLV�ILFWLRQDO�SURGXFW
GDWDEDVH�LQ�IXUWKHU�H[DPSOHV�LQ�WKLV�FKDSWHU��7KH�widgets�WDEOH�FRQWDLQV�VHYHUDO�ILHOGV
UHSUHVHQWLQJ�D�YDULHW\�RI�GDWD�W\SHV�

1RZ�OHW¦V�XVH�6TRRS�WR�LPSRUW�WKLV�WDEOH�LQWR�+')6�

% sqoop import --connect jdbc:mysql://localhost/hadoopguide \
> --table widgets -m 1
10/06/23 14:44:18 INFO tool.CodeGenTool: Beginning code generation
...
10/06/23 14:44:20 INFO mapred.JobClient: Running job: job_201006231439_0002
10/06/23 14:44:21 INFO mapred.JobClient:  map 0% reduce 0%
10/06/23 14:44:32 INFO mapred.JobClient:  map 100% reduce 0%
10/06/23 14:44:34 INFO mapred.JobClient: Job complete:
job_201006231439_0002
...
10/06/23 14:44:34 INFO mapreduce.ImportJobBase: Retrieved 3 records.

6TRRS¦V�import�WRRO�ZLOO�UXQ�D�0DS5HGXFH�MRE�WKDW�FRQQHFWV�WR�WKH�0\64/�GDWDEDVH
DQG�UHDGV�WKH�WDEOH��%\�GHIDXOW��WKLV�ZLOO�XVH�IRXU�PDS�WDVNV�LQ�SDUDOOHO�WR�VSHHG�XS�WKH
LPSRUW�SURFHVV��(DFK�WDVN�ZLOO�ZULWH�LWV�LPSRUWHG�UHVXOWV�WR�D�GLIIHUHQW�ILOH��EXW�DOO�LQ�D
FRPPRQ�GLUHFWRU\��%HFDXVH�ZH�NQHZ�WKDW�ZH�KDG�RQO\�WKUHH�URZV�WR�LPSRUW�LQ�WKLV
H[DPSOH��ZH�VSHFLILHG�WKDW�6TRRS�VKRXOG�XVH�D�VLQJOH�PDS�WDVN��-m 1��VR�ZH�JHW�D�VLQJOH
ILOH�LQ�+')6�

:H�FDQ�LQVSHFW�WKLV�ILOH¦V�FRQWHQWV�OLNH�VR�

% hadoop fs -cat widgets/part-m-00000
1,sprocket,0.25,2010-02-10,1,Connects two gizmos
2,gizmo,4.00,2009-11-30,4,null
3,gadget,99.99,1983-08-13,13,Our flagship product

7KH�FRQQHFW� VWULQJ� �MGEF�P\VTO���ORFDOKRVW�KDGRRSJXLGH�� VKRZQ� LQ� WKH
H[DPSOH�ZLOO�UHDG�IURP�D�GDWDEDVH�RQ�WKH�ORFDO�PDFKLQH��,I�D�GLVWULEXWHG
+DGRRS�FOXVWHU�LV�EHLQJ�XVHG��localhost�VKRXOG�QRW�EH�VSHFLILHG�LQ�WKH
FRQQHFW�VWULQJ��EHFDXVH�PDS�WDVNV�QRW�UXQQLQJ�RQ�WKH�VDPH�PDFKLQH�DV
WKH�GDWDEDVH�ZLOO�IDLO�WR�FRQQHFW��(YHQ�LI�6TRRS�LV�UXQ�IURP�WKH�VDPH
KRVW�DV�WKH�GDWDEDVH�VHYHU��WKH�IXOO�KRVWQDPH�VKRXOG�EH�VSHFLILHG�

%\�GHIDXOW��6TRRS�ZLOO�JHQHUDWH�FRPPD�GHOLPLWHG�WH[W�ILOHV�IRU�RXU�LPSRUWHG�GDWD��'H�
OLPLWHUV�FDQ�EH�VSHFLILHG�H[SOLFLWO\��DV�ZHOO�DV�ILHOG�HQFORVLQJ�DQG�HVFDSH�FKDUDFWHUV��WR
DOORZ�WKH�SUHVHQFH�RI�GHOLPLWHUV�LQ�WKH�ILHOG�FRQWHQWV��7KH�FRPPDQG�OLQH�DUJXPHQWV
WKDW� VSHFLI\� GHOLPLWHU� FKDUDFWHUV�� ILOH� IRUPDWV�� FRPSUHVVLRQ�� DQG�PRUH� ILQH�JUDLQHG
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FRQWURO�RI�WKH�LPSRUW�SURFHVV�DUH�GHVFULEHG�LQ�WKH�6TRRS�8VHU�*XLGH�GLVWULEXWHG�ZLWK
6TRRS���DV�ZHOO�DV�LQ�WKH�RQOLQH�KHOS��sqoop help import��RU�man sqoop-import�LQ�&'+��

Text and Binary File Formats
6TRRS�LV�FDSDEOH�RI�LPSRUWLQJ�LQWR�D�IHZ�GLIIHUHQW�ILOH�IRUPDWV��7H[W�ILOHV��WKH�GHIDXOW�
RIIHU�D�KXPDQ�UHDGDEOH�UHSUHVHQWDWLRQ�RI�GDWD��SODWIRUP�LQGHSHQGHQFH��DQG�WKH�VLP�
SOHVW�VWUXFWXUH��+RZHYHU��WKH\�FDQQRW�KROG�ELQDU\�ILHOGV��VXFK�DV�GDWDEDVH�FROXPQV�RI
W\SH�VARBINARY��DQG�GLVWLQJXLVKLQJ�EHWZHHQ�null�YDOXHV�DQG�6WULQJ�EDVHG�ILHOGV�FRQ�
WDLQLQJ�WKH�YDOXH�"null"�FDQ�EH�SUREOHPDWLF��DOWKRXJK�XVLQJ�WKH�--null-string�LPSRUW
RSWLRQ�DOORZV�\RX�WR�FRQWURO�WKH�UHSUHVHQWDWLRQ�RI�QXOO�YDOXHV��

7R�KDQGOH�WKHVH�FRQGLWLRQV��\RX�FDQ�HLWKHU�XVH�6TRRS¦V�6HTXHQFH)LOH�EDVHG�IRUPDW�RU
LWV�$YUR�EDVHG�IRUPDW��%RWK�$YUR�GDWDILOHV�DQG�6HTXHQFH)LOHV�SURYLGH�WKH�PRVW�SUHFLVH
UHSUHVHQWDWLRQ�SRVVLEOH�RI�WKH�LPSRUWHG�GDWD��7KH\�DOVR�DOORZ�GDWD�WR�EH�FRPSUHVVHG
ZKLOH�UHWDLQLQJ�0DS5HGXFH¦V�DELOLW\�WR�SURFHVV�GLIIHUHQW�VHFWLRQV�RI�WKH�VDPH�ILOH� LQ
SDUDOOHO��+RZHYHU��FXUUHQW�YHUVLRQV�RI�6TRRS�FDQQRW�ORDG�HLWKHU�$YUR�RU�6HTXHQFH)LOHV
LQWR�+LYH��DOWKRXJK�\RX�FDQ�ORDG�$YUR�GDWDILOHV�LQWR�+LYH�PDQXDOO\���$�ILQDO�GLVDGYDQ�
WDJH�RI�6HTXHQFH)LOHV�LV�WKDW�WKH\�DUH�-DYD�VSHFLILF��ZKHUHDV�$YUR�GDWDILOHV�FDQ�EH�SUR�
FHVVHG�E\�D�ZLGH�UDQJH�RI�ODQJXDJHV�

Generated Code
,Q�DGGLWLRQ� WR�ZULWLQJ� WKH� FRQWHQWV�RI� WKH�GDWDEDVH� WDEOH� WR�+')6��6TRRS�KDV�DOVR
SURYLGHG�\RX�ZLWK�D�JHQHUDWHG�-DYD�VRXUFH�ILOH��ZLGJHWV�MDYD��ZULWWHQ�WR�WKH�FXUUHQW�ORFDO
GLUHFWRU\���$IWHU�UXQQLQJ�WKH�sqoop import�FRPPDQG�VKRZQ�HDUOLHU��\RX�FDQ�VHH�WKLV
ILOH�E\�UXQQLQJ�ls widgets.java��

$V�\RX¦OO�OHDUQ�LQ�£,PSRUWV��$�'HHSHU�/RRN¤�RQ�SDJH������6TRRS�FDQ�XVH�JHQHUDWHG
FRGH�WR�KDQGOH�WKH�GHVHULDOL]DWLRQ�RI�WDEOH�VSHFLILF�GDWD�IURP�WKH�GDWDEDVH�VRXUFH�EHIRUH
ZULWLQJ�LW�WR�+')6�

7KH�JHQHUDWHG�FODVV��widgets��LV�FDSDEOH�RI�KROGLQJ�D�VLQJOH�UHFRUG�UHWULHYHG�IURP�WKH
LPSRUWHG�WDEOH��,W�FDQ�PDQLSXODWH�VXFK�D�UHFRUG�LQ�0DS5HGXFH�RU�VWRUH�LW�LQ�D�6HTXHQ�
FH)LOH�LQ�+')6���6HTXHQFH)LOHV�ZULWWHQ�E\�6TRRS�GXULQJ�WKH�LPSRUW�SURFHVV�ZLOO�VWRUH
HDFK�LPSRUWHG�URZ�LQ�WKH�£YDOXH¤�HOHPHQW�RI�WKH�6HTXHQFH)LOH¦V�NH\�YDOXH�SDLU�IRUPDW�
XVLQJ�WKH�JHQHUDWHG�FODVV��

,W�LV�OLNHO\�WKDW�\RX�GRQ¦W�ZDQW�WR�QDPH�\RXU�JHQHUDWHG�FODVV�widgets�VLQFH�HDFK�LQVWDQFH
RI�WKH�FODVV�UHIHUV�WR�RQO\�D�VLQJOH�UHFRUG��:H�FDQ�XVH�D�GLIIHUHQW�6TRRS�WRRO�WR�JHQHUDWH
VRXUFH�FRGH�ZLWKRXW�SHUIRUPLQJ�DQ�LPSRUW��WKLV�JHQHUDWHG�FRGH�ZLOO�VWLOO�H[DPLQH�WKH
GDWDEDVH�WDEOH�WR�GHWHUPLQH�WKH�DSSURSULDWH�GDWD�W\SHV�IRU�HDFK�ILHOG�

�� $YDLODEOH�IURP�WKH�ZHEVLWH�DW�KWWS���VTRRS�DSDFKH�RUJ��
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% sqoop codegen --connect jdbc:mysql://localhost/hadoopguide \
> --table widgets --class-name Widget

7KH�codegen�WRRO�VLPSO\�JHQHUDWHV�FRGH��LW�GRHV�QRW�SHUIRUP�WKH�IXOO�LPSRUW��:H�VSHFL�
ILHG� WKDW� ZH¦G� OLNH� LW� WR� JHQHUDWH� D� FODVV� QDPHG� Widget�� WKLV� ZLOO� EH� ZULWWHQ� WR
:LGJHW�MDYD��:H�DOVR�FRXOG�KDYH�VSHFLILHG�--class-name�DQG�RWKHU�FRGH�JHQHUDWLRQ�DU�
JXPHQWV�GXULQJ� WKH� LPSRUW�SURFHVV�ZH�SHUIRUPHG�HDUOLHU��7KLV� WRRO� FDQ�EH�XVHG� WR
UHJHQHUDWH�FRGH�LI�\RX�DFFLGHQWDOO\�UHPRYH�WKH�VRXUFH�ILOH��RU�JHQHUDWH�FRGH�ZLWK�GLI�
IHUHQW�VHWWLQJV�WKDQ�ZHUH�XVHG�GXULQJ�WKH�LPSRUW�

,I�\RX¦UH�ZRUNLQJ�ZLWK�UHFRUGV�LPSRUWHG�WR�6HTXHQFH)LOHV��LW�LV�LQHYLWDEOH�WKDW�\RX¦OO
QHHG�WR�XVH�WKH�JHQHUDWHG�FODVVHV��WR�GHVHULDOL]H�GDWD�IURP�WKH�6HTXHQFH)LOH�VWRUDJH��
<RX�FDQ�ZRUN�ZLWK�WH[W�ILOH�EDVHG�UHFRUGV�ZLWKRXW�XVLQJ�JHQHUDWHG�FRGH��EXW�DV�ZH¦OO
VHH�LQ�£:RUNLQJ�ZLWK�,PSRUWHG�'DWD¤�RQ�SDJH������6TRRS¦V�JHQHUDWHG�FRGH�FDQ�KDQ�
GOH�VRPH�WHGLRXV�DVSHFWV�RI�GDWD�SURFHVVLQJ�IRU�\RX�

Additional Serialization Systems
5HFHQW�YHUVLRQV�RI�6TRRS�VXSSRUW�$YUR�EDVHG�VHULDOL]DWLRQ�DQG�VFKHPD�JHQHUDWLRQ�DV
ZHOO� �VHH�£$YUR¤�RQ�SDJH������� DOORZLQJ�\RX� WR�XVH�6TRRS� LQ�\RXU�SURMHFW�ZLWKRXW
LQWHJUDWLQJ�ZLWK�JHQHUDWHG�FRGH�

Imports: A Deeper Look
$V�PHQWLRQHG�HDUOLHU��6TRRS�LPSRUWV�D�WDEOH�IURP�D�GDWDEDVH�E\�UXQQLQJ�D�0DS5HGXFH
MRE�WKDW�H[WUDFWV�URZV�IURP�WKH�WDEOH��DQG�ZULWHV�WKH�UHFRUGV�WR�+')6��+RZ�GRHV�0DS�
5HGXFH�UHDG�WKH�URZV"�7KLV�VHFWLRQ�H[SODLQV�KRZ�6TRRS�ZRUNV�XQGHU�WKH�KRRG�

$W�D�KLJK�OHYHO��)LJXUH������GHPRQVWUDWHV�KRZ�6TRRS�LQWHUDFWV�ZLWK�ERWK�WKH�GDWDEDVH
VRXUFH�DQG�+DGRRS��/LNH�+DGRRS�LWVHOI��6TRRS�LV�ZULWWHQ�LQ�-DYD��-DYD�SURYLGHV�DQ�$3,
FDOOHG�-DYD�'DWDEDVH�&RQQHFWLYLW\��RU�-'%&��WKDW�DOORZV�DSSOLFDWLRQV�WR�DFFHVV�GDWD
VWRUHG�LQ�DQ�5'%06�DV�ZHOO�DV�LQVSHFW�WKH�QDWXUH�RI�WKLV�GDWD��0RVW�GDWDEDVH�YHQGRUV
SURYLGH�D�-'%&�GULYHU�WKDW�LPSOHPHQWV�WKH�-'%&�$3,�DQG�FRQWDLQV�WKH�QHFHVVDU\�FRGH
WR�FRQQHFW�WR�WKHLU�GDWDEDVH�VHUYHU�

%DVHG�RQ�WKH�85/�LQ�WKH�FRQQHFW�VWULQJ�XVHG�WR�DFFHVV�WKH�GDWDEDVH�
6TRRS�DWWHPSWV�WR�SUHGLFW�ZKLFK�GULYHU�LW�VKRXOG�ORDG��<RX�PD\�VWLOO
QHHG�WR�GRZQORDG�WKH�-'%&�GULYHU�LWVHOI�DQG�LQVWDOO�LW�RQ�\RXU�6TRRS
FOLHQW��)RU�FDVHV�ZKHUH�6TRRS�GRHV�QRW�NQRZ�ZKLFK�-'%&�GULYHU�LV�DS�
SURSULDWH��XVHUV�FDQ�VSHFLI\�H[DFWO\�KRZ�WR�ORDG�WKH�-'%&�GULYHU�LQWR
6TRRS��7KLV� FDSDELOLW\� DOORZV� 6TRRS� WR�ZRUN�ZLWK� D�ZLGH� YDULHW\�RI
GDWDEDVH�SODWIRUPV�
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)LJXUH�������6TRRS¦V�LPSRUW�SURFHVV

%HIRUH�WKH�LPSRUW�FDQ�VWDUW��6TRRS�XVHV�-'%&�WR�H[DPLQH�WKH�WDEOH�LW�LV�WR�LPSRUW��,W
UHWULHYHV�D�OLVW�RI�DOO�WKH�FROXPQV�DQG�WKHLU�64/�GDWD�W\SHV��7KHVH�64/�W\SHV��VARCHAR�
INTEGER��DQG�VR�RQ��FDQ�WKHQ�EH�PDSSHG�WR�-DYD�GDWD�W\SHV��String��Integer��HWF����ZKLFK
ZLOO�KROG�WKH�ILHOG�YDOXHV�LQ�0DS5HGXFH�DSSOLFDWLRQV��6TRRS¦V�FRGH�JHQHUDWRU�ZLOO�XVH
WKLV�LQIRUPDWLRQ�WR�FUHDWH�D�WDEOH�VSHFLILF�FODVV�WR�KROG�D�UHFRUG�H[WUDFWHG�IURP�WKH�WDEOH�

7KH�Widget�FODVV�IURP�HDUOLHU��IRU�H[DPSOH��FRQWDLQV�WKH�IROORZLQJ�PHWKRGV�WKDW�UHWULHYH
HDFK�FROXPQ�IURP�DQ�H[WUDFWHG�UHFRUG�

public Integer get_id();
public String get_widget_name();
public java.math.BigDecimal get_price();
public java.sql.Date get_design_date();
public Integer get_version();
public String get_design_comment();

0RUH�FULWLFDO�WR�WKH�LPSRUW�V\VWHP¦V�RSHUDWLRQ��WKRXJK��DUH�WKH�VHULDOL]DWLRQ�PHWKRGV
WKDW�IRUP�WKH�DBWritable�LQWHUIDFH��ZKLFK�DOORZ�WKH�Widget�FODVV�WR�LQWHUDFW�ZLWK�-'%&�

public void readFields(ResultSet __dbResults) throws SQLException;
public void write(PreparedStatement __dbStmt) throws SQLException;

-'%&¦V�ResultSet�LQWHUIDFH�SURYLGHV�D�FXUVRU�WKDW�UHWULHYHV�UHFRUGV�IURP�D�TXHU\��WKH�
readFields()�PHWKRG�KHUH�ZLOO�SRSXODWH�WKH�ILHOGV�RI�WKH�Widget�REMHFW�ZLWK�WKH�FROXPQV
IURP�RQH�URZ�RI�WKH�ResultSet¦V�GDWD��7KH�write()�PHWKRG�VKRZQ�KHUH�DOORZV�6TRRS
WR�LQVHUW�QHZ�Widget�URZV�LQWR�D�WDEOH��D�SURFHVV�FDOOHG�H[SRUWLQJ��([SRUWV�DUH�GLVFXVVHG
LQ�£3HUIRUPLQJ�DQ�([SRUW¤�RQ�SDJH�����
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7KH�0DS5HGXFH�MRE�ODXQFKHG�E\�6TRRS�XVHV�DQ�InputFormat�WKDW�FDQ�UHDG�VHFWLRQV�RI
D�WDEOH�IURP�D�GDWDEDVH�YLD�-'%&��7KH�DataDrivenDBInputFormat�SURYLGHG�ZLWK�+DGRRS
SDUWLWLRQV�D�TXHU\¦V�UHVXOWV�RYHU�VHYHUDO�PDS�WDVNV�

5HDGLQJ�D�WDEOH�LV�W\SLFDOO\�GRQH�ZLWK�D�VLPSOH�TXHU\�VXFK�DV�

SELECT col1,col2,col3,... FROM tableName

%XW�RIWHQ��EHWWHU�LPSRUW�SHUIRUPDQFH�FDQ�EH�JDLQHG�E\�GLYLGLQJ�WKLV�TXHU\�DFURVV�PXO�
WLSOH�QRGHV��7KLV�LV�GRQH�XVLQJ�D�VSOLWWLQJ�FROXPQ��8VLQJ�PHWDGDWD�DERXW�WKH�WDEOH��6TRRS
ZLOO�JXHVV�D�JRRG�FROXPQ�WR�XVH�IRU�VSOLWWLQJ�WKH�WDEOH��W\SLFDOO\�WKH�SULPDU\�NH\�IRU�WKH
WDEOH��LI�RQH�H[LVWV���7KH�PLQLPXP�DQG�PD[LPXP�YDOXHV�IRU�WKH�SULPDU\�NH\�FROXPQ
DUH�UHWULHYHG��DQG�WKHQ�WKHVH�DUH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�D�WDUJHW�QXPEHU�RI�WDVNV�WR
GHWHUPLQH�WKH�TXHULHV�WKDW�HDFK�PDS�WDVN�VKRXOG�LVVXH�

)RU�H[DPSOH��VXSSRVH�WKH�widgets�WDEOH�KDG���������HQWULHV��ZLWK�WKH�id�FROXPQ�FRQ�
WDLQLQJ�YDOXHV���WKURXJK���������:KHQ�LPSRUWLQJ�WKLV�WDEOH��6TRRS�ZRXOG�GHWHUPLQH
WKDW�id�LV�WKH�SULPDU\�NH\�FROXPQ�IRU�WKH�WDEOH��:KHQ�VWDUWLQJ�WKH�0DS5HGXFH�MRE��WKH�
DataDrivenDBInputFormat�XVHG�WR�SHUIRUP�WKH�LPSRUW�ZRXOG�WKHQ�LVVXH�D�VWDWHPHQW�VXFK
DV�SELECT MIN(id), MAX(id) FROM widgets��7KHVH�YDOXHV�ZRXOG�WKHQ�EH�XVHG�WR�LQWHU�
SRODWH�RYHU�WKH�HQWLUH�UDQJH�RI�GDWD��$VVXPLQJ�ZH�VSHFLILHG�WKDW�ILYH�PDS�WDVNV�VKRXOG
UXQ�LQ�SDUDOOHO��ZLWK�-m 5���WKLV�ZRXOG�UHVXOW�LQ�HDFK�PDS�WDVN�H[HFXWLQJ�TXHULHV�VXFK
DV�SELECT id, widget_name, ... FROM widgets WHERE id >= 0 AND id < 20000��SELECT
id, widget_name, ... FROM widgets WHERE id >= 20000 AND id < 40000��DQG�VR�RQ�

7KH�FKRLFH�RI�VSOLWWLQJ�FROXPQ�LV�HVVHQWLDO�WR�SDUDOOHOL]LQJ�ZRUN�HIILFLHQWO\��,I�WKH�id
FROXPQ�ZHUH�QRW�XQLIRUPO\�GLVWULEXWHG��SHUKDSV�WKHUH�DUH�QR�ZLGJHWV�ZLWK�,'V�EHWZHHQ
������� DQG� ��������� WKHQ� VRPH�PDS� WDVNV�PD\�KDYH� OLWWOH� RU� QR�ZRUN� WR� SHUIRUP�
ZKHUHDV�RWKHUV�ZRXOG�KDYH�D�JUHDW�GHDO��8VHUV�FDQ�VSHFLI\�D�SDUWLFXODU�VSOLWWLQJ�FROXPQ
ZKHQ�UXQQLQJ�DQ�LPSRUW� MRE��WR�WXQH�WKH�MRE�WR�WKH�GDWD¦V�DFWXDO�GLVWULEXWLRQ��,I�DQ
LPSRUW�MRE�LV�UXQ�DV�D�VLQJOH��VHTXHQWLDO��WDVN�ZLWK�-m 1��WKLV�VSOLW�SURFHVV�LV�QRW�SHU�
IRUPHG�

$IWHU�JHQHUDWLQJ�WKH�GHVHULDOL]DWLRQ�FRGH�DQG�FRQILJXULQJ�WKH�InputFormat��6TRRS�VHQGV
WKH�MRE�WR�WKH�0DS5HGXFH�FOXVWHU��0DS�WDVNV�H[HFXWH�WKH�TXHULHV�DQG�GHVHULDOL]H�URZV
IURP�WKH�ResultSet�LQWR�LQVWDQFHV�RI�WKH�JHQHUDWHG�FODVV��ZKLFK�DUH�HLWKHU�VWRUHG�GLUHFWO\
LQ�6HTXHQFH)LOHV�RU�WUDQVIRUPHG�LQWR�GHOLPLWHG�WH[W�EHIRUH�EHLQJ�ZULWWHQ�WR�+')6�

Controlling the Import
6TRRS�GRHV�QRW�QHHG�WR�LPSRUW�DQ�HQWLUH�WDEOH�DW�D�WLPH��)RU�H[DPSOH��D�VXEVHW�RI�WKH
WDEOH¦V�FROXPQV�FDQ�EH�VSHFLILHG�IRU�LPSRUW��8VHUV�FDQ�DOVR�VSHFLI\�D�WHERE�FODXVH�WR
LQFOXGH�LQ�TXHULHV��ZKLFK�ERXQG�WKH�URZV�RI�WKH�WDEOH�WR�LPSRUW��)RU�H[DPSOH��LI�ZLGJHWV
�� WKURXJK� ������� ZHUH� LPSRUWHG� ODVW� PRQWK�� EXW� WKLV� PRQWK� RXU� YHQGRU� FDWDORJ
LQFOXGHG�������QHZ�W\SHV�RI�ZLGJHW��DQ�LPSRUW�FRXOG�EH�FRQILJXUHG�ZLWK�WKH�FODXVH
WHERE id >= 100000��WKLV�ZLOO�VWDUW�DQ�LPSRUW�MRE�WR�UHWULHYH�DOO�WKH�QHZ�URZV�DGGHG�WR
WKH� VRXUFH�GDWDEDVH� VLQFH� WKH�SUHYLRXV� LPSRUW� UXQ��8VHU�VXSSOLHG�WHERE� FODXVHV�DUH
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DSSOLHG�EHIRUH�WDVN�VSOLWWLQJ�LV�SHUIRUPHG��DQG�DUH�SXVKHG�GRZQ�LQWR�WKH�TXHULHV�H[H�
FXWHG�E\�HDFK�WDVN�

Imports and Consistency
:KHQ�LPSRUWLQJ�GDWD�WR�+')6��LW�LV�LPSRUWDQW�WKDW�\RX�HQVXUH�DFFHVV�WR�D�FRQVLVWHQW
VQDSVKRW�RI�WKH�VRXUFH�GDWD��0DS�WDVNV�UHDGLQJ�IURP�D�GDWDEDVH�LQ�SDUDOOHO�DUH�UXQQLQJ
LQ�VHSDUDWH�SURFHVVHV��7KXV��WKH\�FDQQRW�VKDUH�D�VLQJOH�GDWDEDVH�WUDQVDFWLRQ��7KH�EHVW
ZD\�WR�GR�WKLV�LV�WR�HQVXUH�WKDW�DQ\�SURFHVVHV�WKDW�XSGDWH�H[LVWLQJ�URZV�RI�D�WDEOH�DUH
GLVDEOHG�GXULQJ�WKH�LPSRUW�

Direct-mode Imports
6TRRS¦V�DUFKLWHFWXUH�DOORZV�LW�WR�FKRRVH�IURP�PXOWLSOH�DYDLODEOH�VWUDWHJLHV�IRU�SHUIRUP�
LQJ�DQ�LPSRUW��0RVW�GDWDEDVHV�ZLOO�XVH�WKH�DataDrivenDBInputFormat�EDVHG�DSSURDFK
GHVFULEHG�HDUOLHU��6RPH�GDWDEDVHV�RIIHU�VSHFLILF�WRROV�GHVLJQHG�WR�H[WUDFW�GDWD�TXLFNO\�
)RU� H[DPSOH�� 0\64/¦V� mysqldump� DSSOLFDWLRQ� FDQ� UHDG� IURP� D� WDEOH� ZLWK� JUHDWHU
WKURXJKSXW�WKDQ�D�-'%&�FKDQQHO��7KH�XVH�RI�WKHVH�H[WHUQDO�WRROV�LV�UHIHUUHG�WR�DV�GLUHFW
PRGH�LQ�6TRRS¦V�GRFXPHQWDWLRQ��'LUHFW�PRGH�PXVW�EH�VSHFLILFDOO\�HQDEOHG�E\�WKH�XVHU
�YLD�WKH�--direct�DUJXPHQW���DV�LW�LV�QRW�DV�JHQHUDO�SXUSRVH�DV�WKH�-'%&�DSSURDFK���)RU
H[DPSOH��0\64/¦V�GLUHFW�PRGH�FDQQRW�KDQGOH�ODUJH�REMHFWV��VXFK�DV�CLOB�RU�BLOB�FRO�
XPQV��EHFDXVH�6TRRS�QHHGV�WR�XVH�D�-'%&�VSHFLILF�$3,�WR� ORDG�WKHVH�FROXPQV� LQWR
+')6��

)RU�GDWDEDVHV�WKDW�SURYLGH�VXFK�WRROV��6TRRS�FDQ�XVH�WKHVH�WR�JUHDW�HIIHFW��$�GLUHFW�
PRGH�LPSRUW�IURP�0\64/�LV�XVXDOO\�PXFK�PRUH�HIILFLHQW��LQ�WHUPV�RI�PDS�WDVNV�DQG
WLPH�UHTXLUHG��WKDQ�D�FRPSDUDEOH�-'%&�EDVHG�LPSRUW��6TRRS�ZLOO�VWLOO�ODXQFK�PXOWLSOH
PDS�WDVNV�LQ�SDUDOOHO��7KHVH�WDVNV�ZLOO�WKHQ�VSDZQ�LQVWDQFHV�RI�WKH�mysqldump�SURJUDP
DQG� UHDG� LWV� RXWSXW�� 7KH� HIIHFW� LV� VLPLODU� WR� D� GLVWULEXWHG� LPSOHPHQWDWLRQ� RI� mk-
parallel-dump�IURP�WKH�0DDWNLW�WRRO�VHW��6TRRS�FDQ�DOVR�SHUIRUP�GLUHFW�PRGH�LPSRUWV
IURP�3RVWJUH64/�

(YHQ�ZKHQ�GLUHFW�PRGH�LV�XVHG�WR�DFFHVV�WKH�FRQWHQWV�RI�D�GDWDEDVH��WKH�PHWDGDWD�LV
VWLOO�TXHULHG�WKURXJK�-'%&�

Working with Imported Data
2QFH�GDWD�KDV�EHHQ�LPSRUWHG�WR�+')6��LW�LV�QRZ�UHDG\�IRU�SURFHVVLQJ�E\�FXVWRP�0DS�
5HGXFH�SURJUDPV��7H[W�EDVHG�LPSRUWV�FDQ�EH�HDVLO\�XVHG�LQ�VFULSWV�UXQ�ZLWK�+DGRRS
6WUHDPLQJ�RU�LQ�0DS5HGXFH�MREV�UXQ�ZLWK�WKH�GHIDXOW�TextInputFormat�

7R�XVH�LQGLYLGXDO�ILHOGV�RI�DQ�LPSRUWHG�UHFRUG��WKRXJK��WKH�ILHOG�GHOLPLWHUV��DQG�DQ\
HVFDSH�HQFORVLQJ�FKDUDFWHUV��PXVW�EH�SDUVHG�DQG�WKH�ILHOG�YDOXHV�H[WUDFWHG�DQG�FRQ�
YHUWHG�WR�WKH�DSSURSULDWH�GDWD�W\SHV��)RU�H[DPSOH��WKH�,'�RI�WKH�£VSURFNHW¤�ZLGJHW�LV
UHSUHVHQWHG�DV�WKH�VWULQJ�"1"�LQ�WKH�WH[W�ILOH��EXW�VKRXOG�EH�SDUVHG�LQWR�DQ�Integer�RU
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int�YDULDEOH�LQ�-DYD��7KH�JHQHUDWHG�WDEOH�FODVV�SURYLGHG�E\�6TRRS�FDQ�DXWRPDWH�WKLV
SURFHVV�� DOORZLQJ� \RX� WR� IRFXV� RQ� WKH� DFWXDO� 0DS5HGXFH� MRE� WR� UXQ�� (DFK� DXWR�
JHQHUDWHG�FODVV�KDV�VHYHUDO�RYHUORDGHG�PHWKRGV�QDPHG�parse()�WKDW�RSHUDWH�RQ�WKH�GDWD
UHSUHVHQWHG�DV�Text��CharSequence��char[]��RU�RWKHU�FRPPRQ�W\SHV�

7KH�0DS5HGXFH�DSSOLFDWLRQ�FDOOHG�MaxWidgetId��DYDLODEOH�LQ�WKH�H[DPSOH�FRGH��ZLOO
ILQG�WKH�ZLGJHW�ZLWK�WKH�KLJKHVW�,'�

7KH�FODVV�FDQ�EH�FRPSLOHG�LQWR�D�-$5�ILOH�DORQJ�ZLWK�:LGJHW�MDYD��%RWK�+DGRRS��KD�
GRRS�FRUH�version�MDU��DQG�6TRRS��VTRRS�version�MDU��ZLOO�QHHG�WR�EH�RQ�WKH�FODVVSDWK
IRU�FRPSLODWLRQ��7KH�FODVV�ILOHV�FDQ�WKHQ�EH�FRPELQHG�LQWR�D�-$5�ILOH�DQG�H[HFXWHG�OLNH
VR�

% jar cvvf widgets.jar *.class
% HADOOP_CLASSPATH=/usr/lib/sqoop/sqoop-version.jar hadoop jar \
> widgets.jar MaxWidgetId -libjars /usr/lib/sqoop/sqoop-version.jar

7KLV�FRPPDQG�OLQH�HQVXUHV�WKDW�6TRRS�LV�RQ�WKH�FODVVSDWK�ORFDOO\��YLD�$HADOOP_CLASS
PATH��ZKHQ� UXQQLQJ� WKH�MaxWidgetId.run()�PHWKRG��DV�ZHOO� DV�ZKHQ�PDS� WDVNV�DUH
UXQQLQJ�RQ�WKH�FOXVWHU��YLD�WKH�-libjars�DUJXPHQW��

:KHQ�UXQ��WKH�PD[ZLGJHWV�SDWK�LQ�+')6�ZLOO�FRQWDLQ�D�ILOH�QDPHG�SDUW�U�������ZLWK
WKH�IROORZLQJ�H[SHFWHG�UHVXOW�

3,gadget,99.99,1983-08-13,13,Our flagship product

,W� LV� ZRUWK� QRWLQJ� WKDW� LQ� WKLV� H[DPSOH�0DS5HGXFH� SURJUDP�� D� Widget� REMHFW� ZDV
HPLWWHG�IURP�WKH�PDSSHU�WR�WKH�UHGXFHU��WKH�DXWRJHQHUDWHG�Widget�FODVV�LPSOHPHQWV
WKH�Writable� LQWHUIDFH�SURYLGHG�E\�+DGRRS��ZKLFK�DOORZV� WKH�REMHFW� WR�EH� VHQW�YLD
+DGRRS¦V�VHULDOL]DWLRQ�PHFKDQLVP��DV�ZHOO�DV�ZULWWHQ�WR�DQG�UHDG�IURP�6HTXHQFH)LOHV�

7KH�MaxWidgetId�H[DPSOH�LV�EXLOW�RQ�WKH�QHZ�0DS5HGXFH�$3,��0DS5HGXFH�DSSOLFDWLRQV
WKDW�UHO\�RQ�6TRRS�JHQHUDWHG�FRGH�FDQ�EH�EXLOW�RQ�WKH�QHZ�RU�ROG�$3,V��WKRXJK�VRPH
DGYDQFHG�IHDWXUHV��VXFK�DV�ZRUNLQJ�ZLWK�ODUJH�REMHFWV��DUH�PRUH�FRQYHQLHQW�WR�XVH�LQ
WKH�QHZ�$3,�

$YUR�EDVHG� LPSRUWV� FDQ� EH� SURFHVVHG� XVLQJ� WKH� $3,V� GHVFULEHG� LQ� £$YUR�0DS5H�
GXFH¤�RQ�SDJH������:LWK�WKH�JHQHULF�$YUR�PDSSLQJ��WKH�0DS5HGXFH�SURJUDP�GRHV�QRW
QHHG�WR�XVH�VFKHPD�VSHFLILF�JHQHUDWHG�FRGH��DOWKRXJK�WKLV�LV�DQ�RSWLRQ�WRR��E\�XVLQJ
$YUR¦V� VSHFLILF�FRPSLOHU��6TRRS�GRHV�QRW�GR� WKH�FRGH�JHQHUDWLRQ� LQ� WKLV�FDVH���7KH
H[DPSOH� FRGH� LQFOXGHV� D� SURJUDP� FDOOHG� MaxWidgetIdGenericAvro�� ZKLFK� ILQGV� WKH
ZLGJHW�ZLWK�WKH�KLJKHVW�,'�DQG�ZULWHV�RXW�WKH�UHVXOW�LQ�DQ�$YUR�GDWDILOH�

Imported Data and Hive
$V�QRWHG�LQ�&KDSWHU�����IRU�PDQ\�W\SHV�RI�DQDO\VLV��XVLQJ�D�V\VWHP�VXFK�DV�+LYH�WR
KDQGOH� UHODWLRQDO� RSHUDWLRQV� FDQ�GUDPDWLFDOO\� HDVH� WKH�GHYHORSPHQW� RI� WKH� DQDO\WLF
SLSHOLQH��(VSHFLDOO\�IRU�GDWD�RULJLQDOO\�IURP�D�UHODWLRQDO�GDWD�VRXUFH��XVLQJ�+LYH�PDNHV
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D�ORW�RI�VHQVH��+LYH�DQG�6TRRS�WRJHWKHU�IRUP�D�SRZHUIXO�WRROFKDLQ�IRU�SHUIRUPLQJ�DQDO�
\VLV�

6XSSRVH�ZH�KDG�DQRWKHU�ORJ�RI�GDWD�LQ�RXU�V\VWHP��FRPLQJ�IURP�D�ZHE�EDVHG�ZLGJHW
SXUFKDVLQJ�V\VWHP��7KLV�PD\�UHWXUQ�ORJILOHV�FRQWDLQLQJ�D�ZLGJHW�,'��D�TXDQWLW\��D�VKLS�
SLQJ�DGGUHVV��DQG�DQ�RUGHU�GDWH�

+HUH�LV�D�VQLSSHW�IURP�DQ�H[DPSOH�ORJ�RI�WKLV�W\SH�

1,15,120 Any St.,Los Angeles,CA,90210,2010-08-01
3,4,120 Any St.,Los Angeles,CA,90210,2010-08-01
2,5,400 Some Pl.,Cupertino,CA,95014,2010-07-30
2,7,88 Mile Rd.,Manhattan,NY,10005,2010-07-18

%\�XVLQJ�+DGRRS�WR�DQDO\]H�WKLV�SXUFKDVH�ORJ��ZH�FDQ�JDLQ�LQVLJKW�LQWR�RXU�VDOHV�RSHU�
DWLRQ��%\�FRPELQLQJ�WKLV�GDWD�ZLWK�WKH�GDWD�H[WUDFWHG�IURP�RXU�UHODWLRQDO�GDWD�VRXUFH
�WKH�widgets�WDEOH���ZH�FDQ�GR�EHWWHU��,Q�WKLV�H[DPSOH�VHVVLRQ��ZH�ZLOO�FRPSXWH�ZKLFK
]LS�FRGH�LV�UHVSRQVLEOH�IRU�WKH�PRVW�VDOHV�GROODUV��VR�ZH�FDQ�EHWWHU�IRFXV�RXU�VDOHV�WHDP¦V
RSHUDWLRQV��'RLQJ�WKLV�UHTXLUHV�GDWD�IURP�ERWK�WKH�VDOHV�ORJ�DQG�WKH�widgets�WDEOH�

7KH�WDEOH�VKRZQ�LQ�WKH�SUHYLRXV�FRGH�VQLSSHW�VKRXOG�EH�LQ�D�ORFDO�ILOH�QDPHG�VDOHV�ORJ
IRU�WKLV�WR�ZRUN�

)LUVW��OHW¦V�ORDG�WKH�VDOHV�GDWD�LQWR�+LYH�

hive> CREATE TABLE sales(widget_id INT, qty INT,
    > street STRING, city STRING, state STRING,
    > zip INT, sale_date STRING)
    > ROW FORMAT DELIMITED FIELDS TERMINATED BY ',';
OK
Time taken: 5.248 seconds
hive> LOAD DATA LOCAL INPATH "sales.log" INTO TABLE sales;
Copying data from file:/home/sales.log
Loading data to table sales
OK
Time taken: 0.188 seconds

6TRRS�FDQ�JHQHUDWH�D�+LYH�WDEOH�EDVHG�RQ�D�WDEOH�IURP�DQ�H[LVWLQJ�UHODWLRQDO�GDWD�VRXUFH�
6LQFH�ZH¦YH�DOUHDG\�LPSRUWHG�WKH�widgets�GDWD�WR�+')6��ZH�FDQ�JHQHUDWH�WKH�+LYH�WDEOH
GHILQLWLRQ�DQG�WKHQ�ORDG�LQ�WKH�+')6�UHVLGHQW�GDWD�

% sqoop create-hive-table --connect jdbc:mysql://localhost/hadoopguide \
> --table widgets --fields-terminated-by ','
...
10/06/23 18:05:34 INFO hive.HiveImport: OK
10/06/23 18:05:34 INFO hive.HiveImport: Time taken: 3.22 seconds
10/06/23 18:05:35 INFO hive.HiveImport: Hive import complete.
% hive
hive> LOAD DATA INPATH "widgets" INTO TABLE widgets;
Loading data to table widgets
OK
Time taken: 3.265 seconds
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:KHQ�FUHDWLQJ�D�+LYH�WDEOH�GHILQLWLRQ�ZLWK�D�VSHFLILF�DOUHDG\�LPSRUWHG�GDWDVHW�LQ�PLQG�
ZH�QHHG�WR�VSHFLI\�WKH�GHOLPLWHUV�XVHG�LQ�WKDW�GDWDVHW��2WKHUZLVH��6TRRS�ZLOO�DOORZ�+LYH
WR�XVH�LWV�GHIDXOW�GHOLPLWHUV��ZKLFK�DUH�GLIIHUHQW�IURP�6TRRS¦V�GHIDXOW�GHOLPLWHUV��

+LYH¦V�W\SH�V\VWHP�LV� OHVV�ULFK�WKDQ�WKDW�RI�PRVW�64/�V\VWHPV��0DQ\
64/�W\SHV�GR�QRW�KDYH�GLUHFW�DQDORJXHV�LQ�+LYH��:KHQ�6TRRS�JHQHUDWHV
D�+LYH�WDEOH�GHILQLWLRQ�IRU�DQ�LPSRUW��LW�XVHV�WKH�EHVW�+LYH�W\SH�DYDLODEOH
WR�KROG�D�FROXPQ¦V�YDOXHV��7KLV�PD\�UHVXOW�LQ�D�GHFUHDVH�LQ�SUHFLVLRQ�
:KHQ�WKLV�RFFXUV��6TRRS�ZLOO�SURYLGH�\RX�ZLWK�D�ZDUQLQJ�PHVVDJH�VXFK
DV�WKLV�RQH�

10/06/23 18:09:36 WARN hive.TableDefWriter: 
Column design_date had to be
cast to a less precise type in Hive

7KLV�WKUHH�VWHS�SURFHVV�RI�LPSRUWLQJ�GDWD�WR�+')6��FUHDWLQJ�WKH�+LYH�WDEOH��DQG�WKHQ
ORDGLQJ�WKH�+')6�UHVLGHQW�GDWD�LQWR�+LYH�FDQ�EH�VKRUWHQHG�WR�RQH�VWHS�LI�\RX�NQRZ
WKDW�\RX�ZDQW�WR�LPSRUW�VWUDLJKW�IURP�D�GDWDEDVH�GLUHFWO\�LQWR�+LYH��'XULQJ�DQ�LPSRUW�
6TRRS�FDQ�JHQHUDWH�WKH�+LYH�WDEOH�GHILQLWLRQ�DQG�WKHQ�ORDG�LQ�WKH�GDWD��+DG�ZH�QRW
DOUHDG\�SHUIRUPHG�WKH�LPSRUW��ZH�FRXOG�KDYH�H[HFXWHG�WKLV�FRPPDQG��ZKLFK�UH�FUHDWHV
WKH�widgets�WDEOH�LQ�+LYH��EDVHG�RQ�WKH�FRS\�LQ�0\64/�

% sqoop import --connect jdbc:mysql://localhost/hadoopguide \
> --table widgets -m 1 --hive-import

7KH�sqoop import�WRRO�UXQ�ZLWK�WKH�--hive-import�DUJXPHQW�ZLOO�ORDG
WKH�GDWD�GLUHFWO\�IURP�WKH�VRXUFH�GDWDEDVH� LQWR�+LYH�� LW� LQIHUV�D�+LYH
VFKHPD�DXWRPDWLFDOO\�EDVHG�RQ�WKH�VFKHPD�IRU�WKH�WDEOH�LQ�WKH�VRXUFH
GDWDEDVH��8VLQJ�WKLV��\RX�FDQ�JHW�VWDUWHG�ZRUNLQJ�ZLWK�\RXU�GDWD�LQ�+LYH
ZLWK�RQO\�RQH�FRPPDQG�

5HJDUGOHVV�RI�ZKLFK�GDWD�LPSRUW�URXWH�ZH�FKRVH��ZH�FDQ�QRZ�XVH�WKH�widgets�GDWDVHW
DQG�WKH�sales�GDWD�VHW�WRJHWKHU�WR�FDOFXODWH�WKH�PRVW�SURILWDEOH�]LS�FRGH��/HW¦V�GR�VR�
DQG�DOVR�VDYH�WKH�UHVXOW�RI�WKLV�TXHU\�LQ�DQRWKHU�WDEOH�IRU�ODWHU�

hive> CREATE TABLE zip_profits (sales_vol DOUBLE, zip INT);
OK

hive> INSERT OVERWRITE TABLE zip_profits 
    > SELECT SUM(w.price * s.qty) AS sales_vol, s.zip  FROM SALES s
    > JOIN widgets w ON (s.widget_id = w.id) GROUP BY s.zip;
...
3 Rows loaded to zip_profits
OK

hive> SELECT * FROM zip_profits ORDER BY sales_vol DESC;
...
OK
403.71  90210
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28.0    10005
20.0    95014

Importing Large Objects
0RVW�GDWDEDVHV�SURYLGH�WKH�FDSDELOLW\�WR�VWRUH�ODUJH�DPRXQWV�RI�GDWD�LQ�D�VLQJOH�ILHOG�
'HSHQGLQJ�RQ�ZKHWKHU�WKLV�GDWD�LV�WH[WXDO�RU�ELQDU\�LQ�QDWXUH��LW�LV�XVXDOO\�UHSUHVHQWHG
DV�D�CLOB�RU�BLOB�FROXPQ�LQ�WKH�WDEOH��7KHVH�£ODUJH�REMHFWV¤�DUH�RIWHQ�KDQGOHG�VSHFLDOO\
E\�WKH�GDWDEDVH�LWVHOI��,Q�SDUWLFXODU��PRVW�WDEOHV�DUH�SK\VLFDOO\�ODLG�RXW�RQ�GLVN�DV�LQ
)LJXUH�������:KHQ�VFDQQLQJ�WKURXJK�URZV�WR�GHWHUPLQH�ZKLFK�URZV�PDWFK�WKH�FULWHULD
IRU�D�SDUWLFXODU�TXHU\��WKLV�W\SLFDOO\�LQYROYHV�UHDGLQJ�DOO�FROXPQV�RI�HDFK�URZ�IURP�GLVN�
,I� ODUJH�REMHFWV�ZHUH�VWRUHG�£LQOLQH¤� LQ�WKLV� IDVKLRQ�� WKH\�ZRXOG�DGYHUVHO\�DIIHFW� WKH
SHUIRUPDQFH�RI�VXFK�VFDQV��7KHUHIRUH��ODUJH�REMHFWV�DUH�RIWHQ�VWRUHG�H[WHUQDOO\�IURP
WKHLU� URZV�� DV� LQ� )LJXUH� ������ $FFHVVLQJ� D� ODUJH� REMHFW� RIWHQ� UHTXLUHV� £RSHQLQJ¤� LW
WKURXJK�WKH�UHIHUHQFH�FRQWDLQHG�LQ�WKH�URZ�

)LJXUH�������'DWDEDVH�WDEOHV�DUH�W\SLFDOO\�SK\VLFDOO\�UHSUHVHQWHG�DV�DQ�DUUD\�RI�URZV��ZLWK�DOO�WKH
FROXPQV�LQ�D�URZ�VWRUHG�DGMDFHQW�WR�RQH�DQRWKHU

)LJXUH�������/DUJH�REMHFWV�DUH�XVXDOO\�KHOG�LQ�D�VHSDUDWH�DUHD�RI�VWRUDJH��WKH�PDLQ�URZ�VWRUDJH�FRQWDLQV
LQGLUHFW�UHIHUHQFHV�WR�WKH�ODUJH�REMHFWV
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7KH�GLIILFXOW\�RI�ZRUNLQJ�ZLWK�ODUJH�REMHFWV�LQ�D�GDWDEDVH�VXJJHVWV�WKDW�D�V\VWHP�VXFK
DV�+DGRRS��ZKLFK�LV�PXFK�EHWWHU�VXLWHG�WR�VWRULQJ�DQG�SURFHVVLQJ�ODUJH��FRPSOH[�GDWD
REMHFWV�� LV�DQ�LGHDO�UHSRVLWRU\�IRU�VXFK�LQIRUPDWLRQ��6TRRS�FDQ�H[WUDFW� ODUJH�REMHFWV
IURP�WDEOHV�DQG�VWRUH�WKHP�LQ�+')6�IRU�IXUWKHU�SURFHVVLQJ�

$V�LQ�D�GDWDEDVH��0DS5HGXFH�W\SLFDOO\�PDWHULDOL]HV�HYHU\�UHFRUG�EHIRUH�SDVVLQJ�LW�DORQJ
WR�WKH�PDSSHU��,I�LQGLYLGXDO�UHFRUGV�DUH�WUXO\�ODUJH��WKLV�FDQ�EH�YHU\�LQHIILFLHQW�

$V�VKRZQ�HDUOLHU��UHFRUGV� LPSRUWHG�E\�6TRRS�DUH� ODLG�RXW�RQ�GLVN�LQ�D�IDVKLRQ�YHU\
VLPLODU�WR�D�GDWDEDVH¦V�LQWHUQDO�VWUXFWXUH��DQ�DUUD\�RI�UHFRUGV�ZLWK�DOO�ILHOGV�RI�D�UHFRUG
FRQFDWHQDWHG�WRJHWKHU��:KHQ�UXQQLQJ�D�0DS5HGXFH�SURJUDP�RYHU�LPSRUWHG�UHFRUGV�
HDFK�PDS�WDVN�PXVW�IXOO\�PDWHULDOL]H�DOO�ILHOGV�RI�HDFK�UHFRUG�LQ�LWV�LQSXW�VSOLW��,I�WKH
FRQWHQWV�RI�D�ODUJH�REMHFW�ILHOG�DUH�UHOHYDQW�RQO\�IRU�D�VPDOO�VXEVHW�RI�WKH�WRWDO�QXPEHU
RI�UHFRUGV�XVHG�DV�LQSXW�WR�D�0DS5HGXFH�SURJUDP��LW�ZRXOG�EH�LQHIILFLHQW�WR�IXOO\�PD�
WHULDOL]H�DOO�WKHVH�UHFRUGV��)XUWKHUPRUH��GHSHQGLQJ�RQ�WKH�VL]H�RI�WKH�ODUJH�REMHFW��IXOO
PDWHULDOL]DWLRQ�LQ�PHPRU\�PD\�EH�LPSRVVLEOH�

7R�RYHUFRPH�WKHVH�GLIILFXOWLHV��6TRRS�ZLOO�VWRUH�LPSRUWHG�ODUJH�REMHFWV�LQ�D�VHSDUDWH
ILOH�FDOOHG�D�/RE)LOH��7KH�/RE)LOH�IRUPDW�FDQ�VWRUH�LQGLYLGXDO�UHFRUGV�RI�YHU\�ODUJH�VL]H
�D����ELW�DGGUHVV�VSDFH�LV�XVHG���(DFK�UHFRUG�LQ�D�/RE)LOH�KROGV�D�VLQJOH�ODUJH�REMHFW�
7KH�/RE)LOH�IRUPDW�DOORZV�FOLHQWV�WR�KROG�D�UHIHUHQFH�WR�D�UHFRUG�ZLWKRXW�DFFHVVLQJ�WKH
UHFRUG� FRQWHQWV��:KHQ� UHFRUGV� DUH� DFFHVVHG�� WKLV� LV� GRQH� WKURXJK� D� java.io.Input
Stream��IRU�ELQDU\�REMHFWV��RU�java.io.Reader��IRU�FKDUDFWHU�EDVHG�REMHFWV��

:KHQ�D�UHFRUG�LV�LPSRUWHG��WKH�£QRUPDO¤�ILHOGV�ZLOO�EH�PDWHULDOL]HG�WRJHWKHU�LQ�D�WH[W
ILOH��DORQJ�ZLWK�D�UHIHUHQFH�WR�WKH�/RE)LOH�ZKHUH�D�&/2%�RU�%/2%�FROXPQ�LV�VWRUHG�
)RU� H[DPSOH�� VXSSRVH� RXU� widgets� WDEOH� FRQWDLQHG� D� %/2%� ILHOG� QDPHG� schematic
KROGLQJ�WKH�DFWXDO�VFKHPDWLF�GLDJUDP�IRU�HDFK�ZLGJHW�

$Q�LPSRUWHG�UHFRUG�PLJKW�WKHQ�ORRN�OLNH�

2,gizmo,4.00,2009-11-30,4,null,externalLob(lf,lobfile0,100,5011714)

7KH�externalLob(...)�WH[W�LV�D�UHIHUHQFH�WR�DQ�H[WHUQDOO\�VWRUHG�ODUJH�REMHFW��VWRUHG�LQ
/RE)LOH�IRUPDW��lf��LQ�D�ILOH�QDPHG�OREILOH���ZLWK�WKH�VSHFLILHG�E\WH�RIIVHW�DQG�OHQJWK
LQVLGH�WKDW�ILOH�

:KHQ�ZRUNLQJ�ZLWK�WKLV�UHFRUG��WKH�Widget.get_schematic()�PHWKRG�ZRXOG�UHWXUQ�DQ
REMHFW�RI�W\SH�BlobRef�UHIHUHQFLQJ�WKH�schematic�FROXPQ��EXW�QRW�DFWXDOO\�FRQWDLQLQJ
LWV�FRQWHQWV��7KH�BlobRef.getDataStream()�PHWKRG�DFWXDOO\�RSHQV�WKH�/RE)LOH�DQG�UH�
WXUQV�DQ�InputStream��DOORZLQJ�\RX�WR�DFFHVV�WKH�schematic�ILHOG¦V�FRQWHQWV�

:KHQ�UXQQLQJ�D�0DS5HGXFH�MRE�SURFHVVLQJ�PDQ\�Widget�UHFRUGV��\RX�PLJKW�QHHG�WR
DFFHVV�WKH�schematic�ILHOG�RI�RQO\�D�KDQGIXO�RI�UHFRUGV��7KLV�V\VWHP�DOORZV�\RX�WR�LQFXU
WKH�,�2�FRVWV�RI�DFFHVVLQJ�RQO\�WKH�UHTXLUHG�ODUJH�REMHFW�HQWULHV��DV�LQGLYLGXDO�VFKHPDWLFV
PD\�EH�VHYHUDO�PHJDE\WHV�RU�PRUH�RI�GDWD�
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7KH�BlobRef�DQG�ClobRef�FODVVHV�FDFKH�UHIHUHQFHV�WR�XQGHUO\LQJ�/RE)LOHV�ZLWKLQ�D�PDS
WDVN��,I�\RX�GR�DFFHVV�WKH�schematic�ILHOG�RI�VHYHUDO�VHTXHQWLDOO\�RUGHUHG�UHFRUGV��WKH\
ZLOO�WDNH�DGYDQWDJH�RI�WKH�H[LVWLQJ�ILOH�SRLQWHU¦V�DOLJQPHQW�RQ�WKH�QH[W�UHFRUG�ERG\�

Performing an Export
,Q�6TRRS��DQ�LPSRUW�UHIHUV�WR�WKH�PRYHPHQW�RI�GDWD�IURP�D�GDWDEDVH�V\VWHP�LQWR�+')6�
%\�FRQWUDVW��DQ�H[SRUW�XVHV�+')6�DV�WKH�VRXUFH�RI�GDWD�DQG�D�UHPRWH�GDWDEDVH�DV�WKH
GHVWLQDWLRQ��,Q�WKH�SUHYLRXV�VHFWLRQV��ZH�LPSRUWHG�VRPH�GDWD�DQG�WKHQ�SHUIRUPHG�VRPH
DQDO\VLV�XVLQJ�+LYH��:H�FDQ�H[SRUW�WKH�UHVXOWV�RI�WKLV�DQDO\VLV�WR�D�GDWDEDVH�IRU�FRQ�
VXPSWLRQ�E\�RWKHU�WRROV�

%HIRUH�H[SRUWLQJ�D�WDEOH�IURP�+')6�WR�D�GDWDEDVH��ZH�PXVW�SUHSDUH�WKH�GDWDEDVH�WR
UHFHLYH�WKH�GDWD�E\�FUHDWLQJ�WKH�WDUJHW�WDEOH��$OWKRXJK�6TRRS�FDQ�LQIHU�ZKLFK�-DYD�W\SHV
DUH�DSSURSULDWH�WR�KROG�64/�GDWD�W\SHV��WKLV�WUDQVODWLRQ�GRHV�QRW�ZRUN�LQ�ERWK�GLUHFWLRQV
�IRU�H[DPSOH��WKHUH�DUH�VHYHUDO�SRVVLEOH�64/�FROXPQ�GHILQLWLRQV�WKDW�FDQ�KROG�GDWD�LQ
D�-DYD�String��WKLV�FRXOG�EH�CHAR(64)��VARCHAR(200)��RU�VRPHWKLQJ�HOVH�HQWLUHO\���&RQ�
VHTXHQWO\��\RX�PXVW�GHWHUPLQH�ZKLFK�W\SHV�DUH�PRVW�DSSURSULDWH�

:H�DUH�JRLQJ�WR�H[SRUW�WKH�zip_profits�WDEOH�IURP�+LYH��:H�QHHG�WR�FUHDWH�D�WDEOH�LQ
0\64/�WKDW�KDV�WDUJHW�FROXPQV�LQ�WKH�VDPH�RUGHU��ZLWK�WKH�DSSURSULDWH�64/�W\SHV�

% mysql hadoopguide
mysql> CREATE TABLE sales_by_zip (volume DECIMAL(8,2), zip INTEGER);
Query OK, 0 rows affected (0.01 sec)

7KHQ�ZH�UXQ�WKH�H[SRUW�FRPPDQG�

% sqoop export --connect jdbc:mysql://localhost/hadoopguide -m 1 \
> --table sales_by_zip --export-dir /user/hive/warehouse/zip_profits \
> --input-fields-terminated-by '\0001'
...
10/07/02 16:16:50 INFO mapreduce.ExportJobBase: Transferred 41 bytes in 10.8947
seconds (3.7633 bytes/sec)
10/07/02 16:16:50 INFO mapreduce.ExportJobBase: Exported 3 records.

)LQDOO\��ZH�FDQ�YHULI\�WKDW�WKH�H[SRUW�ZRUNHG�E\�FKHFNLQJ�0\64/�

% mysql hadoopguide -e 'SELECT * FROM sales_by_zip'
+--------+-------+
| volume | zip   |
+--------+-------+
|  28.00 | 10005 | 
| 403.71 | 90210 | 
|  20.00 | 95014 | 
+--------+-------+

:KHQ�ZH�FUHDWHG�WKH�zip_profits�WDEOH�LQ�+LYH��ZH�GLG�QRW�VSHFLI\�DQ\�GHOLPLWHUV��6R
+LYH�XVHG�LWV�GHIDXOW�GHOLPLWHUV��D�&WUO�$�FKDUDFWHU��8QLFRGH�0x0001��EHWZHHQ�ILHOGV�DQG
D�QHZOLQH�DW�WKH�HQG�RI�HDFK�UHFRUG��:KHQ�ZH�XVHG�+LYH�WR�DFFHVV�WKH�FRQWHQWV�RI�WKLV
WDEOH��LQ�D�SELECT�VWDWHPHQW���+LYH�FRQYHUWHG�WKLV�WR�D�WDE�GHOLPLWHG�UHSUHVHQWDWLRQ�IRU
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GLVSOD\�RQ�WKH�FRQVROH��%XW�ZKHQ�UHDGLQJ�WKH�WDEOHV�GLUHFWO\�IURP�ILOHV��ZH�QHHG�WR�WHOO
6TRRS�ZKLFK�GHOLPLWHUV�WR�XVH��6TRRS�DVVXPHV�UHFRUGV�DUH�QHZOLQH�GHOLPLWHG�E\�GH�
IDXOW��EXW�QHHGV�WR�EH�WROG�DERXW�WKH�&WUO�$�ILHOG�GHOLPLWHUV��7KH�--input-fields-ter
minated-by�DUJXPHQW�WR�sqoop export�VSHFLILHG�WKLV�LQIRUPDWLRQ��6TRRS�VXSSRUWV�VHY�
HUDO�HVFDSH�VHTXHQFHV��ZKLFK�VWDUW�ZLWK�D�EDFNVODVK��?��FKDUDFWHU��ZKHQ�VSHFLI\LQJ�GH�
OLPLWHUV�

,Q�WKH�H[DPSOH�V\QWD[��WKH�HVFDSH�VHTXHQFH�LV�HQFORVHG�LQ�VLQJOH�TXRWHV�WR�HQVXUH�WKDW
WKH�VKHOO�SURFHVVHV�LW�OLWHUDOO\��:LWKRXW�WKH�TXRWHV��WKH�OHDGLQJ�EDFNVODVK�LWVHOI�PD\�QHHG
WR�EH� HVFDSHG� �IRU� H[DPSOH��--input-fields-terminated-by \\0001���7KH� HVFDSH� VH�
TXHQFHV�VXSSRUWHG�E\�6TRRS�DUH�OLVWHG�LQ�7DEOH������

7DEOH�������(VFDSH�VHTXHQFHV�FDQ�EH�XVHG�WR�VSHFLI\�QRQSULQWDEOH�FKDUDFWHUV�DV�ILHOG�DQG�UHFRUG
GHOLPLWHUV�LQ�6TRRS

Escape Description

\b Backspace

\n Newline

\r Carriage return

\t Tab

\' Single quote

\" Double quote

\\ Backslash

\0 NUL. This will insert NUL characters between fields or lines, or will disable enclosing/escaping if used for one of the 
--enclosed-by, --optionally-enclosed-by, or --escaped-by arguments.

\0ooo The octal representation of a Unicode character’s code point. The actual character is specified by the octal value ooo.

\0xhhh The hexadecimal representation of a Unicode character’s code point. This should be of the form \0xhhh, where
hhh is the hex value. For example, --fields-terminated-by '\0x10' specifies the carriage return
character.

Exports: A Deeper Look
7KH�DUFKLWHFWXUH�RI�6TRRS¦V�H[SRUW�FDSDELOLW\�LV�YHU\�VLPLODU�LQ�QDWXUH�WR�KRZ�6TRRS
SHUIRUPV�LPSRUWV���6HH�)LJXUH��������%HIRUH�SHUIRUPLQJ�WKH�H[SRUW��6TRRS�SLFNV�D�VWUDW�
HJ\�EDVHG�RQ�WKH�GDWDEDVH�FRQQHFW�VWULQJ��)RU�PRVW�V\VWHPV��6TRRS�XVHV�-'%&��6TRRS
WKHQ�JHQHUDWHV�D�-DYD�FODVV�EDVHG�RQ�WKH�WDUJHW�WDEOH�GHILQLWLRQ��7KLV�JHQHUDWHG�FODVV�KDV
WKH�DELOLW\�WR�SDUVH�UHFRUGV�IURP�WH[W�ILOHV�DQG�LQVHUW�YDOXHV�RI�WKH�DSSURSULDWH�W\SHV�LQWR
D�WDEOH��LQ�DGGLWLRQ�WR�WKH�DELOLW\�WR�UHDG�WKH�FROXPQV�IURP�D�ResultSet���$�0DS5HGXFH
MRE�LV�WKHQ�ODXQFKHG�WKDW�UHDGV�WKH�VRXUFH�GDWDILOHV�IURP�+')6��SDUVHV�WKH�UHFRUGV�XVLQJ
WKH�JHQHUDWHG�FODVV��DQG�H[HFXWHV�WKH�FKRVHQ�H[SRUW�VWUDWHJ\�
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)LJXUH�������([SRUWV�DUH�SHUIRUPHG�LQ�SDUDOOHO�XVLQJ�0DS5HGXFH

7KH�-'%&�EDVHG�H[SRUW�VWUDWHJ\�EXLOGV�XS�EDWFK�INSERT�VWDWHPHQWV�WKDW�ZLOO�HDFK�DGG
PXOWLSOH�UHFRUGV�WR�WKH�WDUJHW�WDEOH�� ,QVHUWLQJ�PDQ\�UHFRUGV�SHU�VWDWHPHQW�SHUIRUPV
PXFK�EHWWHU�WKDQ�H[HFXWLQJ�PDQ\�VLQJOH�URZ�INSERT�VWDWHPHQWV�RQ�PRVW�GDWDEDVH�V\V�
WHPV��6HSDUDWH�WKUHDGV�DUH�XVHG�WR�UHDG�IURP�+')6�DQG�FRPPXQLFDWH�ZLWK�WKH�GDWD�
EDVH��WR�HQVXUH�WKDW�,�2�RSHUDWLRQV�LQYROYLQJ�GLIIHUHQW�V\VWHPV�DUH�RYHUODSSHG�DV�PXFK
DV�SRVVLEOH�

)RU�0\64/��6TRRS�FDQ�HPSOR\�D�GLUHFW�PRGH�VWUDWHJ\�XVLQJ�mysqlimport��(DFK�PDS
WDVN�VSDZQV�D�mysqlimport�SURFHVV�WKDW�LW�FRPPXQLFDWHV�ZLWK�YLD�D�QDPHG�),)2�RQ�WKH
ORFDO�ILOHV\VWHP��'DWD�LV�WKHQ�VWUHDPHG�LQWR�mysqlimport�YLD�WKH�),)2�FKDQQHO��DQG�IURP
WKHUH�LQWR�WKH�GDWDEDVH�

:KHUHDV�PRVW�0DS5HGXFH� MREV� UHDGLQJ� IURP�+')6�SLFN� WKH�GHJUHH�RI�SDUDOOHOLVP
�QXPEHU�RI�PDS�WDVNV��EDVHG�RQ�WKH�QXPEHU�DQG�VL]H�RI�WKH�ILOHV�WR�SURFHVV��6TRRS¦V
H[SRUW�V\VWHP�DOORZV�XVHUV�H[SOLFLW�FRQWURO�RYHU�WKH�QXPEHU�RI�WDVNV��7KH�SHUIRUPDQFH
RI�WKH�H[SRUW�FDQ�EH�DIIHFWHG�E\�WKH�QXPEHU�RI�SDUDOOHO�ZULWHUV�WR�WKH�GDWDEDVH��VR�6TRRS
XVHV�WKH�CombineFileInputFormat�FODVV�WR�JURXS�WKH�LQSXW�ILOHV�LQWR�D�VPDOOHU�QXPEHU�RI
PDS�WDVNV�
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Exports and Transactionality
'XH�WR�WKH�SDUDOOHO�QDWXUH�RI�WKH�SURFHVV��RIWHQ�DQ�H[SRUW�LV�QRW�DQ�DWRPLF�RSHUDWLRQ�
6TRRS�ZLOO�VSDZQ�PXOWLSOH�WDVNV�WR�H[SRUW�VOLFHV�RI�WKH�GDWD�LQ�SDUDOOHO��7KHVH�WDVNV�FDQ
FRPSOHWH�DW�GLIIHUHQW� WLPHV��PHDQLQJ� WKDW�HYHQ� WKRXJK� WUDQVDFWLRQV�DUH�XVHG� LQVLGH
WDVNV��UHVXOWV�IURP�RQH�WDVN�PD\�EH�YLVLEOH�EHIRUH�WKH�UHVXOWV�RI�DQRWKHU�WDVN��0RUHRYHU�
GDWDEDVHV�RIWHQ�XVH�IL[HG�VL]H�EXIIHUV�WR�VWRUH�WUDQVDFWLRQV��$V�D�UHVXOW��RQH�WUDQVDFWLRQ
FDQQRW�QHFHVVDULO\� FRQWDLQ� WKH� HQWLUH� VHW�RI�RSHUDWLRQV�SHUIRUPHG�E\�D� WDVN�� 6TRRS
FRPPLWV�UHVXOWV�HYHU\�IHZ�WKRXVDQG�URZV��WR�HQVXUH�WKDW�LW�GRHV�QRW�UXQ�RXW�RI�PHPRU\�
7KHVH�LQWHUPHGLDWH�UHVXOWV�DUH�YLVLEOH�ZKLOH�WKH�H[SRUW�FRQWLQXHV��$SSOLFDWLRQV�WKDW�ZLOO
XVH�WKH�UHVXOWV�RI�DQ�H[SRUW�VKRXOG�QRW�EH�VWDUWHG�XQWLO�WKH�H[SRUW�SURFHVV�LV�FRPSOHWH�
RU�WKH\�PD\�VHH�SDUWLDO�UHVXOWV�

7R�VROYH�WKLV�SUREOHP��6TRRS�FDQ�H[SRUW�WR�D�WHPSRUDU\�VWDJLQJ�WDEOH��DQG�WKHQ�DW�WKH
HQG�RI�WKH�MRE¢LI�WKH�H[SRUW�KDV�VXFFHHGHG¢PRYH�WKH�VWDJHG�GDWD�LQWR�WKH�GHVWLQDWLRQ
WDEOH�LQ�D�VLQJOH�WUDQVDFWLRQ��<RX�FDQ�VSHFLI\�D�VWDJLQJ�WDEOH�ZLWK�WKH�--staging-table
RSWLRQ��7KH�VWDJLQJ�WDEOH�PXVW�DOUHDG\�H[LVW�DQG�KDYH�WKH�VDPH�VFKHPD�DV�WKH�GHVWLQD�
WLRQ��,W�PXVW�DOVR�EH�HPSW\��XQOHVV�WKH�--clear-staging-table�RSWLRQ�LV�DOVR�VXSSOLHG�

Exports and SequenceFiles
7KH�H[DPSOH�H[SRUW�UHDGV�VRXUFH�GDWD�IURP�D�+LYH�WDEOH��ZKLFK�LV�VWRUHG�LQ�+')6�DV�D
GHOLPLWHG�WH[W�ILOH��6TRRS�FDQ�DOVR�H[SRUW�GHOLPLWHG�WH[W�ILOHV�WKDW�ZHUH�QRW�+LYH�WDEOHV�
)RU�H[DPSOH��LW�FDQ�H[SRUW�WH[W�ILOHV�WKDW�DUH�WKH�RXWSXW�RI�D�0DS5HGXFH�MRE�

6TRRS�FDQ�DOVR�H[SRUW�UHFRUGV�VWRUHG�LQ�6HTXHQFH)LOHV�WR�DQ�RXWSXW�WDEOH��DOWKRXJK
VRPH�UHVWULFWLRQV�DSSO\��$�6HTXHQFH)LOH�FDQ�FRQWDLQ�DUELWUDU\�UHFRUG�W\SHV��6TRRS¦V
H[SRUW�WRRO�ZLOO�UHDG�REMHFWV�IURP�6HTXHQFH)LOHV�DQG�VHQG�WKHP�GLUHFWO\�WR�WKH�Output
Collector��ZKLFK�SDVVHV�WKH�REMHFWV�WR�WKH�GDWDEDVH�H[SRUW�OutputFormat��7R�ZRUN�ZLWK
6TRRS��WKH�UHFRUG�PXVW�EH�VWRUHG�LQ�WKH�£YDOXH¤�SRUWLRQ�RI�WKH�6HTXHQFH)LOH¦V�NH\�YDOXH
SDLU�IRUPDW�DQG�PXVW�VXEFODVV�WKH�org.apache.sqoop.lib.SqoopRecord�DEVWUDFW�FODVV��DV
LV�GRQH�E\�DOO�FODVVHV�JHQHUDWHG�E\�6TRRS��

,I�\RX�XVH�WKH�FRGHJHQ�WRRO��sqoop-codegen��WR�JHQHUDWH�D�SqoopRecord�LPSOHPHQWDWLRQ
IRU�D�UHFRUG�EDVHG�RQ�\RXU�H[SRUW�WDUJHW�WDEOH��\RX�FDQ�WKHQ�ZULWH�D�0DS5HGXFH�SUR�
JUDP��ZKLFK�SRSXODWHV�LQVWDQFHV�RI�WKLV�FODVV�DQG�ZULWHV�WKHP�WR�6HTXHQFH)LOHV��sqoop-
export�FDQ�WKHQ�H[SRUW�WKHVH�6HTXHQFH)LOHV�WR�WKH�WDEOH��$QRWKHU�PHDQV�E\�ZKLFK�GDWD
PD\�EH�LQ�SqoopRecord�LQVWDQFHV�LQ�6HTXHQFH)LOHV�LV�LI�GDWD�LV�LPSRUWHG�IURP�D�GDWDEDVH
WDEOH�WR�+')6�DQG�PRGLILHG�LQ�VRPH�IDVKLRQ��DQG�WKHQ�WKH�UHVXOWV�DUH�VWRUHG�LQ�6H�
TXHQFH)LOHV�KROGLQJ�UHFRUGV�RI�WKH�VDPH�GDWD�W\SH�

,Q�WKLV�FDVH��6TRRS�VKRXOG�UHXVH�WKH�H[LVWLQJ�FODVV�GHILQLWLRQ�WR�UHDG�GDWD�IURP�6HTXHQ�
FH)LOHV��UDWKHU�WKDQ�JHQHUDWH�D�QHZ��WHPSRUDU\��UHFRUG�FRQWDLQHU�FODVV�WR�SHUIRUP�WKH
H[SRUW��DV�LV�GRQH�ZKHQ�FRQYHUWLQJ�WH[W�EDVHG�UHFRUGV�WR�GDWDEDVH�URZV��<RX�FDQ�VXS�
SUHVV�FRGH�JHQHUDWLRQ�DQG�LQVWHDG�XVH�DQ�H[LVWLQJ�UHFRUG�FODVV�DQG�-$5�E\�SURYLGLQJ
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WKH�--class-name� DQG�--jar-file� DUJXPHQWV� WR�6TRRS��6TRRS�ZLOO�XVH� WKH� VSHFLILHG
FODVV��ORDGHG�IURP�WKH�VSHFLILHG�-$5��ZKHQ�H[SRUWLQJ�UHFRUGV�

,Q�WKH�IROORZLQJ�H[DPSOH��ZH�UHLPSRUW�WKH�widgets�WDEOH�DV�6HTXHQFH)LOHV��DQG�WKHQ
H[SRUW�LW�EDFN�WR�WKH�GDWDEDVH�LQ�D�GLIIHUHQW�WDEOH�

% sqoop import --connect jdbc:mysql://localhost/hadoopguide \
> --table widgets -m 1 --class-name WidgetHolder --as-sequencefile \
> --target-dir widget_sequence_files --bindir .
...
10/07/05 17:09:13 INFO mapreduce.ImportJobBase: Retrieved 3 records.

% mysql hadoopguide
mysql> CREATE TABLE widgets2(id INT, widget_name VARCHAR(100), 
    -> price DOUBLE, designed DATE, version INT, notes VARCHAR(200));
Query OK, 0 rows affected (0.03 sec)

mysql> exit;

% sqoop export --connect jdbc:mysql://localhost/hadoopguide \
> --table widgets2 -m 1 --class-name WidgetHolder \
> --jar-file widgets.jar --export-dir widget_sequence_files
...
10/07/05 17:26:44 INFO mapreduce.ExportJobBase: Exported 3 records.

'XULQJ�WKH�LPSRUW��ZH�VSHFLILHG�WKH�6HTXHQFH)LOH�IRUPDW�DQG�LQGLFDWHG�WKDW�ZH�ZDQWHG
WKH�-$5�ILOH�WR�EH�SODFHG�LQ�WKH�FXUUHQW�GLUHFWRU\��ZLWK�--bindir��VR�ZH�FDQ�UHXVH�LW�
2WKHUZLVH��LW�ZRXOG�EH�SODFHG�LQ�D�WHPSRUDU\�GLUHFWRU\��:H�WKHQ�FUHDWHG�D�GHVWLQDWLRQ
WDEOH�IRU�WKH�H[SRUW��ZKLFK�KDG�D�VOLJKWO\�GLIIHUHQW�VFKHPD��DOEHLW�RQH�WKDW�LV�FRPSDWLEOH
ZLWK�WKH�RULJLQDO�GDWD��:H�WKHQ�UDQ�DQ�H[SRUW�WKDW�XVHG�WKH�H[LVWLQJ�JHQHUDWHG�FRGH�WR
UHDG�WKH�UHFRUGV�IURP�WKH�6HTXHQFH)LOH�DQG�ZULWH�WKHP�WR�WKH�GDWDEDVH�
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CHAPTER 16

Case Studies

Hadoop Usage at Last.fm

Last.fm: The Social Music Revolution
)RXQGHG�LQ�������/DVW�IP�LV�DQ�,QWHUQHW�UDGLR�DQG�PXVLF�FRPPXQLW\�ZHEVLWH�WKDW�RIIHUV
PDQ\�VHUYLFHV�WR�LWV�XVHUV��VXFK�DV�IUHH�PXVLF�VWUHDPV�DQG�GRZQORDGV��PXVLF�DQG�HYHQW
UHFRPPHQGDWLRQV��SHUVRQDOL]HG�FKDUWV��DQG�PXFK�PRUH��7KHUH�DUH�DERXW����PLOOLRQ
SHRSOH�ZKR�XVH�/DVW�IP�HYHU\�PRQWK��JHQHUDWLQJ�KXJH�DPRXQWV�RI�GDWD�WKDW�QHHG�WR�EH
SURFHVVHG��2QH� H[DPSOH� RI� WKLV� LV� XVHUV� WUDQVPLWWLQJ� LQIRUPDWLRQ� LQGLFDWLQJ�ZKLFK
VRQJV�WKH\�DUH�OLVWHQLQJ�WR��WKLV�LV�NQRZQ�DV�£VFUREEOLQJ¤���7KLV�GDWD�LV�SURFHVVHG�DQG
VWRUHG�E\�/DVW�IP��VR�WKH�XVHU�FDQ�DFFHVV�LW�GLUHFWO\��LQ�WKH�IRUP�RI�FKDUWV���DQG�LW�LV�DOVR
XVHG�WR�PDNH�GHFLVLRQV�DERXW�XVHUV¦�PXVLFDO�WDVWHV�DQG�FRPSDWLELOLW\��DQG�DUWLVW�DQG
WUDFN�VLPLODULW\�

Hadoop at Last.fm
$V�/DVW�IP¦V�VHUYLFH�GHYHORSHG�DQG�WKH�QXPEHU�RI�XVHUV�JUHZ�IURP�WKRXVDQGV�WR�PLO�
OLRQV�� VWRULQJ��SURFHVVLQJ��DQG�PDQDJLQJ�DOO� WKH� LQFRPLQJ�GDWD�EHFDPH� LQFUHDVLQJO\
FKDOOHQJLQJ��)RUWXQDWHO\��+DGRRS�ZDV�TXLFNO\�EHFRPLQJ�VWDEOH�HQRXJK�DQG�ZDV�HQ�
WKXVLDVWLFDOO\�DGRSWHG�DV�LW�EHFDPH�FOHDU�KRZ�PDQ\�SUREOHPV�LW�VROYHG��,W�ZDV�ILUVW�XVHG
DW�/DVW�IP�LQ�HDUO\������DQG�ZDV�SXW�LQWR�SURGXFWLRQ�D�IHZ�PRQWKV�ODWHU��7KHUH�ZHUH
VHYHUDO�UHDVRQV�IRU�DGRSWLQJ�+DGRRS�DW�/DVW�IP�

� 7KH�GLVWULEXWHG�ILOHV\VWHP�SURYLGHG�UHGXQGDQW�EDFNXSV�IRU�WKH�GDWD�VWRUHG�RQ�LW
�H�J���ZHE�ORJV��XVHU�OLVWHQLQJ�GDWD��DW�QR�H[WUD�FRVW�

� 6FDODELOLW\�ZDV�VLPSOLILHG�WKURXJK�WKH�DELOLW\�WR�DGG�FKHDS�FRPPRGLW\�KDUGZDUH
ZKHQ�UHTXLUHG�

� 7KH�FRVW�ZDV�ULJKW��IUHH��DW�D�WLPH�ZKHQ�/DVW�IP�KDG�OLPLWHG�ILQDQFLDO�UHVRXUFHV�
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� 7KH�RSHQ�VRXUFH�FRGH�DQG�DFWLYH�FRPPXQLW\�PHDQW�WKDW�/DVW�IP�FRXOG�IUHHO\�PRG�
LI\�+DGRRS�WR�DGG�FXVWRP�IHDWXUHV�DQG�SDWFKHV�

� +DGRRS�SURYLGHG�D�IOH[LEOH�IUDPHZRUN�IRU�UXQQLQJ�GLVWULEXWHG�FRPSXWLQJ�DOJR�
ULWKPV�ZLWK�D�UHODWLYHO\�HDV\�OHDUQLQJ�FXUYH�

+DGRRS�KDV�QRZ�EHFRPH�D�FUXFLDO�SDUW�RI�/DVW�IP¦V�LQIUDVWUXFWXUH��FXUUHQWO\�FRQVLVWLQJ
RI�WZR�+DGRRS�FOXVWHUV�VSDQQLQJ�RYHU����PDFKLQHV������FRUHV��DQG�����7%�RI�GLVN
VSDFH��+XQGUHGV�RI�GDLO\�MREV�DUH�UXQ�RQ�WKH�FOXVWHUV�SHUIRUPLQJ�RSHUDWLRQV��VXFK�DV
ORJILOH�DQDO\VLV��HYDOXDWLRQ�RI�$�%�WHVWV��DG�KRF�SURFHVVLQJ��DQG�FKDUWV�JHQHUDWLRQ��7KLV
FDVH�VWXG\�ZLOO�IRFXV�RQ�WKH�SURFHVV�RI�JHQHUDWLQJ�FKDUWV��DV�WKLV�ZDV�WKH�ILUVW�XVDJH�RI
+DGRRS�DW�/DVW�IP�DQG�LOOXVWUDWHV�WKH�SRZHU�DQG�IOH[LELOLW\�WKDW�+DGRRS�SURYLGHV�RYHU
RWKHU�DSSURDFKHV�ZKHQ�ZRUNLQJ�ZLWK�YHU\�ODUJH�GDWDVHWV�

Generating Charts with Hadoop
/DVW�IP�XVHV�XVHU�JHQHUDWHG�WUDFN� OLVWHQLQJ�GDWD� WR�SURGXFH�PDQ\�GLIIHUHQW� W\SHV�RI
FKDUWV��VXFK�DV�ZHHNO\�FKDUWV�IRU�WUDFNV��SHU�FRXQWU\�DQG�SHU�XVHU��$�QXPEHU�RI�+DGRRS
SURJUDPV�DUH�XVHG�WR�SURFHVV�WKH�OLVWHQLQJ�GDWD�DQG�JHQHUDWH�WKHVH�FKDUWV��DQG�WKHVH
UXQ�RQ�D�GDLO\��ZHHNO\��RU�PRQWKO\�EDVLV��)LJXUH������VKRZV�DQ�H[DPSOH�RI�KRZ�WKLV
GDWD�LV�GLVSOD\HG�RQ�WKH�VLWH��LQ�WKLV�FDVH��WKH�ZHHNO\�WRS�WUDFNV�

)LJXUH�������/DVW�IP�WRS�WUDFNV�FKDUW
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/LVWHQLQJ�GDWD�W\SLFDOO\�DUULYHV�DW�/DVW�IP�IURP�RQH�RI�WZR�VRXUFHV�

� $�XVHU�SOD\V�D�WUDFN�RI�KLV�RZQ��H�J��� OLVWHQLQJ�WR�DQ�03��ILOH�RQ�D�3&�RU�RWKHU
GHYLFH���DQG�WKLV� LQIRUPDWLRQ�LV�VHQW�WR�/DVW�IP�XVLQJ�HLWKHU�WKH�RIILFLDO�/DVW�IP
FOLHQW�DSSOLFDWLRQ�RU�RQH�RI�PDQ\�KXQGUHGV�RI�WKLUG�SDUW\�DSSOLFDWLRQV�

� $�XVHU�WXQHV�LQWR�RQH�RI�/DVW�IP¦V�,QWHUQHW�UDGLR�VWDWLRQV�DQG�VWUHDPV�D�VRQJ�WR�KLV
FRPSXWHU��7KH�/DVW�IP�SOD\HU�RU�ZHEVLWH�FDQ�EH�XVHG�WR�DFFHVV�WKHVH�VWUHDPV�DQG
H[WUD�IXQFWLRQDOLW\�LV�PDGH�DYDLODEOH�WR�WKH�XVHU��DOORZLQJ�KLP�WR�ORYH��VNLS��RU�EDQ
HDFK�WUDFN�WKDW�KH�OLVWHQV�WR�

:KHQ�SURFHVVLQJ�WKH�UHFHLYHG�GDWD��ZH�GLVWLQJXLVK�EHWZHHQ�D�WUDFN�OLVWHQ�VXEPLWWHG�E\
D�XVHU��WKH�ILUVW�VRXUFH�LQ�WKH�SUHYLRXV�OLVW��UHIHUUHG�WR�DV�D�VFUREEOH�IURP�KHUH�RQ��DQG
D�WUDFN�OLVWHQHG�WR�RQ�WKH�/DVW�IP�UDGLR��WKH�VHFRQG�VRXUFH��PHQWLRQHG�HDUOLHU��UHIHUUHG
WR�DV�D�UDGLR�OLVWHQ�IURP�KHUH�RQ���7KLV�GLVWLQFWLRQ�LV�YHU\�LPSRUWDQW�LQ�RUGHU�WR�SUHYHQW
D�IHHGEDFN�ORRS�LQ�WKH�/DVW�IP�UHFRPPHQGDWLRQ�V\VWHP��ZKLFK�LV�EDVHG�RQO\�RQ�VFURE�
EOHV��2QH�RI�WKH�PRVW�IXQGDPHQWDO�+DGRRS�MREV�DW�/DVW�IP�WDNHV�WKH�LQFRPLQJ�OLVWHQLQJ
GDWD�DQG�VXPPDUL]HV� LW� LQWR�D� IRUPDW� WKDW�FDQ�EH�XVHG� IRU�GLVSOD\�SXUSRVHV�RQ� WKH
/DVW�IP�ZHEVLWH�DV�ZHOO�DV�IRU�LQSXW�WR�RWKHU�+DGRRS�SURJUDPV��7KLV�LV�DFKLHYHG�E\�WKH
7UDFN�6WDWLVWLFV�SURJUDP��ZKLFK�LV�WKH�H[DPSOH�GHVFULEHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

The Track Statistics Program
:KHQ� WUDFN� OLVWHQLQJ� GDWD� LV� VXEPLWWHG� WR� /DVW�IP�� LW� XQGHUJRHV� D� YDOLGDWLRQ� DQG
FRQYHUVLRQ�SKDVH�� WKH�HQG� UHVXOW�RI�ZKLFK� LV�D�QXPEHU�RI� VSDFH�GHOLPLWHG� WH[W� ILOHV
FRQWDLQLQJ�WKH�XVHU�,'��WKH�WUDFN�,'��WKH�QXPEHU�RI�WLPHV�WKH�WUDFN�ZDV�VFUREEOHG��WKH
QXPEHU�RI�WLPHV�WKH�WUDFN�ZDV�OLVWHQHG�WR�RQ�WKH�UDGLR��DQG�WKH�QXPEHU�RI�WLPHV�LW�ZDV
VNLSSHG��7DEOH������ FRQWDLQV� VDPSOH� OLVWHQLQJ�GDWD��ZKLFK� LV�XVHG� LQ� WKH� IROORZLQJ
H[DPSOHV�DV�LQSXW�WR�WKH�7UDFN�6WDWLVWLFV�SURJUDP��WKH�UHDO�GDWD�LV�JLJDE\WHV�LQ�VL]H�DQG
LQFOXGHV�PDQ\�PRUH�ILHOGV�WKDW�KDYH�EHHQ�RPLWWHG�KHUH�IRU�VLPSOLFLW\¦V�VDNH��

7DEOH�������/LVWHQLQJ�GDWD

UserId TrackId Scrobble Radio Skip

111115 222 0 1 0

111113 225 1 0 0

111117 223 0 1 1

111115 225 1 0 0

7KHVH�WH[W�ILOHV�DUH�WKH�LQLWLDO�LQSXW�SURYLGHG�WR�WKH�7UDFN�6WDWLVWLFV�SURJUDP��ZKLFK
FRQVLVWV�RI�WZR�MREV�WKDW�FDOFXODWH�YDULRXV�YDOXHV�IURP�WKLV�GDWD�DQG�D�WKLUG�MRE�WKDW
PHUJHV�WKH�UHVXOWV��VHH�)LJXUH�������

7KH�8QLTXH�/LVWHQHUV�MRE�FDOFXODWHV�WKH�WRWDO�QXPEHU�RI�XQLTXH�OLVWHQHUV�IRU�D�WUDFN�E\
FRXQWLQJ�WKH�ILUVW�OLVWHQ�E\�D�XVHU�DQG�LJQRULQJ�DOO�RWKHU�OLVWHQV�E\�WKH�VDPH�XVHU��7KH
6XP�MRE�DFFXPXODWHV�WKH�WRWDO�OLVWHQV��VFUREEOHV��UDGLR�OLVWHQV��DQG�VNLSV�IRU�HDFK�WUDFN
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E\�FRXQWLQJ�WKHVH�YDOXHV�IRU�DOO�OLVWHQV�E\�DOO�XVHUV��$OWKRXJK�WKH�LQSXW�IRUPDW�RI�WKHVH
WZR�MREV�LV�LGHQWLFDO��WZR�VHSDUDWH�MREV�DUH�QHHGHG��DV�WKH�8QLTXH�/LVWHQHUV�MRE�LV�UH�
VSRQVLEOH�IRU�HPLWWLQJ�YDOXHV�SHU�WUDFN�SHU�XVHU��DQG�WKH�6XP�MRE�HPLWV�YDOXHV�SHU�WUDFN�
7KH�ILQDO�0HUJH�MRE�LV�UHVSRQVLEOH�IRU�PHUJLQJ�WKH�LQWHUPHGLDWH�RXWSXW�RI�WKH�WZR�RWKHU
MREV� LQWR�WKH� ILQDO� UHVXOW��7KH�HQG�UHVXOWV�RI� UXQQLQJ�WKH�SURJUDP�DUH� WKH� IROORZLQJ
YDOXHV�SHU�WUDFN�

� 1XPEHU�RI�XQLTXH�OLVWHQHUV

� 1XPEHU�RI�WLPHV�WKH�WUDFN�ZDV�VFUREEOHG

� 1XPEHU�RI�WLPHV�WKH�WUDFN�ZDV�OLVWHQHG�WR�RQ�WKH�UDGLR

� 1XPEHU�RI�WLPHV�WKH�WUDFN�ZDV�OLVWHQHG�WR�LQ�WRWDO

� 1XPEHU�RI�WLPHV�WKH�WUDFN�ZDV�VNLSSHG�RQ�WKH�UDGLR

(DFK�MRE�DQG�LWV�0DS5HGXFH�SKDVHV�DUH�GHVFULEHG�LQ�PRUH�GHWDLO�QH[W��3OHDVH�QRWH�WKDW
WKH�SURYLGHG�FRGH�VQLSSHWV�KDYH�EHHQ�VLPSOLILHG�GXH�WR�VSDFH�FRQVWUDLQWV��IRU�GRZQORDG
GHWDLOV�IRU�WKH�IXOO�FRGH�OLVWLQJV��UHIHU�WR�WKH�3UHIDFH�

Calculating the number of unique listeners
7KH�8QLTXH�/LVWHQHUV�MRE�FDOFXODWHV��SHU�WUDFN��WKH�QXPEHU�RI�XQLTXH�OLVWHQHUV�

7KH�UniqueListenersMapper�SURFHVVHV�WKH�VSDFH�GHOLPLWHG�UDZ�OLV�
WHQLQJ�GDWD�DQG�HPLWV�WKH�XVHU�,'�DVVRFLDWHG�ZLWK�HDFK�WUDFN�,'�

public void map(LongWritable position, Text rawLine, OutputCollector<IntWritable, 
    IntWritable> output, Reporter reporter) throws IOException {

  String[] parts = (rawLine.toString()).split(" ");

UniqueListenersMapper.

)LJXUH�������7UDFN6WDWV�MREV
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  int scrobbles = Integer.parseInt(parts[TrackStatisticsProgram.COL_SCROBBLES]);
  int radioListens = Integer.parseInt(parts[TrackStatisticsProgram.COL_RADIO]);
  // if track somehow is marked with zero plays - ignore
  if (scrobbles <= 0 && radioListens <= 0) {
    return;
  }
  // if we get to here then user has listened to track, 
  // so output user id against track id
  IntWritable trackId = new IntWritable(
    Integer.parseInt(parts[TrackStatisticsProgram.COL_TRACKID]));
  IntWritable userId = new IntWritable(
    Integer.parseInt(parts[TrackStatisticsProgram.COL_USERID]));
  output.collect(trackId, userId);
}

7KH�UniqueListenersReducers�UHFHLYHV�D�OLVW�RI�XVHU�,'V�SHU�WUDFN
,'�DQG�SXWV�WKHVH�,'V�LQWR�D�Set�WR�UHPRYH�DQ\�GXSOLFDWHV��7KH�VL]H�RI�WKLV�VHW�LV�WKHQ
HPLWWHG��L�H���WKH�QXPEHU�RI�XQLTXH�OLVWHQHUV��IRU�HDFK�WUDFN�,'��6WRULQJ�DOO�WKH�UHGXFH
YDOXHV�LQ�D�Set�UXQV�WKH�ULVN�RI�UXQQLQJ�RXW�RI�PHPRU\�LI�WKHUH�DUH�PDQ\�YDOXHV�IRU�D
FHUWDLQ� NH\�� 7KLV� KDVQ¦W� KDSSHQHG� LQ� SUDFWLFH�� EXW� WR� RYHUFRPH� WKLV�� DQ� H[WUD
0DS5HGXFH�VWHS�FRXOG�EH�LQWURGXFHG�WR�UHPRYH�DOO�WKH�GXSOLFDWH�YDOXHV��RU�D�VHFRQGDU\
VRUW�FRXOG�EH�XVHG��IRU�PRUH�GHWDLOV��VHH�£6HFRQGDU\�6RUW¤�RQ�SDJH������

public void reduce(IntWritable trackId, Iterator<IntWritable> values, 
    OutputCollector<IntWritable, IntWritable> output, Reporter reporter) 
    throws IOException {
  
  Set<Integer> userIds = new HashSet<Integer>();
  // add all userIds to the set, duplicates automatically removed (set contract)
  while (values.hasNext()) {
    IntWritable userId = values.next();
    userIds.add(Integer.valueOf(userId.get()));
  }
  // output trackId -> number of unique listeners per track
  output.collect(trackId, new IntWritable(userIds.size()));
}

7DEOH������VKRZV�WKH�VDPSOH�LQSXW�GDWD�IRU�WKH�MRE��7KH�PDS�RXWSXW�DSSHDUV�LQ�7D�
EOH������DQG�WKH�UHGXFH�RXWSXW�LQ�7DEOH������

7DEOH�������-RE�LQSXW

Line of file UserId TrackId Scrobbled Radio play Skip

LongWritable IntWritable IntWritable Boolean Boolean Boolean

0 11115 222 0 1 0

1 11113 225 1 0 0

2 11117 223 0 1 1

3 11115 225 1 0 0

UniqueListenersReducer.
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7DEOH�������0DSSHU�RXWSXW

TrackId UserId

IntWritable IntWritable

222 11115

225 11113

223 11117

225 11115

7DEOH�������5HGXFHU�RXWSXW

TrackId #listeners

IntWritable IntWritable

222 1

225 2

223 1

Summing the track totals
7KH�6XP�MRE�LV�UHODWLYHO\�VLPSOH��LW�MXVW�DGGV�XS�WKH�YDOXHV�ZH�DUH�LQWHUHVWHG�LQ�IRU�HDFK
WUDFN�

7KH�LQSXW�GDWD�LV�DJDLQ�WKH�UDZ�WH[W�ILOHV��EXW�LQ�WKLV�FDVH��LW�LV�KDQGOHG�TXLWH
GLIIHUHQWO\��7KH�GHVLUHG�HQG�UHVXOW�LV�D�QXPEHU�RI�WRWDOV��XQLTXH�OLVWHQHU�FRXQW��SOD\
FRXQW��VFUREEOH�FRXQW��UDGLR�OLVWHQ�FRXQW��VNLS�FRXQW��DVVRFLDWHG�ZLWK�HDFK�WUDFN��7R
VLPSOLI\� WKLQJV��ZH�XVH� DQ� LQWHUPHGLDWH�TrackStats� REMHFW� JHQHUDWHG�XVLQJ�+DGRRS
5HFRUG�,�2��ZKLFK�LPSOHPHQWV�WritableComparable��VR�LW�FDQ�EH�XVHG�DV�RXWSXW��WR�KROG
WKHVH�YDOXHV��7KH�0DSSHU�FUHDWHV�D�TrackStats�REMHFW�DQG�VHWV�WKH�YDOXHV�RQ�LW�IRU�HDFK
OLQH�LQ�WKH�ILOH��H[FHSW�IRU�WKH�XQLTXH�OLVWHQHU�FRXQW��ZKLFK�LV�OHIW�HPSW\��LW�ZLOO�EH�ILOOHG
LQ�E\�WKH�ILQDO�PHUJH�MRE��

public void map(LongWritable position, Text rawLine, 
    OutputCollector<IntWritable, TrackStats> output, Reporter reporter)
    throws IOException {
    
  String[] parts = (rawLine.toString()).split(" ");
  int trackId = Integer.parseInt(parts[TrackStatisticsProgram.COL_TRACKID]);
  int scrobbles = Integer.parseInt(parts[TrackStatisticsProgram.COL_SCROBBLES]);
  int radio = Integer.parseInt(parts[TrackStatisticsProgram.COL_RADIO]);
  int skip = Integer.parseInt(parts[TrackStatisticsProgram.COL_SKIP]);
  // set number of listeners to 0 (this is calculated later) 
  // and other values as provided in text file
  TrackStats trackstat = new TrackStats(0, scrobbles + radio, scrobbles, radio, skip);
  output.collect(new IntWritable(trackId), trackstat);
}

SumMapper.
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,Q�WKLV�FDVH��WKH�UHGXFHU�SHUIRUPV�D�YHU\�VLPLODU�IXQFWLRQ�WR�WKH�0DSSHU�
VXPPLQJ�WKH�VWDWLVWLFV�SHU�WUDFN�DQG�UHWXUQLQJ�DQ�RYHUDOO�WRWDO�

public void reduce(IntWritable trackId, Iterator<TrackStats> values,
    OutputCollector<IntWritable, TrackStats> output, Reporter reporter)
    throws IOException {

  TrackStats sum = new TrackStats(); // holds the totals for this track
  while (values.hasNext()) {
    TrackStats trackStats = (TrackStats) values.next();
    sum.setListeners(sum.getListeners() + trackStats.getListeners());
    sum.setPlays(sum.getPlays() + trackStats.getPlays());
    sum.setSkips(sum.getSkips() + trackStats.getSkips());
    sum.setScrobbles(sum.getScrobbles() + trackStats.getScrobbles());
    sum.setRadioPlays(sum.getRadioPlays() + trackStats.getRadioPlays());
  }
  output.collect(trackId, sum);
}

7DEOH������VKRZV�WKH�LQSXW�GDWD�IRU�WKH�MRE��WKH�VDPH�DV�IRU�WKH�8QLTXH�/LVWHQHUV�MRE��
7KH�PDS�RXWSXW�DSSHDUV�LQ�7DEOH������DQG�WKH�UHGXFH�RXWSXW�LQ�7DEOH������

7DEOH�������-RE�LQSXW

Line UserId TrackId Scrobbled Radio play Skip

LongWritable IntWritable IntWritable Boolean Boolean Boolean

0 11115 222 0 1 0

1 11113 225 1 0 0

2 11117 223 0 1 1

3 11115 225 1 0 0

7DEOH�������0DS�RXWSXW

TrackId #listeners #plays #scrobbles #radio plays #skips

IntWritable IntWritable IntWritable IntWritable IntWritable IntWritable

222 0 1 0 1 0

225 0 1 1 0 0

223 0 1 0 1 1

225 0 1 1 0 0

7DEOH�������5HGXFH�RXWSXW

TrackId #listeners #plays #scrobbles #radio plays #skips

IntWritable IntWritable IntWritable IntWritable IntWritable IntWritable

222 0 1 0 1 0

225 0 2 2 0 0

223 0 1 0 1 1

SumReducer.
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Merging the results
7KH�ILQDO�MRE�QHHGV�WR�PHUJH�WKH�RXWSXW�IURP�WKH�WZR�SUHYLRXV�MREV��WKH�QXPEHU�RI
XQLTXH�OLVWHQHUV�SHU�WUDFN�DQG�WKH�VWDWLVWLFV�SHU�WUDFN��,Q�RUGHU�WR�PHUJH�WKHVH�GLIIHUHQW
LQSXWV��WZR�GLIIHUHQW�PDSSHUV��RQH�IRU�HDFK�W\SH�RI� LQSXW��DUH�XVHG��7KH�WZR�LQWHU�
PHGLDWH� MREV� DUH� FRQILJXUHG� WR� ZULWH� WKHLU� UHVXOWV� WR� GLIIHUHQW� SDWKV�� DQG� WKH�
MultipleInputs� FODVV� LV�XVHG� WR�VSHFLI\�ZKLFK�0DSSHU�ZLOO�SURFHVV�ZKLFK� ILOHV��7KH
IROORZLQJ�FRGH�VKRZV�KRZ�WKH�JobConf�IRU�WKH�MRE�LV�VHW�XS�WR�GR�WKLV�

MultipleInputs.addInputPath(conf, sumInputDir,
  SequenceFileInputFormat.class, IdentityMapper.class);

MultipleInputs.addInputPath(conf, listenersInputDir, 
    SequenceFileInputFormat.class, MergeListenersMapper.class);

,W�LV�SRVVLEOH�WR�XVH�D�VLQJOH�0DSSHU�WR�KDQGOH�GLIIHUHQW�LQSXWV��EXW�WKH�H[DPSOH�VROXWLRQ
LV�PRUH�FRQYHQLHQW�DQG�HOHJDQW�

7KLV�0DSSHU�LV�XVHG�WR�SURFHVV�WKH�UniqueListenerJob¦V�RXWSXW�RI
XQLTXH�OLVWHQHUV�SHU�WUDFN��,W�FUHDWHV�D�TrackStats�REMHFW�LQ�D�VLPLODU�PDQQHU�WR�WKH�
SumMapper��EXW�WKLV�WLPH��LW�ILOOV�LQ�RQO\�WKH�XQLTXH�OLVWHQHU�FRXQW�SHU�WUDFN�DQG�OHDYHV
WKH�RWKHU�YDOXHV�HPSW\�

public void map(IntWritable trackId, IntWritable uniqueListenerCount,
    OutputCollector<IntWritable, TrackStats> output, Reporter reporter)
    throws IOException {  
  TrackStats trackStats = new TrackStats();
  trackStats.setListeners(uniqueListenerCount.get());
  output.collect(trackId, trackStats);
}

7DEOH������VKRZV�VRPH�LQSXW�IRU�WKH�0DSSHU��WKH�FRUUHVSRQGLQJ�RXWSXW�LV�VKRZQ�LQ
7DEOH������

7DEOH�������0HUJH/LVWHQHUV0DSSHU�LQSXW

TrackId #listeners

IntWritable IntWritable

222 1

225 2

223 1

7DEOH�������0HUJH/LVWHQHUV0DSSHU�RXWSXW

TrackId #listeners #plays #scrobbles #radio #skips

222 1 0 0 0 0

225 2 0 0 0 0

223 1 0 0 0 0

MergeListenersMapper.
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7KH� IdentityMapper� LV� FRQILJXUHG� WR� SURFHVV� WKH� SumJob¦V� RXWSXW� RI
TrackStats�REMHFWV�DQG��DV�QR�DGGLWLRQDO�SURFHVVLQJ�LV�UHTXLUHG��GLUHFWO\�HPLWV�WKH�LQSXW
GDWD��VHH�7DEOH��������

7DEOH��������,GHQWLW\0DSSHU�LQSXW�DQG�RXWSXW

TrackId #listeners #plays #scrobbles #radio #skips

IntWritable IntWritable IntWritable IntWritable IntWritable IntWritable

222 0 1 0 1 0

225 0 2 2 0 0

223 0 1 0 1 1

7KH�WZR�0DSSHUV�HPLW�YDOXHV�RI�WKH�VDPH�W\SH��D�TrackStats�REMHFW�SHU
WUDFN��ZLWK�GLIIHUHQW�YDOXHV�ILOOHG�LQ��7KH�ILQDO�UHGXFH�SKDVH�FDQ�UHXVH�WKH�SumReducer
GHVFULEHG�HDUOLHU�WR�FUHDWH�D�TrackStats�REMHFW�SHU�WUDFN��VXP�XS�DOO�WKH�YDOXHV��DQG�HPLW
LW��VHH�7DEOH��������

7DEOH��������)LQDO�6XP5HGXFHU�RXWSXW

TrackId #listeners #plays #scrobbles #radio #skips

IntWritable IntWritable IntWritable IntWritable IntWritable IntWritable

222 1 1 0 1 0

225 2 2 2 0 0

223 1 1 0 1 1

7KH�ILQDO�RXWSXW�ILOHV�DUH�WKHQ�DFFXPXODWHG�DQG�FRSLHG�WR�D�VHUYHU��ZKHUH�D�ZHE�VHUYLFH
PDNHV�WKH�GDWD�DYDLODEOH�WR�WKH�/DVW�IP�ZHEVLWH�IRU�GLVSOD\��$Q�H[DPSOH�RI�WKLV�LV�VKRZQ
LQ�)LJXUH�������ZKHUH�WKH�WRWDO�QXPEHU�RI�OLVWHQHUV�DQG�SOD\V�DUH�GLVSOD\HG�IRU�D�WUDFN�

)LJXUH�������7UDFN6WDWV�UHVXOW

IdentityMapper.

SumReducer.
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Summary
+DGRRS�KDV�EHFRPH�DQ�HVVHQWLDO�SDUW�RI�/DVW�IP¦V�LQIUDVWUXFWXUH�DQG�LV�XVHG�WR�JHQHUDWH
DQG�SURFHVV�D�ZLGH�YDULHW\�RI�GDWDVHWV�UDQJLQJ�IURP�ZHE�ORJV�WR�XVHU�OLVWHQLQJ�GDWD��7KH
H[DPSOH�FRYHUHG�KHUH�KDV�EHHQ�VLPSOLILHG�FRQVLGHUDEO\�LQ�RUGHU�WR�JHW�WKH�NH\�FRQFHSWV
DFURVV��LQ�UHDO�ZRUOG�XVDJH��WKH�LQSXW�GDWD�KDV�D�PRUH�FRPSOLFDWHG�VWUXFWXUH�DQG�WKH
FRGH�WKDW�SURFHVVHV�LW� LV�PRUH�FRPSOH[��+DGRRS�LWVHOI��DOWKRXJK�PDWXUH�HQRXJK�IRU
SURGXFWLRQ�XVH��LV�VWLOO�LQ�DFWLYH�GHYHORSPHQW��DQG�QHZ�IHDWXUHV�DQG�LPSURYHPHQWV�DUH
DGGHG�E\�WKH�+DGRRS�FRPPXQLW\�HYHU\�ZHHN��:H�DW�/DVW�IP�DUH�KDSS\�WR�EH�SDUW�RI
WKLV�FRPPXQLW\�DV�D�FRQWULEXWRU�RI�FRGH�DQG�LGHDV��DQG�DV�HQG�XVHUV�RI�D�JUHDW�SLHFH�RI
RSHQ�VRXUFH�WHFKQRORJ\�

¢$GULDQ�:RRGKHDG�DQG�0DUF�GH�3DORO

Hadoop and Hive at Facebook
+DGRRS�FDQ�EH�XVHG�WR�IRUP�FRUH�EDFNHQG�EDWFK�DQG�QHDU�UHDO�WLPH�FRPSXWLQJ�LQIUD�
VWUXFWXUHV��,W�FDQ�DOVR�EH�XVHG�WR�VWRUH�DQG�DUFKLYH�PDVVLYH�GDWDVHWV��,Q�WKLV�FDVH�VWXG\�
ZH�ZLOO�H[SORUH�EDFNHQG�GDWD�DUFKLWHFWXUHV�DQG�WKH�UROH�+DGRRS�FDQ�SOD\�LQ�WKHP��:H
ZLOO�GHVFULEH�K\SRWKHWLFDO�+DGRRS�FRQILJXUDWLRQV��SRWHQWLDO�XVHV�RI�+LYH¢DQ�RSHQ
VRXUFH�GDWD�ZDUHKRXVLQJ�DQG�64/� LQIUDVWUXFWXUH�EXLOW�RQ� WRS�RI�+DGRRS¢DQG�WKH
GLIIHUHQW�NLQGV�RI�EXVLQHVV�DQG�SURGXFW�DSSOLFDWLRQV�WKDW�KDYH�EHHQ�EXLOW�XVLQJ�WKLV
LQIUDVWUXFWXUH�

Hadoop at Facebook

History
7KH�DPRXQW�RI�ORJ�DQG�GLPHQVLRQ�GDWD�LQ�)DFHERRN�WKDW�QHHGV�WR�EH�SURFHVVHG�DQG
VWRUHG�KDV�H[SORGHG�DV�WKH�XVDJH�RI�WKH�VLWH�KDV�LQFUHDVHG��$�NH\�UHTXLUHPHQW�IRU�DQ\
GDWD�SURFHVVLQJ�SODWIRUP�IRU�WKLV�HQYLURQPHQW�LV�WKH�DELOLW\�WR�VFDOH�UDSLGO\��)XUWKHU�
ZLWK�OLPLWHG�HQJLQHHULQJ�UHVRXUFHV��WKH�V\VWHP�VKRXOG�EH�YHU\�UHOLDEOH�DQG�HDV\�WR�XVH
DQG�PDLQWDLQ�

,QLWLDOO\��GDWD�ZDUHKRXVLQJ�DW�)DFHERRN�ZDV�SHUIRUPHG�HQWLUHO\�RQ�DQ�2UDFOH�LQVWDQFH�
$IWHU�ZH�VWDUWHG�KLWWLQJ�VFDODELOLW\�DQG�SHUIRUPDQFH�SUREOHPV��ZH�LQYHVWLJDWHG�ZKHWKHU
WKHUH�ZHUH�RSHQ�VRXUFH�WHFKQRORJLHV�WKDW�FRXOG�EH�XVHG�LQ�RXU�HQYLURQPHQW��$V�SDUW�RI
WKLV� LQYHVWLJDWLRQ��ZH�GHSOR\HG�D�UHODWLYHO\�VPDOO�+DGRRS�LQVWDQFH�DQG�VWDUWHG�SXE�
OLVKLQJ�VRPH�RI�RXU�FRUH�GDWDVHWV� LQWR�WKLV� LQVWDQFH��+DGRRS�ZDV�DWWUDFWLYH�EHFDXVH
<DKRR��ZDV�XVLQJ� LW� LQWHUQDOO\� IRU� LWV�EDWFK�SURFHVVLQJ�QHHGV� DQG�EHFDXVH�ZH�ZHUH
IDPLOLDU�ZLWK�WKH�VLPSOLFLW\�DQG�VFDODELOLW\�RI�WKH�0DS5HGXFH�PRGHO�DV�SRSXODUL]HG�E\
*RRJOH�

2XU� LQLWLDO�SURWRW\SH�ZDV�YHU\�VXFFHVVIXO�� WKH�HQJLQHHUV� ORYHG�WKH�DELOLW\�WR�SURFHVV
PDVVLYH�DPRXQWV�RI�GDWD�LQ�UHDVRQDEOH�WLPHIUDPHV��DQ�DELOLW\�WKDW�ZH�MXVW�GLG�QRW�KDYH
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EHIRUH��7KH\�DOVR�ORYHG�EHLQJ�DEOH�WR�XVH�WKHLU�IDYRULWH�SURJUDPPLQJ�ODQJXDJH�IRU�SUR�
FHVVLQJ� �XVLQJ� +DGRRS� VWUHDPLQJ��� +DYLQJ� RXU� FRUH� GDWDVHWV� SXEOLVKHG� LQ� RQH
FHQWUDOL]HG�GDWD�VWRUH�ZDV�DOVR�YHU\�FRQYHQLHQW��$W�DURXQG�WKH�VDPH�WLPH��ZH�VWDUWHG
GHYHORSLQJ�+LYH��7KLV�PDGH�LW�HYHQ�HDVLHU�IRU�XVHUV�WR�SURFHVV�GDWD�LQ�WKH�+DGRRS�FOXVWHU
E\�EHLQJ�DEOH�WR�H[SUHVV�FRPPRQ�FRPSXWDWLRQV�LQ�WKH�IRUP�RI�64/��D�ODQJXDJH�ZLWK
ZKLFK�PRVW�HQJLQHHUV�DQG�DQDO\VWV�DUH�IDPLOLDU�

$V�D�UHVXOW��WKH�FOXVWHU�VL]H�DQG�XVDJH�JUHZ�E\�OHDSV�DQG�ERXQGV��DQG�WRGD\�)DFHERRN
LV�UXQQLQJ�WKH�VHFRQG�ODUJHVW�+DGRRS�FOXVWHU�LQ�WKH�ZRUOG��$V�RI�WKLV�ZULWLQJ��ZH�KROG
PRUH�WKDQ���3%�RI�GDWD�LQ�+DGRRS�DQG�ORDG�PRUH�WKDQ����7%�RI�GDWD�LQWR�LW�HYHU\�GD\�
2XU�+DGRRS�LQVWDQFH�KDV�������FRUHV�DQG�DERXW���7%�RI�PHPRU\��DQG�UXQV�DW�����
XWLOL]DWLRQ�DW�PDQ\�SRLQWV�GXULQJ�WKH�GD\��:H�DUH�DEOH�WR�VFDOH�RXW�WKLV�FOXVWHU�UDSLGO\
LQ�UHVSRQVH�WR�RXU�JURZWK��DQG�ZH�KDYH�EHHQ�DEOH�WR�WDNH�DGYDQWDJH�RI�RSHQ�VRXUFH�E\
PRGLI\LQJ�+DGRRS�ZKHUH�UHTXLUHG�WR�VXLW�RXU�QHHGV��:H�KDYH�FRQWULEXWHG�EDFN�WR�RSHQ
VRXUFH��ERWK�LQ�WKH�IRUP�RI�FRQWULEXWLRQV�WR�VRPH�FRUH�FRPSRQHQWV�RI�+DGRRS�DV�ZHOO
DV�E\�RSHQ�VRXUFLQJ�+LYH��ZKLFK�LV�QRZ�D�+DGRRS�WRS�OHYHO�SURMHFW�

Use cases
7KHUH�DUH�DW�OHDVW�IRXU�LQWHUUHODWHG�EXW�GLVWLQFW�FODVVHV�RI�XVHV�IRU�+DGRRS�DW�)DFHERRN�

� 3URGXFLQJ�GDLO\�DQG�KRXUO\�VXPPDULHV�RYHU�ODUJH�DPRXQWV�RI�GDWD��7KHVH�VXPPD�
ULHV�DUH�XVHG�IRU�D�QXPEHU�RI�GLIIHUHQW�SXUSRVHV�ZLWKLQ�WKH�FRPSDQ\�

¢5HSRUWV�EDVHG�RQ�WKHVH�VXPPDULHV�DUH�XVHG�E\�HQJLQHHULQJ�DQG�QRQHQJLQHHULQJ
IXQFWLRQDO�WHDPV�WR�GULYH�SURGXFW�GHFLVLRQV��7KHVH�VXPPDULHV�LQFOXGH�UHSRUWV
RQ�JURZWK�RI�WKH�XVHUV��SDJH�YLHZV��DQG�DYHUDJH�WLPH�VSHQW�RQ�WKH�VLWH�E\�WKH
XVHUV�

¢3URYLGLQJ�SHUIRUPDQFH�QXPEHUV�DERXW�DGYHUWLVHPHQW�FDPSDLJQV�WKDW�DUH�UXQ
RQ�)DFHERRN�

¢%DFNHQG�SURFHVVLQJ�IRU�VLWH�IHDWXUHV�VXFK�DV�SHRSOH�\RX�PD\�OLNH�DQG�DSSOLFD�
WLRQV�\RX�PD\�OLNH�

� 5XQQLQJ�DG�KRF�MREV�RYHU�KLVWRULFDO�GDWD��7KHVH�DQDO\VHV�KHOS�DQVZHU�TXHVWLRQV
IURP�RXU�SURGXFW�JURXSV�DQG�H[HFXWLYH�WHDP�

� $V�D�GH�IDFWR�ORQJ�WHUP�DUFKLYDO�VWRUH�IRU�RXU�ORJ�GDWDVHWV�

� 7R� ORRN� XS� ORJ� HYHQWV� E\� VSHFLILF� DWWULEXWHV� �ZKHUH� ORJV� DUH� LQGH[HG� E\� VXFK
DWWULEXWHV���ZKLFK�LV�XVHG�WR�PDLQWDLQ�WKH�LQWHJULW\�RI�WKH�VLWH�DQG�SURWHFW�XVHUV
DJDLQVW�VSDPERWV�

Data architecture
)LJXUH������VKRZV�WKH�EDVLF�FRPSRQHQWV�RI�RXU�DUFKLWHFWXUH�DQG�WKH�GDWD�IORZ�ZLWKLQ
WKHVH�FRPSRQHQWV�
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$V�VKRZQ�LQ�)LJXUH�������WKH�IROORZLQJ�FRPSRQHQWV�DUH�XVHG�LQ�SURFHVVLQJ�GDWD�

6FULEH
/RJ�GDWD�LV�JHQHUDWHG�E\�ZHE�VHUYHUV�DV�ZHOO�DV�LQWHUQDO�VHUYLFHV�VXFK�DV�WKH�6HDUFK
EDFNHQG��:H�XVH�6FULEH��DQ�RSHQ�VRXUFH�ORJ�FROOHFWLRQ�VHUYLFH�GHYHORSHG�LQ�)DFH�
ERRN�WKDW�GHSRVLWV�KXQGUHGV�RI� ORJ�GDWDVHWV�ZLWK�D�GDLO\�YROXPH� LQ� WKH� WHQV�RI
WHUDE\WHV�LQWR�D�KDQGIXO�RI�1)6�VHUYHUV�

+')6
$�ODUJH�IUDFWLRQ�RI�WKLV�ORJ�GDWD�LV�FRSLHG�LQWR�RQH�FHQWUDO�+')6�LQVWDQFH��'LPHQ�
VLRQ�GDWD�LV�DOVR�VFUDSHG�IURP�RXU�LQWHUQDO�0\64/�GDWDEDVHV�DQG�FRSLHG�RYHU�LQWR
+')6�GDLO\�

+LYH�+DGRRS
:H�XVH�+LYH��D�+DGRRS�VXESURMHFW�GHYHORSHG�LQ�)DFHERRN��WR�EXLOG�D�GDWD�ZDUH�
KRXVH�RYHU�DOO�WKH�GDWD�FROOHFWHG�LQ�+')6��)LOHV�LQ�+')6��LQFOXGLQJ�ORJ�GDWD�IURP
6FULEH�DQG�GLPHQVLRQ�GDWD�IURP�WKH�0\64/�WLHU��DUH�PDGH�DYDLODEOH�DV�WDEOHV�ZLWK
ORJLFDO�SDUWLWLRQV��$�64/�OLNH�TXHU\�ODQJXDJH�SURYLGHG�E\�+LYH�LV�XVHG�LQ�FRQMXQF�
WLRQ�ZLWK�0DS5HGXFH�WR�FUHDWH�SXEOLVK�D�YDULHW\�RI�VXPPDULHV�DQG�UHSRUWV��DV�ZHOO
DV�WR�SHUIRUP�KLVWRULFDO�DQDO\VLV�RYHU�WKHVH�WDEOHV�

7RROV
%URZVHU�EDVHG�LQWHUIDFHV�EXLOW�RQ�WRS�RI�+LYH�DOORZ�XVHUV�WR�FRPSRVH�DQG�ODXQFK
+LYH�TXHULHV��ZKLFK�LQ�WXUQ�ODXQFK�0DS5HGXFH�MREV��XVLQJ�MXVW�D�IHZ�PRXVH�FOLFNV�

)LJXUH�������'DWD�ZDUHKRXVLQJ�DUFKLWHFWXUH�DW�)DFHERRN
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7UDGLWLRQDO�5'%06
:H�XVH�2UDFOH�DQG�0\64/�GDWDEDVHV�WR�SXEOLVK�WKHVH�VXPPDULHV��7KH�YROXPH�RI
GDWD�KHUH�LV�UHODWLYHO\�VPDOO��EXW�WKH�TXHU\�UDWH�LV�KLJK�DQG�QHHGV�UHDO�WLPH�UHVSRQVH�

'DWD%HH
$Q�LQ�KRXVH�([WUDFW��7UDQVIRUP��/RDG��(7/��ZRUNIORZ�VRIWZDUH�WKDW�LV�XVHG�WR
SURYLGH�D�FRPPRQ�IUDPHZRUN�IRU�UHOLDEOH�EDWFK�SURFHVVLQJ�DFURVV�DOO�GDWD�SUR�
FHVVLQJ�MREV�

'DWD� IURP� WKH�1)6� WLHU� VWRULQJ�6FULEH�GDWD� LV� FRQWLQXRXVO\� UHSOLFDWHG� WR� WKH�+')6
FOXVWHU�E\�FRSLHU�MREV��7KH�1)6�GHYLFHV�DUH�PRXQWHG�RQ�WKH�+DGRRS�WLHU��DQG�WKH�FRSLHU
SURFHVVHV�UXQ�DV�0DS�RQO\�MREV�RQ�WKH�+DGRRS�FOXVWHU��7KLV�PDNHV�LW�HDV\�WR�VFDOH�WKH
FRSLHU�SURFHVVHV�DQG�PDNHV�WKHP�IDXOW�UHVLOLHQW��&XUUHQWO\��ZH�FRS\�RYHU���7%�SHU�GD\
IURP�6FULEH�WR�+')6�LQ�WKLV�PDQQHU��:H�DOVR�GRZQORDG�XS�WR���7%�RI�GLPHQVLRQ�GDWD
IURP�RXU�0\64/�WLHU�WR�+')6�HYHU\�GD\��7KHVH�DUH�DOVR�FRQYHQLHQWO\�DUUDQJHG�RQ�WKH
+DGRRS�FOXVWHU�DV�0DS�RQO\�MREV�WKDW�FRS\�GDWD�RXW�RI�0\64/�ER[HV�

Hadoop configuration
7KH�FHQWUDO�SKLORVRSK\�EHKLQG�RXU�+DGRRS�GHSOR\PHQW�LV�FRQVROLGDWLRQ��:H�XVH�D
VLQJOH�+')6�LQVWDQFH��DQG�D�YDVW�PDMRULW\�RI�SURFHVVLQJ�LV�GRQH�LQ�D�VLQJOH�0DS5HGXFH
FOXVWHU��UXQQLQJ�D�VLQJOH�MREWUDFNHU���7KH�UHDVRQV�IRU�WKLV�DUH�IDLUO\�VWUDLJKWIRUZDUG�

� :H�FDQ�PLQLPL]H�WKH�DGPLQLVWUDWLYH�RYHUKHDGV�E\�RSHUDWLQJ�D�VLQJOH�FOXVWHU�

� 'DWD�GRHV�QRW�QHHG�WR�EH�GXSOLFDWHG��$OO�GDWD�LV�DYDLODEOH�LQ�D�VLQJOH�SODFH�IRU�DOO
WKH�XVH�FDVHV�GHVFULEHG�SUHYLRXVO\�

� %\�XVLQJ� WKH� VDPH�FRPSXWH� FOXVWHU� DFURVV� DOO�GHSDUWPHQWV��ZH�JHW� WUHPHQGRXV
HIILFLHQFLHV�

� 2XU�XVHUV�ZRUN�LQ�D�FROODERUDWLYH�HQYLURQPHQW��VR�UHTXLUHPHQWV�LQ�WHUPV�RI�TXDOLW\
RI�VHUYLFH�DUH�QRW�RQHURXV��\HW��

:H�DOVR�KDYH�D�VLQJOH�VKDUHG�+LYH�PHWDVWRUH� �XVLQJ�D�0\64/�GDWDEDVH�� WKDW�KROGV
PHWDGDWD�DERXW�DOO�WKH�+LYH�WDEOHV�VWRUHG�LQ�+')6�

Hypothetical Use Case Studies
,Q�WKLV�VHFWLRQ��ZH�ZLOO�GHVFULEH�VRPH�W\SLFDO�SUREOHPV�WKDW�DUH�FRPPRQ�IRU�ODUJH�ZHE�
VLWHV��ZKLFK�DUH�GLIILFXOW�WR�VROYH�WKURXJK�WUDGLWLRQDO�ZDUHKRXVLQJ�WHFKQRORJLHV��VLPSO\
EHFDXVH� WKH�FRVWV�DQG�VFDOHV� LQYROYHG�DUH�SURKLELWLYHO\�KLJK��+DGRRS�DQG�+LYH�FDQ
SURYLGH�D�PRUH�VFDODEOH�DQG�PRUH�FRVW�HIIHFWLYH�VROXWLRQ�LQ�VXFK�VLWXDWLRQV�

Advertiser insights and performance
2QH�RI�WKH�PRVW�FRPPRQ�XVHV�RI�+DGRRS�LV�WR�SURGXFH�VXPPDULHV�IURP�ODUJH�YROXPHV
RI�GDWD��,W�LV�YHU\�W\SLFDO�RI�ODUJH�DG�QHWZRUNV��VXFK�DV�WKH�)DFHERRN�DG�QHWZRUN��*RRJOH
$G6HQVH��DQG�PDQ\�RWKHUV��WR�SURYLGH�DGYHUWLVHUV�ZLWK�VWDQGDUG�DJJUHJDWHG�VWDWLVWLFV
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DERXW�WKHLU�DGV�WKDW�KHOS�WKH�DGYHUWLVHUV�WXQH�WKHLU�FDPSDLJQV�HIIHFWLYHO\��&RPSXWLQJ
DGYHUWLVHPHQW�SHUIRUPDQFH�QXPEHUV�RQ�ODUJH�GDWDVHWV�LV�D�YHU\�GDWD�LQWHQVLYH�RSHUD�
WLRQ��DQG�WKH�VFDODELOLW\�DQG�FRVW�DGYDQWDJHV�RI�+DGRRS�DQG�+LYH�FDQ�UHDOO\�KHOS�LQ
FRPSXWLQJ�WKHVH�QXPEHUV�LQ�D�UHDVRQDEOH�WLPH�IUDPH�DQG�DW�D�UHDVRQDEOH�FRVW�

0DQ\�DG�QHWZRUNV�SURYLGH�VWDQGDUGL]HG�&3&��DQG�&30�EDVHG�DG�XQLWV�WR�WKH�DGYHU�
WLVHUV��7KH�&3&�DGV�DUH�FRVW�SHU�FOLFN�DGV��WKH�DGYHUWLVHU�SD\V�WKH�DG�QHWZRUN�DPRXQWV
WKDW�DUH�GHSHQGHQW�RQ�WKH�QXPEHU�RI�FOLFNV�WKDW�WKH�SDUWLFXODU�DG�JHWV�IURP�WKH�XVHUV
YLVLWLQJ�WKH�VLWH��7KH�&30�DGV��VKRUW�IRU�FRVW�SHU�PLOOH��WKDW�LV��WKH�FRVW�SHU�WKRXVDQG
LPSUHVVLRQV���RQ�WKH�RWKHU�KDQG��ELOO�WKH�DGYHUWLVHUV�DPRXQWV�WKDW�DUH�SURSRUWLRQDO�WR
WKH�QXPEHU�RI�XVHUV�ZKR�VHH�WKH�DG�RQ�WKH�VLWH��$SDUW�IURP�WKHVH�VWDQGDUGL]HG�DG�XQLWV�
LQ�WKH�ODVW�IHZ�\HDUV�DGV�ZLWK�PRUH�G\QDPLF�FRQWHQW�WKDW�LV�WDLORUHG�WR�HDFK�LQGLYLGXDO
XVHU�KDYH�DOVR�EHFRPH�FRPPRQ�LQ�WKH�RQOLQH�DGYHUWLVHPHQW�LQGXVWU\��<DKRR��GRHV�WKLV
WKURXJK�6PDUW$GV��ZKHUHDV�)DFHERRN�SURYLGHV� LWV�DGYHUWLVHUV�ZLWK�6RFLDO�$GV��7KH
ODWWHU�DOORZV�WKH�DGYHUWLVHUV�WR�HPEHG�LQIRUPDWLRQ�IURP�D�XVHU¦V�QHWZRUN�RI�IULHQGV��IRU
H[DPSOH��D�1LNH�DG�PD\�UHIHU�WR�D�IULHQG�RI�WKH�XVHU�ZKR�UHFHQWO\�IDQQHG�1LNH�DQG
VKDUHG�WKDW�LQIRUPDWLRQ�ZLWK�KHU�IULHQGV�RQ�)DFHERRN��,Q�DGGLWLRQ��)DFHERRN�DOVR�SUR�
YLGHV�(QJDJHPHQW�$G�XQLWV�WR�WKH�DGYHUWLVHUV��ZKHUHLQ�WKH�XVHUV�FDQ�PRUH�HIIHFWLYHO\
LQWHUDFW�ZLWK�WKH�DG��EH� LW�E\�FRPPHQWLQJ�RQ� LW�RU�E\�SOD\LQJ�HPEHGGHG�YLGHRV�� ,Q
JHQHUDO��D�ZLGH�YDULHW\�RI�DGV�DUH�SURYLGHG�WR�WKH�DGYHUWLVHUV�E\�WKH�RQOLQH�DG�QHWZRUNV�
DQG�WKLV�YDULHW\�DGGV�\HW�DQRWKHU�GLPHQVLRQ�WR�WKH�YDULRXV�NLQGV�RI�SHUIRUPDQFH�QXP�
EHUV�WKDW�WKH�DGYHUWLVHUV�DUH�LQWHUHVWHG�LQ�JHWWLQJ�DERXW�WKHLU�FDPSDLJQV�

$W�WKH�PRVW�EDVLF�OHYHO��DGYHUWLVHUV�DUH�LQWHUHVWHG�LQ�NQRZLQJ�WKH�WRWDO�QXPEHU�RI�XVHUV�
DV�ZHOO�DV�WKH�QXPEHU�RI�XQLTXH�XVHUV��ZKR�KDYH�VHHQ�WKH�DG�RU�KDYH�FOLFNHG�RQ�LW��)RU
PRUH�G\QDPLF� DGV�� WKH\�PD\� HYHQ�EH� LQWHUHVWHG� LQ� JHWWLQJ� WKH�EUHDNGRZQ�RI� WKHVH
DJJUHJDWHG�QXPEHUV�E\�WKH�NLQG�RI�G\QDPLF�LQIRUPDWLRQ�VKRZQ�LQ�WKH�DG�XQLW�RU�WKH
NLQG�RI�HQJDJHPHQW�DFWLRQ�XQGHUWDNHQ�E\�WKH�XVHUV�RQ�WKH�DG��)RU�H[DPSOH��D�SDUWLFXODU
DGYHUWLVHPHQW�PD\�KDYH�EHHQ�VKRZQ���������WLPHV�WR��������XQLTXH�XVHUV��6LPLODUO\�
D�YLGHR�HPEHGGHG�LQVLGH�DQ�(QJDJHPHQW�$G�PD\�KDYH�EHHQ�ZDWFKHG�E\���������XQLTXH
XVHUV��,Q�DGGLWLRQ��WKHVH�SHUIRUPDQFH�QXPEHUV�DUH�W\SLFDOO\�UHSRUWHG�IRU�HDFK�DG��FDP�
SDLJQ��DQG�DFFRXQW��$Q�DFFRXQW�PD\�KDYH�PXOWLSOH�FDPSDLJQV��ZLWK�HDFK�FDPSDLJQ
UXQQLQJ�PXOWLSOH�DGV�RQ�WKH�QHWZRUN��)LQDOO\��WKHVH�QXPEHUV�DUH�W\SLFDOO\�UHSRUWHG�IRU
GLIIHUHQW�WLPH�GXUDWLRQV�E\�WKH�DG�QHWZRUNV��7\SLFDO�GXUDWLRQV�DUH�GDLO\��UROOLQJ�ZHHN�
PRQWK�WR�GDWH��UROOLQJ�PRQWK��DQG�VRPHWLPHV�HYHQ�IRU�WKH�HQWLUH�OLIHWLPH�RI�WKH�FDP�
SDLJQ��0RUHRYHU��DGYHUWLVHUV�DOVR�ORRN�DW�WKH�JHRJUDSKLF�EUHDNGRZQ�RI�WKHVH�QXPEHUV�
DPRQJ�RWKHU�ZD\V�RI�VOLFLQJ�DQG�GLFLQJ�WKLV�GDWD��VXFK�DV�ZKDW�SHUFHQWDJH�RI�WKH�WRWDO
YLHZHUV�RU�FOLFNHUV�RI�D�SDUWLFXODU�DG�DUH�LQ�WKH�$VLD�3DFLILF�UHJLRQ�

$V�LV�HYLGHQW��WKHUH�DUH�IRXU�SUHGRPLQDQW�GLPHQVLRQ�KLHUDUFKLHV��WKH�DFFRXQW��FDP�
SDLJQ��DQG�DG�GLPHQVLRQ��WKH�WLPH�SHULRG��WKH�W\SH�RI�LQWHUDFWLRQ��DQG�WKH�XVHU�GLPHQ�
VLRQ��7KH�ODVW�RI�WKHVH�LV�XVHG�WR�UHSRUW�XQLTXH�QXPEHUV��ZKHUHDV�WKH�RWKHU�WKUHH�DUH
WKH�UHSRUWLQJ�GLPHQVLRQV��7KH�XVHU�GLPHQVLRQ�LV�DOVR�XVHG�WR�FUHDWH�DJJUHJDWHG�JHR�
JUDSKLF�SURILOHV�IRU�WKH�YLHZHUV�DQG�FOLFNHUV�RI�DGV��$OO�WKLV�LQIRUPDWLRQ�LQ�WRWDOLW\�DOORZV
WKH�DGYHUWLVHUV�WR�WXQH�WKHLU�FDPSDLJQV�WR�LPSURYH�WKHLU�HIIHFWLYHQHVV�RQ�DQ\�JLYHQ�DG

560 | Chapter 16:ಗCase Studies



QHWZRUN��$VLGH�IURP�WKH�PXOWLGLPHQVLRQDO�QDWXUH�RI�WKLV�VHW�RI�SLSHOLQHV��WKH�YROXPHV
RI�GDWD�SURFHVVHG�DQG�WKH�UDWH�DW�ZKLFK�WKLV�GDWD�LV�JURZLQJ�RQ�D�GDLO\�EDVLV�PDNH�WKLV
GLIILFXOW�WR�VFDOH�ZLWKRXW�D�WHFKQRORJ\�VXFK�DV�+DGRRS�IRU�ODUJH�DG�QHWZRUNV��$V�RI�WKLV
ZULWLQJ��IRU�H[DPSOH��WKH�DG�ORJ�YROXPH�WKDW�LV�SURFHVVHG�IRU�DG�SHUIRUPDQFH�QXPEHUV
DW�)DFHERRN�LV�DSSUR[LPDWHO\���7%�SHU�GD\�RI��XQFRPSUHVVHG��ORJV��7KLV�YROXPH�KDV
VHHQ�D����IROG�LQFUHDVH�VLQFH�-DQXDU\�������ZKHQ�WKH�YROXPHV�ZHUH�LQ�WKH�UDQJH�RI���
*%�SHU�GD\��+DGRRS¦V�DELOLW\�WR�VFDOH�ZLWK�KDUGZDUH�KDV�EHHQ�D�PDMRU�IDFWRU�EHKLQG
WKH�DELOLW\�RI�WKHVH�SLSHOLQHV�WR�NHHS�XS�ZLWK�WKLV�GDWD�JURZWK�ZLWK�RQO\�PLQRU�WZHDNLQJ
RI� MRE�FRQILJXUDWLRQV��7\SLFDOO\�� WKHVH�FRQILJXUDWLRQ�FKDQJHV� LQYROYH� LQFUHDVLQJ� WKH
QXPEHU�RI�UHGXFHUV�IRU�WKH�+DGRRS�MREV�WKDW�DUH�SURFHVVLQJ�WKH�LQWHQVLYH�SRUWLRQV�RI
WKHVH�SLSHOLQHV��7KH�ODUJHVW�RI�WKHVH�VWDJHV�FXUUHQWO\�UXQV�ZLWK�����UHGXFHUV��DQ�LQFUHDVH
RI�HLJKW�WLPHV�IURP�WKH����UHGXFHUV�WKDW�ZHUH�EHLQJ�XVHG�LQ�-DQXDU\�������

Ad hoc analysis and product feedback
$SDUW�IURP�UHJXODU�UHSRUWV��DQRWKHU�SULPDU\�XVH�FDVH�IRU�D�GDWD�ZDUHKRXVLQJ�VROXWLRQ
LV�WR�VXSSRUW�DG�KRF�DQDO\VLV�DQG�SURGXFW�IHHGEDFN�VROXWLRQV��$Q\�W\SLFDO�ZHEVLWH��IRU
H[DPSOH��PDNHV�SURGXFW�FKDQJHV��DQG�SURGXFW�PDQDJHUV�RU�HQJLQHHUV�RIWHQ�QHHG�WR
XQGHUVWDQG�WKH�LPSDFW�RI�D�QHZ�IHDWXUH��EDVHG�RQ�XVHU�HQJDJHPHQW�DV�ZHOO�DV�RQ�WKH
FOLFN�WKURXJK�UDWH�RQ�WKDW�IHDWXUH��7KH�SURGXFW�WHDP�PD\�HYHQ�ZLVK�WR�SHUIRUP�D�GHHSHU
DQDO\VLV�RQ�WKH�LPSDFW�RI�WKH�FKDQJH�EDVHG�RQ�YDULRXV�UHJLRQV�DQG�FRXQWULHV��VXFK�DV
ZKHWKHU�WKLV�FKDQJH�LQFUHDVHV�WKH�FOLFN�WKURXJK�UDWH�RI�WKH�XVHUV�LQ�WKH�86�RU�ZKHWKHU
LW�UHGXFHV�WKH�HQJDJHPHQW�RI�XVHUV�LQ�,QGLD��$�ORW�RI�WKLV�W\SH�RI�DQDO\VLV�FRXOG�EH�GRQH
ZLWK�+DGRRS�E\�XVLQJ�+LYH�DQG�UHJXODU�64/��7KH�PHDVXUHPHQW�RI�FOLFN�WKURXJK�UDWH
FDQ�EH�HDVLO\�H[SUHVVHG�DV�D�MRLQ�RI�WKH�LPSUHVVLRQV�DQG�FOLFNV�IRU�WKH�SDUWLFXODU�OLQN
UHODWHG�WR�WKH�IHDWXUH��7KLV�LQIRUPDWLRQ�FDQ�EH�MRLQHG�ZLWK�JHRJUDSKLF�LQIRUPDWLRQ�WR
FRPSXWH� WKH� HIIHFW�RI�SURGXFW� FKDQJHV�RQ�GLIIHUHQW� UHJLRQV��6XEVHTXHQWO\��RQH�FDQ
FRPSXWH�DYHUDJH�FOLFN�WKURXJK�UDWH�IRU�GLIIHUHQW�JHRJUDSKLF�UHJLRQV�E\�SHUIRUPLQJ�DJ�
JUHJDWLRQV�RYHU�WKHP��$OO�RI�WKHVH�DUH�HDVLO\�H[SUHVVLEOH�LQ�+LYH�XVLQJ�D�FRXSOH�RI�64/
TXHULHV��WKDW�ZRXOG��LQ�WXUQ��JHQHUDWH�PXOWLSOH�+DGRRS�MREV���,I�RQO\�DQ�HVWLPDWH�ZHUH
UHTXLUHG��WKH�VDPH�TXHULHV�FDQ�EH�UXQ�IRU�D�VDPSOH�VHW�RI�WKH�XVHUV�XVLQJ�WKH�VDPSOLQJ
IXQFWLRQDOLW\�QDWLYHO\�VXSSRUWHG�E\�+LYH��6RPH�RI�WKLV�DQDO\VLV�QHHGV�WKH�XVH�RI�FXVWRP
PDS�DQG�UHGXFH�VFULSWV�LQ�FRQMXQFWLRQ�ZLWK�WKH�+LYH�64/��DQG�WKDW�LV�DOVR�HDV\�WR�SOXJ
LQWR�D�+LYH�TXHU\�

$�JRRG�H[DPSOH�RI�D�PRUH�FRPSOH[�DQDO\VLV�LV�HVWLPDWLQJ�WKH�SHDN�QXPEHU�RI�XVHUV
ORJJLQJ�LQWR�WKH�VLWH�SHU�PLQXWH�IRU�WKH�HQWLUH�SDVW�\HDU��7KLV�ZRXOG�LQYROYH�VDPSOLQJ
SDJH�YLHZ�ORJV��EHFDXVH�WKH�WRWDO�SDJH�YLHZ�GDWD�IRU�D�SRSXODU�ZHEVLWH�LV�KXJH���JURXSLQJ
LW�E\� WLPH��DQG�WKHQ� ILQGLQJ� WKH�QXPEHU�RI�QHZ�XVHUV�DW�GLIIHUHQW� WLPH�SRLQWV�YLD�D
FXVWRP�UHGXFH�VFULSW��7KLV�LV�D�JRRG�H[DPSOH�ZKHUH�ERWK�64/�DQG�0DS5HGXFH�DUH
UHTXLUHG�IRU�VROYLQJ�WKH�HQG�XVHU�SUREOHP��DQG�VRPHWKLQJ�WKDW�LV�SRVVLEOH�WR�DFKLHYH
HDVLO\�ZLWK�+LYH�
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Data analysis
+LYH�DQG�+DGRRS�DUH�HDV\�WR�XVH�IRU�WUDLQLQJ�DQG�VFRULQJ�IRU�GDWD�DQDO\VLV�DSSOLFDWLRQV�
7KHVH�GDWD�DQDO\VLV�DSSOLFDWLRQV�FDQ�VSDQ�PXOWLSOH�GRPDLQV��VXFK�DV�SRSXODU�ZHEVLWHV�
ELRLQIRUPDWLFV�FRPSDQLHV��DQG�RLO�H[SORUDWLRQ�FRPSDQLHV��$�W\SLFDO�H[DPSOH�RI�VXFK
DQ�DSSOLFDWLRQ�LQ�WKH�RQOLQH�DG�QHWZRUN�LQGXVWU\�ZRXOG�EH�WKH�SUHGLFWLRQ�RI�ZKDW�IHD�
WXUHV�RI�DQ�DG�PDNH�LW�PRUH�OLNHO\�WR�EH�QRWLFHG�E\�WKH�XVHU��7KH�WUDLQLQJ�SKDVH�W\SLFDOO\
ZRXOG�LQYROYH�LGHQWLI\LQJ�WKH�UHVSRQVH�PHWULF�DQG�WKH�SUHGLFWLYH�IHDWXUHV��,Q�WKLV�FDVH�
D�JRRG�PHWULF�WR�PHDVXUH�WKH�HIIHFWLYHQHVV�RI�DQ�DG�FRXOG�EH�LWV�FOLFN�WKURXJK�UDWH��6RPH
LQWHUHVWLQJ�IHDWXUHV�RI�WKH�DG�FRXOG�EH�WKH�LQGXVWU\�YHUWLFDO�WKDW�LW�EHORQJV�WR��WKH�FRQWHQW
RI�WKH�DG��WKH�SODFHPHQW�RI�WKH�DG�RQ�WKH�SDJH��DQG�VR�RQ��+LYH�LV�XVHIXO�IRU�DVVHPEOLQJ
WUDLQLQJ�GDWD�DQG�WKHQ�IHHGLQJ�WKH�VDPH�LQWR�D�GDWD�DQDO\VLV�HQJLQH��W\SLFDOO\�5�RU�XVHU
SURJUDPV�ZULWWHQ� LQ�0DS5HGXFH��� ,Q� WKLV� SDUWLFXODU� FDVH�� GLIIHUHQW� DG�SHUIRUPDQFH
QXPEHUV�DQG�IHDWXUHV�FDQ�EH�VWUXFWXUHG�DV�WDEOHV�LQ�+LYH��2QH�FDQ�HDVLO\�VDPSOH�WKLV
GDWD��VDPSOLQJ�LV�UHTXLUHG��DV�5�FDQ�KDQGOH�RQO\�OLPLWHG�GDWD�YROXPH��DQG�SHUIRUP�WKH
DSSURSULDWH�DJJUHJDWLRQV�DQG� MRLQV�XVLQJ�+LYH�TXHULHV� WR�DVVHPEOH�D�UHVSRQVH� WDEOH
FRQWDLQLQJ�WKH�PRVW�LPSRUWDQW�DG�IHDWXUHV�WKDW�GHWHUPLQH�WKH�HIIHFWLYHQHVV�RI�DQ�DG�
YHUWLVHPHQW��+RZHYHU��EHFDXVH�VDPSOLQJ�ORVHV�LQIRUPDWLRQ��VRPH�RI�WKH�PRUH�LPSRU�
WDQW�GDWD�DQDO\VLV�DSSOLFDWLRQV�XVH�SDUDOOHO�LPSOHPHQWDWLRQV�RI�SRSXODU�GDWD�DQDO\VLV
NHUQHOV�XVLQJ�WKH�0DS5HGXFH�IUDPHZRUN�

2QFH�WKH�PRGHO�KDV�EHHQ�WUDLQHG��LW�PD\�EH�GHSOR\HG�IRU�VFRULQJ�RQ�D�GDLO\�EDVLV��7KH
EXON�RI�WKH�GDWD�DQDO\VLV�WDVNV�GR�QRW�SHUIRUP�GDLO\�VFRULQJ��WKRXJK��0DQ\�RI�WKHP�DUH
DG�KRF�LQ�QDWXUH�DQG�UHTXLUH�RQH�WLPH�DQDO\VLV�WKDW�FDQ�EH�XVHG�DV�LQSXW�LQWR�WKH�SURGXFW
GHVLJQ�SURFHVV�

Hive
:KHQ�ZH�VWDUWHG�XVLQJ�+DGRRS��ZH�YHU\�TXLFNO\�EHFDPH�LPSUHVVHG�E\�LWV�VFDODELOLW\
DQG�DYDLODELOLW\��+RZHYHU��ZH�ZHUH�ZRUULHG�DERXW�ZLGHVSUHDG�DGRSWLRQ��SULPDULO\�EH�
FDXVH�RI�WKH�FRPSOH[LW\�LQYROYHG�LQ�ZULWLQJ�0DS5HGXFH�SURJUDPV�LQ�-DYD��DV�ZHOO�DV
WKH�FRVW�RI�WUDLQLQJ�XVHUV�WR�ZULWH�WKHP���:H�ZHUH�DZDUH�WKDW�D�ORW�RI�HQJLQHHUV�DQG
DQDO\VWV�LQ�WKH�FRPSDQ\�XQGHUVWRRG�64/�DV�D�WRRO�WR�TXHU\�DQG�DQDO\]H�GDWD��DQG�WKDW
PDQ\�RI�WKHP�ZHUH�SURILFLHQW�LQ�D�QXPEHU�RI�VFULSWLQJ�ODQJXDJHV��VXFK�DV�3+3�DQG
3\WKRQ��$V�D�UHVXOW��LW�ZDV�LPSHUDWLYH�IRU�XV�WR�GHYHORS�VRIWZDUH�WKDW�FRXOG�EULGJH�WKLV
JDS�EHWZHHQ�WKH�ODQJXDJHV�WKDW�WKH�XVHUV�ZHUH�SURILFLHQW�LQ�DQG�WKH�ODQJXDJHV�UHTXLUHG
WR�SURJUDP�+DGRRS�

,W�ZDV�DOVR�HYLGHQW�WKDW�D�ORW�RI�RXU�GDWDVHWV�ZHUH�VWUXFWXUHG�DQG�FRXOG�EH�HDVLO\�SDUWL�
WLRQHG��7KH�QDWXUDO�FRQVHTXHQFH�RI�WKHVH�UHTXLUHPHQWV�ZDV�D�V\VWHP�WKDW�FRXOG�PRGHO
GDWD�DV�WDEOHV�DQG�SDUWLWLRQV�DQG�WKDW�FRXOG�DOVR�SURYLGH�D�64/�OLNH�ODQJXDJH�IRU�TXHU\
DQG�DQDO\VLV��$OVR�HVVHQWLDO�ZDV�WKH�DELOLW\�WR�SOXJ�LQ�FXVWRPL]HG�0DS5HGXFH�SURJUDPV
ZULWWHQ�LQ�WKH�SURJUDPPLQJ�ODQJXDJH�RI�WKH�XVHU¦V�FKRLFH�LQWR�WKH�TXHU\��7KLV�V\VWHP
ZDV�FDOOHG�+LYH��+LYH�LV�D�GDWD�ZDUHKRXVH�LQIUDVWUXFWXUH�EXLOW�RQ�WRS�RI�+DGRRS�DQG
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VHUYHV� DV� WKH�SUHGRPLQDQW� WRRO� WKDW� LV�XVHG� WR�TXHU\� WKH�GDWD� VWRUHG� LQ�+DGRRS�DW
)DFHERRN��,Q�WKH�IROORZLQJ�VHFWLRQV��ZH�GHVFULEH�WKLV�V\VWHP�LQ�PRUH�GHWDLO�

Data organization
'DWD�LV�RUJDQL]HG�FRQVLVWHQWO\�DFURVV�DOO�GDWDVHWV�DQG�LV�FRPSUHVVHG��SDUWLWLRQHG��DQG
VRUWHG�

&RPSUHVVLRQ
$OPRVW�DOO�GDWDVHWV�DUH�VWRUHG�DV�VHTXHQFH�ILOHV�XVLQJ�WKH�J]LS�FRGHF��2OGHU�GDWDVHWV
DUH�UHFRPSUHVVHG�WR�XVH�WKH�E]LS�FRGHF��ZKLFK�DIIRUGV�VXEVWDQWLDOO\�PRUH�FRP�
SUHVVLRQ�WKDQ�J]LS��%]LS�LV�VORZHU�WKDQ�J]LS��EXW�ROGHU�GDWD�LV�DFFHVVHG�PXFK�OHVV
IUHTXHQWO\��DQG�WKLV�SHUIRUPDQFH�KLW�LV�ZHOO�ZRUWK�WKH�VDYLQJV�LQ�WHUPV�RI�GLVN�VSDFH�

3DUWLWLRQLQJ
0RVW�GDWDVHWV�DUH�SDUWLWLRQHG�E\�GDWH��,QGLYLGXDO�SDUWLWLRQV�DUH�ORDGHG�LQWR�+LYH�
ZKLFK� ORDGV�HDFK�SDUWLWLRQ� LQWR�D� VHSDUDWH�+')6�GLUHFWRU\�� ,Q�PRVW� FDVHV�� WKLV
SDUWLWLRQLQJ�LV�EDVHG�VLPSO\�RQ�GDWHVWDPSV�DVVRFLDWHG�ZLWK�6FULEH�ORJILOHV��+RZ�
HYHU��LQ�VRPH�FDVHV��ZH�VFDQ�GDWD�DQG�FROODWH�WKHP�EDVHG�RQ�WKH�WLPHVWDPS�DYDLODEOH
LQVLGH�D� ORJ�HQWU\��*RLQJ�IRUZDUG��ZH�DUH�DOVR�JRLQJ�WR�EH�SDUWLWLRQLQJ�GDWD�RQ
PXOWLSOH�DWWULEXWHV��IRU�H[DPSOH��FRXQWU\�DQG�GDWH��

6RUWLQJ
(DFK�SDUWLWLRQ�ZLWKLQ�D�WDEOH�LV�RIWHQ�VRUWHG��DQG�KDVK�SDUWLWLRQHG��E\�XQLTXH�,'
�LI�RQH�LV�SUHVHQW���7KLV�KDV�D�IHZ�NH\�DGYDQWDJHV�

� ,W�LV�HDV\�WR�UXQ�VDPSOHG�TXHULHV�RQ�VXFK�GDWDVHWV�

� :H�FDQ�EXLOG�LQGH[HV�RQ�VRUWHG�GDWD�

� $JJUHJDWHV�DQG�MRLQV�LQYROYLQJ�XQLTXH�,'V�FDQ�EH�GRQH�YHU\�HIILFLHQWO\�RQ�VXFK
GDWDVHWV�

/RDGLQJ�GDWD�LQWR�WKLV�ORQJ�WHUP�IRUPDW�LV�GRQH�E\�GDLO\�0DS5HGXFH�MREV��DQG�LV�GLV�
WLQFW�IURP�WKH�QHDU�UHDO�WLPH�GDWD�LPSRUW�SURFHVVHV��

Query language
7KH�+LYH�4XHU\�ODQJXDJH�LV�YHU\�64/�OLNH��,W�KDV�WUDGLWLRQDO�64/�FRQVWUXFWV�VXFK�DV
MRLQV��JURXS�E\V��ZKHUH��VHOHFW��IURP�FODXVHV��DQG�IURP�FODXVH�VXETXHULHV��,W�WULHV�WR
FRQYHUW�64/�FRPPDQGV�LQWR�D�VHW�RI�0DS5HGXFH�MREV��$SDUW�IURP�WKH�QRUPDO�64/
FODXVHV��LW�KDV�D�EXQFK�RI�RWKHU�H[WHQVLRQV��VXFK�DV�WKH�DELOLW\�WR�VSHFLI\�FXVWRP�0DSSHU
DQG�UHGXFHU�VFULSWV�LQ�WKH�TXHU\�LWVHOI��WKH�DELOLW\�WR�LQVHUW�LQWR�PXOWLSOH�WDEOHV��SDUWL�
WLRQV��+')6��RU�ORFDO�ILOHV�ZKLOH�GRLQJ�D�VLQJOH�VFDQ�RI�WKH�GDWD��DQG�WKH�DELOLW\�WR�UXQ
WKH�TXHU\�RQ�GDWD�VDPSOHV�UDWKHU�WKDQ�WKH�IXOO�GDWDVHW��WKLV�DELOLW\�LV�IDLUO\�XVHIXO�ZKHQ
WHVWLQJ�TXHULHV���7KH�+LYH�PHWDVWRUH�VWRUHV�WKH�PHWDGDWD�IRU�D�WDEOH�DQG�SURYLGHV�WKLV
PHWDGDWD� WR� WKH�+LYH�FRPSLOHU� IRU�FRQYHUWLQJ�64/�FRPPDQGV�WR�0DS5HGXFH� MREV�
7KURXJK�SDUWLWLRQ�SUXQLQJ��PDS�VLGH�DJJUHJDWLRQV��DQG�RWKHU�IHDWXUHV��WKH�FRPSLOHU
WULHV�WR�FUHDWH�SODQV�WKDW�FDQ�RSWLPL]H�WKH�UXQWLPH�IRU�WKH�TXHU\�
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Data pipelines using Hive
$GGLWLRQDOO\��WKH�DELOLW\�SURYLGHG�E\�+LYH�LQ�WHUPV�RI�H[SUHVVLQJ�GDWD�SLSHOLQHV�LQ�64/
FDQ�DQG�KDV�SURYLGHG�WKH�PXFK�QHHGHG�IOH[LELOLW\�LQ�SXWWLQJ�WKHVH�SLSHOLQHV�WRJHWKHU
LQ�DQ�HDV\�DQG�H[SHGLHQW�PDQQHU��7KLV�LV�HVSHFLDOO\�XVHIXO�IRU�RUJDQL]DWLRQV�DQG�SURG�
XFWV�WKDW�DUH�VWLOO�HYROYLQJ�DQG�JURZLQJ��0DQ\�RI�WKH�RSHUDWLRQV�QHHGHG�LQ�SURFHVVLQJ
GDWD�SLSHOLQHV�DUH� WKH�ZHOO�XQGHUVWRRG�64/�RSHUDWLRQV�VXFK�DV� MRLQ��JURXS�E\��DQG
GLVWLQFW�DJJUHJDWLRQV��:LWK�+LYH¦V�DELOLW\�WR�FRQYHUW�64/�LQWR�D�VHULHV�RI�+DGRRS�0DS�
5HGXFH�MREV��LW�EHFRPHV�IDLUO\�HDV\�WR�FUHDWH�DQG�PDLQWDLQ�WKHVH�SLSHOLQHV��:H�LOOXVWUDWH
WKHVH�IDFHWV�RI�+LYH�LQ�WKLV�VHFWLRQ�E\�XVLQJ�DQ�H[DPSOH�RI�D�K\SRWKHWLFDO�DG�QHWZRUN
DQG�VKRZLQJ�KRZ�VRPH�W\SLFDO�DJJUHJDWHG�UHSRUWV�QHHGHG�E\�WKH�DGYHUWLVHUV�FDQ�EH
FRPSXWHG�XVLQJ�+LYH��$V�DQ�H[DPSOH��DVVXPLQJ�WKDW�DQ�RQOLQH�DG�QHWZRUN�VWRUHV�LQ�
IRUPDWLRQ�RQ�DGV�LQ�D�WDEOH�QDPHG�dim_ads�DQG�VWRUHV�DOO�WKH�LPSUHVVLRQV�VHUYHG�WR�WKDW
DG�LQ�D�WDEOH�QDPHG�impression_logs�LQ�+LYH��ZLWK�WKH�ODWWHU�WDEOH�EHLQJ�SDUWLWLRQHG�E\
GDWH��WKH�GDLO\� LPSUHVVLRQ�QXPEHUV��ERWK�XQLTXH�DQG�WRWDO�E\�FDPSDLJQ��ZKLFK�DUH
QXPEHUV�WKDW�DG�QHWZRUNV�URXWLQHO\�JLYH�WR�WKH�DGYHUWLVHUV��IRU������������DUH�H[SUHV�
VLEOH�DV�WKH�IROORZLQJ�64/�LQ�+LYH�

SELECT a.campaign_id, count(1), count(DISTINCT b.user_id)
FROM dim_ads a JOIN impression_logs b ON(b.ad_id = a.ad_id)
WHERE b.dateid = '2008-12-01'
GROUP BY a.campaign_id;

7KLV�ZRXOG�DOVR�EH�WKH�W\SLFDO�64/�VWDWHPHQW�WKDW�RQH�FRXOG�XVH�LQ�RWKHU�5'%06V�
VXFK�DV�2UDFOH��'%���DQG�VR�RQ�

,Q�RUGHU�WR�FRPSXWH�WKH�GDLO\�LPSUHVVLRQ�QXPEHUV�E\�DG�DQG�DFFRXQW�IURP�WKH�VDPH
MRLQHG�GDWD�DV�HDUOLHU��+LYH�SURYLGHV�WKH�DELOLW\�WR�GR�PXOWLSOH�JURXS�E\V�VLPXOWDQHRXVO\�
DV�VKRZQ�LQ�WKH�IROORZLQJ�TXHU\��ZKLFK�LV�64/�OLNH��EXW�QRW�VWULFWO\�64/��

FROM(
  SELECT a.ad_id, a.campaign_id, a.account_id, b.user_id
  FROM dim_ads a JOIN impression_logs b ON (b.ad_id = a.ad_id)
  WHERE b.dateid = '2008-12-01') x
INSERT OVERWRITE DIRECTORY 'results_gby_adid'
  SELECT x.ad_id, count(1), count(DISTINCT x.user_id) GROUP BY x.ad_id
INSERT OVERWRITE DIRECTORY 'results_gby_campaignid'
  SELECT x.campaign_id, count(1), count(DISTINCT x.user_id) GROUP BY x.campaign_id
INSERT OVERWRITE DIRECTORY 'results_gby_accountid'
  SELECT x.account_id, count(1), count(DISTINCT x.user_id) GROUP BY x.account_id;

,Q�RQH�RI�WKH�RSWLPL]DWLRQV�WKDW�LV�EHLQJ�DGGHG�WR�+LYH��WKH�TXHU\�FDQ�EH�FRQYHUWHG�LQWR
D�VHTXHQFH�RI�+DGRRS�0DS5HGXFH�MREV�WKDW�DUH�DEOH�WR�VFDOH�ZLWK�GDWD�VNHZ��(VVHQ�
WLDOO\��WKH�MRLQ�LV�FRQYHUWHG�LQWR�RQH�0DS5HGXFH�MRE��DQG�WKH�WKUHH�JURXS�E\V�DUH�FRQ�
YHUWHG�LQWR�IRXU�0DS5HGXFH�MREV��ZLWK�WKH�ILUVW�RQH�JHQHUDWLQJ�D�SDUWLDO�DJJUHJDWH�RQ
unique_id��7KLV�LV�HVSHFLDOO\�XVHIXO�EHFDXVH�WKH�GLVWULEXWLRQ�RI�impression_logs�RYHU
unique_id�LV�PXFK�PRUH�XQLIRUP�FRPSDUHG�WR�ad_id��LQ�DQ�DG�QHWZRUN��LW�LV�W\SLFDO�IRU
D�IHZ�DGV�WR�GRPLQDWH�LQ�WKDW�WKH\�DUH�VKRZQ�PRUH�XQLIRUPO\�WR�WKH�XVHUV���$V�D�UHVXOW�
FRPSXWLQJ�WKH�SDUWLDO�DJJUHJDWLRQ�E\�unique_id�DOORZV�WKH�SLSHOLQH�WR�GLVWULEXWH�WKH
ZRUN�PRUH�XQLIRUPO\� WR� WKH� UHGXFHUV��7KH� VDPH� WHPSODWH� FDQ�EH�XVHG� WR�FRPSXWH
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SHUIRUPDQFH�QXPEHUV�IRU�GLIIHUHQW�WLPH�SHULRGV�E\�VLPSO\�FKDQJLQJ�WKH�GDWH�SUHGLFDWH
LQ�WKH�TXHU\�

&RPSXWLQJ�WKH�OLIHWLPH�QXPEHUV�FDQ�EH�PRUH�WULFN\��WKRXJK��EHFDXVH�XVLQJ�WKH�VWUDWHJ\
GHVFULEHG� SUHYLRXVO\�� RQH� ZRXOG� KDYH� WR� VFDQ� DOO� WKH� SDUWLWLRQV� RI� WKH� impres
sion_logs�WDEOH��7KHUHIRUH��LQ�RUGHU�WR�FRPSXWH�WKH�OLIHWLPH�QXPEHUV��D�PRUH�YLDEOH
VWUDWHJ\�LV�WR�VWRUH�WKH�OLIHWLPH�FRXQWV�RQ�D�SHU�ad_id��unique_id�JURXSLQJ�HYHU\�GD\�LQ
D�SDUWLWLRQ�RI�DQ�LQWHUPHGLDWH�WDEOH��7KH�GDWD�LQ�WKLV�WDEOH�FRPELQHG�ZLWK�WKH�QH[W�GD\¦V�
impression_logs� FDQ�EH�XVHG� WR� LQFUHPHQWDOO\�JHQHUDWH� WKH� OLIHWLPH�DG�SHUIRUPDQFH
QXPEHUV��$V�DQ�H[DPSOH��LQ�RUGHU�WR�JHW�WKH�LPSUHVVLRQ�QXPEHUV�IRU�������������WKH
LQWHUPHGLDWH�WDEOH�SDUWLWLRQ�IRU������������LV�XVHG��7KH�+LYH�TXHULHV�WKDW�FDQ�EH�XVHG
WR�DFKLHYH�WKLV�DUH�DV�IROORZV�

INSERT OVERWRITE lifetime_partial_imps PARTITION(dateid='2008-12-01')
SELECT x.ad_id, x.user_id, sum(x.cnt)
FROM (
  SELECT a.ad_id, a.user_id, a.cnt
  FROM lifetime_partial_imps a
  WHERE a.dateid = '2008-11-30'
  UNION ALL
  SELECT b.ad_id, b.user_id, 1 as cnt
  FROM impression_log b
  WHERE b.dateid = '2008-12-01'
) x
GROUP BY x.ad_id, x.user_id;

7KLV�TXHU\�FRPSXWHV�WKH�SDUWLDO�VXPV�IRU�������������ZKLFK�FDQ�EH�XVHG�IRU�FRPSXWLQJ
WKH������������QXPEHUV�DV�ZHOO�DV�WKH������������QXPEHUV��QRW�VKRZQ�KHUH���7KH
64/�LV�FRQYHUWHG�WR�D�VLQJOH�+DGRRS�0DS5HGXFH�MRE�WKDW�HVVHQWLDOO\�FRPSXWHV�WKH
JURXS�E\�VWDWHPHQW�RQ�WKH�FRPELQHG�VWUHDP�RI�LQSXWV��7KLV�64/�FDQ�EH�IROORZHG�E\
WKH�QH[W�+LYH�TXHU\��ZKLFK�FRPSXWHV�WKH�DFWXDO�QXPEHUV�IRU�GLIIHUHQW�JURXSLQJV��VLP�
LODU�WR�WKH�RQH�LQ�WKH�GDLO\�SLSHOLQHV��

FROM(
  SELECT a.ad_id, a.campaign_id, a.account_id, b.user_id, b.cnt
     FROM dim_ads a JOIN lifetime_partial_imps b ON (b.ad_id = a.ad_id)
     WHERE b.dateid = '2008-12-01') x
INSERT OVERWRITE DIRECTORY 'results_gby_adid'
  SELECT x.ad_id, sum(x.cnt), count(DISTINCT x.user_id) GROUP BY x.ad_id
INSERT OVERWRITE DIRECTORY 'results_gby_campaignid'
  SELECT x.campaign_id, sum(x.cnt), count(DISTINCT x.user_id) GROUP BY x.campaign_id
INSERT OVERWRITE DIRECTORY 'results_gby_accountid'
  SELECT x.account_id, sum(x.cnt), count(DISTINCT x.user_id) GROUP BY x.account_id;

+LYH�DQG�+DGRRS�DUH�EDWFK�SURFHVVLQJ�V\VWHPV�WKDW�FDQQRW�VHUYH�WKH�FRPSXWHG�GDWD
ZLWK�WKH�VDPH�ODWHQF\�DV�D�VWDQGDUG�5'%06��VXFK�DV�2UDFOH�RU�0\64/��7KHUHIRUH��RQ
PDQ\�RFFDVLRQV��LW�LV�VWLOO�XVHIXO�WR�ORDG�WKH�VXPPDULHV�JHQHUDWHG�WKURXJK�+LYH�DQG
+DGRRS�WR�D�PRUH�WUDGLWLRQDO�5'%06�IRU�VHUYLQJ�WKLV�GDWD�WR�XVHUV�WKURXJK�GLIIHUHQW
EXVLQHVV�LQWHOOLJHQFH��%,��WRROV��RU�HYHQ�WKRXJK�D�ZHE�SRUWDO�
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Problems and Future Work

Fair sharing
+DGRRS�FOXVWHUV�W\SLFDOO\�UXQ�D�PL[�RI�GDLO\�SURGXFWLRQ�MREV�WKDW�QHHG�WR�ILQLVK�FRP�
SXWDWLRQ�ZLWKLQ�D�UHDVRQDEOH�WLPH�IUDPH�DV�ZHOO�DV�DG�KRF�MREV�WKDW�PD\�EH�RI�GLIIHUHQW
SULRULWLHV�DQG�VL]HV��,Q�W\SLFDO�LQVWDOODWLRQV��WKHVH�SURGXFWLRQ�MREV�WHQG�WR�UXQ�RYHUQLJKW�
ZKHQ�LQWHUIHUHQFH�IURP�DG�KRF�MREV�UXQ�E\�XVHUV�LV�PLQLPDO��+RZHYHU��RYHUODS�EHWZHHQ
ODUJH�DG�KRF�DQG�SURGXFWLRQ� MREV� LV�RIWHQ�XQDYRLGDEOH�DQG��ZLWKRXW�DGHTXDWH�VDIH�
JXDUGV��FDQ�LPSDFW�WKH�ODWHQF\�RI�SURGXFWLRQ�MREV��(7/�SURFHVVLQJ�DOVR�FRQWDLQV�VHYHUDO
QHDU�UHDO�WLPH�MREV�WKDW�PXVW�EH�SHUIRUPHG�DW�KRXUO\�LQWHUYDOV��WKHVH�LQFOXGH�SURFHVVHV
WR�FRS\�6FULEH�GDWD�IURP�1)6�VHUYHUV��DV�ZHOO�DV�KRXUO\�VXPPDULHV�FRPSXWHG�RYHU�VRPH
GDWDVHWV���,W�DOVR�PHDQV�WKDW�D�VLQJOH�URJXH�MRE�FDQ�EULQJ�GRZQ�WKH�HQWLUH�FOXVWHU�DQG
SXW�SURGXFWLRQ�SURFHVVHV�DW�ULVN�

7KH�IDLU�VKDULQJ�+DGRRS�MRE�VFKHGXOHU��GHYHORSHG�DW�)DFHERRN�DQG�FRQWULEXWHG�EDFN
WR�+DGRRS��SURYLGHV�D�VROXWLRQ�WR�PDQ\�RI�WKHVH�LVVXHV��,W�UHVHUYHV�JXDUDQWHHG�FRPSXWH
UHVRXUFHV�IRU�VSHFLILF�SRROV�RI�MREV�ZKLOH�DW�WKH�VDPH�WLPH�OHWWLQJ�LGOH�UHVRXUFHV�EH�XVHG
E\�HYHU\RQH��,W�DOVR�SUHYHQWV�ODUJH�MREV�IURP�KRJJLQJ�FOXVWHU�UHVRXUFHV�E\�DOORFDWLQJ
FRPSXWH�UHVRXUFHV�LQ�D�IDLU�PDQQHU�DFURVV�WKHVH�SRROV��0HPRU\�FDQ�EHFRPH�RQH�RI�WKH
PRVW�FRQWHQGHG�UHVRXUFHV�LQ�WKH�FOXVWHU��:H�KDYH�PDGH�VRPH�FKDQJHV�WR�+DGRRS�VR
WKDW�LI�WKH�MRE�WUDFNHU�LV�ORZ�RQ�PHPRU\��+DGRRS�MRE�VXEPLVVLRQV�DUH�WKURWWOHG��7KLV
FDQ�DOORZ�WKH�XVHU�SURFHVVHV�WR�UXQ�ZLWK�UHDVRQDEOH�SHU�SURFHVV�PHPRU\�OLPLWV��DQG�LW
LV�SRVVLEOH�WR�SXW�LQ�SODFH�VRPH�PRQLWRULQJ�VFULSWV�LQ�RUGHU�WR�SUHYHQW�0DS5HGXFH�MREV
IURP�LPSDFWLQJ�+')6�GDHPRQV��GXH�SULPDULO\�WR�KLJK�PHPRU\�FRQVXPSWLRQ��UXQQLQJ
RQ�WKH�VDPH�QRGH��/RJ�GLUHFWRULHV�DUH�VWRUHG�LQ�VHSDUDWH�GLVN�SDUWLWLRQV�DQG�FOHDQHG
UHJXODUO\��DQG�ZH�WKLQN�LW�FDQ�DOVR�EH�XVHIXO�WR�SXW�0DS5HGXFH�LQWHUPHGLDWH�VWRUDJH�LQ
VHSDUDWH�GLVN�SDUWLWLRQV�DV�ZHOO�

Space management
&DSDFLW\�PDQDJHPHQW�FRQWLQXHV�WR�EH�D�ELJ�FKDOOHQJH��8WLOL]DWLRQ�LV�LQFUHDVLQJ�DW�D�IDVW
UDWH�ZLWK�WKH�JURZWK�RI�GDWD��DQG�PDQ\�JURZLQJ�FRPSDQLHV�ZLWK�H[SDQGLQJ�GDWDVHWV
KDYH�WKH�VDPH�SDLQ��,Q�PDQ\�VLWXDWLRQV��PXFK�RI�WKLV�GDWD�LV�WHPSRUDU\�LQ�QDWXUH��,Q
VXFK�FDVHV��RQH�FDQ�XVH�UHWHQWLRQ�VHWWLQJV�LQ�+LYH�DQG�DOVR�UHFRPSUHVV�ROGHU�GDWD�LQ
E]LS�IRUPDW�WR�VDYH�RQ�VSDFH��$OWKRXJK�FRQILJXUDWLRQV�DUH�ODUJHO\�V\PPHWULFDO�IURP�D
GLVN�VWRUDJH�SRLQW�RI�YLHZ��DGGLQJ�D�VHSDUDWH�WLHU�RI�KLJK�VWRUDJH�GHQVLW\�PDFKLQHV�WR
KROG�ROGHU�GDWD�PD\�SURYH�EHQHILFLDO��7KLV�ZLOO�PDNH�LW�FKHDSHU�WR�VWRUH�DUFKLYDO�GDWD
LQ�+DGRRS��+RZHYHU�� DFFHVV� WR� VXFK�GDWD� VKRXOG�EH� WUDQVSDUHQW��:H�DUH� FXUUHQWO\
ZRUNLQJ�RQ�D�GDWD�DUFKLYDO�OD\HU�WR�PDNH�WKLV�SRVVLEOH�DQG�WR�XQLI\�DOO�WKH�DVSHFWV�RI
GHDOLQJ�ZLWK�ROGHU�GDWD�
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Scribe-HDFS integration
&XUUHQWO\��6FULEH�ZULWHV�WR�D�KDQGIXO�RI�1)6�ILOHUV�IURP�ZKHUH�GDWD�LV�SLFNHG�XS�DQG
GHOLYHUHG� WR�+')6�E\�FXVWRP�FRSLHU� MREV��DV�GHVFULEHG�HDUOLHU��:H�DUH�ZRUNLQJ�RQ
PDNLQJ�6FULEH�ZULWH�GLUHFWO\�WR�DQRWKHU�+')6�LQVWDQFH��7KLV�ZLOO�PDNH�LW�YHU\�HDV\�WR
VFDOH�DQG�DGPLQLVWHU�6FULEH��'XH�WR�WKH�KLJK�XSWLPH�UHTXLUHPHQWV�IRU�6FULEH��LWV�WDUJHW
+')6�LQVWDQFH�LV�OLNHO\�WR�EH�GLIIHUHQW�IURP�WKH�SURGXFWLRQ�+')6�LQVWDQFH��VR�WKDW�LW
LV�LVRODWHG�IURP�DQ\�ORDG�GRZQWLPH�LVVXHV�GXH�WR�XVHU�MREV��

Improvements to Hive
+LYH�LV�VWLOO�XQGHU�DFWLYH�GHYHORSPHQW��:H�DUH�ZRUNLQJ�RQ�D�QXPEHU�RI�NH\�IHDWXUHV�
VXFK�DV�VXSSRUW�IRU�RUGHU�E\�DQG�KDYLQJ�FODXVH�VXSSRUWV��PRUH�DJJUHJDWH�IXQFWLRQV�
PRUH�EXLOW�LQ�IXQFWLRQV��D�GDWHWLPH�GDWD�W\SH��DQG�VR�RQ��$W�WKH�VDPH�WLPH��D�QXPEHU
RI�SHUIRUPDQFH�RSWLPL]DWLRQV�DUH�EHLQJ�ZRUNHG�RQ��VXFK�DV�SUHGLFDWH�SXVKGRZQ�DQG
FRPPRQ�VXEH[SUHVVLRQ�HOLPLQDWLRQ��2Q�WKH�LQWHJUDWLRQ�VLGH��-'%&�DQG�2'%&�GULYHUV
DUH�EHLQJ�GHYHORSHG�LQ�RUGHU�WR�LQWHJUDWH�ZLWK�2/$3�DQG�%,�WRROV��:LWK�DOO�WKHVH�RSWL�
PL]DWLRQV��ZH�KRSH�WKDW�ZH�FDQ�XQORFN�WKH�SRZHU�RI�0DS5HGXFH�DQG�+DGRRS��DQG
EULQJ�LW�FORVHU�WR�QRQHQJLQHHULQJ�FRPPXQLWLHV�DV�ZHOO�DV�ZLWKLQ�)DFHERRN��)RU�PRUH
LQIRUPDWLRQ�RQ�WKLV�SURMHFW��SOHDVH�YLVLW�KWWS���KDGRRS�DSDFKH�RUJ�KLYH��

¢-R\GHHS�6HQ�6DUPD�DQG�$VKLVK�7KXVRR

Nutch Search Engine
1XWFK�LV�D�IUDPHZRUN�IRU�EXLOGLQJ�VFDODEOH�,QWHUQHW�FUDZOHUV�DQG�VHDUFK�HQJLQHV��,W¦V
DQ�$SDFKH�6RIWZDUH�)RXQGDWLRQ�SURMHFW�DQG�D�VXESURMHFW�RI�/XFHQH��DQG�LW¦V�DYDLODEOH
XQGHU�WKH�$SDFKH�����OLFHQVH�

:H�ZRQ¦W�JR�GHHSO\�LQWR�WKH�DQDWRP\�RI�D�ZHE�FUDZOHU�DV�VXFK��LQVWHDG��WKH�SXUSRVH
RI�WKLV�FDVH�VWXG\�LV�WR�VKRZ�KRZ�+DGRRS�FDQ�EH�XVHG�WR�LPSOHPHQW�YDULRXV�FRPSOH[
SURFHVVLQJ�WDVNV�W\SLFDO�IRU�D�VHDUFK�HQJLQH��,QWHUHVWHG�UHDGHUV�FDQ�ILQG�SOHQW\�RI�1XWFK�
VSHFLILF�LQIRUPDWLRQ�RQ�WKH�RIILFLDO�VLWH�RI�WKH�SURMHFW��KWWS���OXFHQH�DSDFKH�RUJ�QXWFK��
6XIILFH�LW�WR�VD\�WKDW�LQ�RUGHU�WR�FUHDWH�DQG�PDLQWDLQ�D�VHDUFK�HQJLQH��RQH�QHHGV�WKH
IROORZLQJ�VXEV\VWHPV�

'DWDEDVH�RI�SDJHV
7KLV�GDWDEDVH�NHHSV�WUDFN�RI�DOO�SDJHV�NQRZQ�WR�WKH�FUDZOHU�DQG�WKHLU�VWDWXV��VXFK
DV� WKH� ODVW� WLPH� LW� YLVLWHG� WKH�SDJH�� LWV� IHWFKLQJ� VWDWXV�� UHIUHVK� LQWHUYDO�� FRQWHQW
FKHFNVXP��HWF��,Q�1XWFK�WHUPLQRORJ\��WKLV�GDWDEDVH�LV�FDOOHG�&UDZO'E�

/LVW�RI�SDJHV�WR�IHWFK
$V�FUDZOHUV�SHULRGLFDOO\�UHIUHVK�WKHLU�YLHZ�RI�WKH�:HE��WKH\�GRZQORDG�QHZ�SDJHV
�SUHYLRXVO\�XQVHHQ��RU�UHIUHVK�SDJHV�WKDW�WKH\�WKLQN�KDYH�DOUHDG\�H[SLUHG��1XWFK
FDOOV�VXFK�D�OLVW�RI�FDQGLGDWH�SDJHV�SUHSDUHG�IRU�IHWFKLQJ�D�IHWFKOLVW�
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5DZ�SDJH�GDWD
3DJH�FRQWHQW�LV�GRZQORDGHG�IURP�UHPRWH�VLWHV�DQG�VWRUHG�ORFDOO\�LQ�WKH�RULJLQDO
XQLQWHUSUHWHG�IRUPDW��DV�D�E\WH�DUUD\��7KLV�GDWD�LV�FDOOHG�WKH�SDJH�FRQWHQW�LQ�1XWFK�

3DUVHG�SDJH�GDWD
3DJH�FRQWHQW� LV� WKHQ�SDUVHG�XVLQJ�D�VXLWDEOH�SDUVHU��1XWFK�SURYLGHV�SDUVHUV� IRU
GRFXPHQWV�LQ�PDQ\�SRSXODU�IRUPDWV��VXFK�DV�+70/��3')��2SHQ�2IILFH�DQG�0L�
FURVRIW�2IILFH��566��DQG�RWKHUV�

/LQN�JUDSK�GDWDEDVH
7KLV�GDWDEDVH� LV�QHFHVVDU\� WR�FRPSXWH� OLQN�EDVHG�SDJH� UDQNLQJ� VFRUHV�� VXFK�DV
3DJH5DQN��)RU�HDFK�85/�NQRZQ�WR�1XWFK��LW�FRQWDLQV�D�OLVW�RI�RWKHU�85/V�SRLQWLQJ
WR� LW� DQG� WKHLU� DVVRFLDWHG� DQFKRU� WH[W� �IURP� +70/ <a href="..">anchor
text</a> elements���7KLV�GDWDEDVH�LV�FDOOHG�/LQN'E�

)XOO�WH[W�VHDUFK�LQGH[
7KLV�LV�D�FODVVLFDO�LQYHUWHG�LQGH[��EXLOW�IURP�WKH�FROOHFWHG�SDJH�PHWDGDWD�DQG�IURP
WKH� H[WUDFWHG� SODLQ�WH[W� FRQWHQW�� ,W� LV� LPSOHPHQWHG� XVLQJ� WKH� H[FHOOHQW� /XFHQH
OLEUDU\�

:H�EULHIO\�PHQWLRQHG�EHIRUH� WKDW�+DGRRS�EHJDQ� LWV� OLIH�DV�D�FRPSRQHQW� LQ�1XWFK�
LQWHQGHG�WR�LPSURYH�LWV�VFDODELOLW\�DQG�WR�DGGUHVV�FOHDU�SHUIRUPDQFH�ERWWOHQHFNV�FDXVHG
E\�D�FHQWUDOL]HG�GDWD�SURFHVVLQJ�PRGHO��1XWFK�ZDV�DOVR�WKH�ILUVW�SXEOLF�SURRI�RI�FRQFHSW
DSSOLFDWLRQ�SRUWHG�WR�WKH�IUDPHZRUN�WKDW�ZRXOG�ODWHU�EHFRPH�+DGRRS��DQG�WKH�HIIRUW
UHTXLUHG�WR�SRUW�1XWFK�DOJRULWKPV�DQG�GDWD�VWUXFWXUHV�WR�+DGRRS�SURYHG�WR�EH�VXU�
SULVLQJO\�VPDOO��7KLV�SUREDEO\�HQFRXUDJHG�WKH�IROORZLQJ�GHYHORSPHQW�RI�+DGRRS�DV�D
VHSDUDWH�VXESURMHFW�ZLWK�WKH�DLP�RI�SURYLGLQJ�D�UHXVDEOH�IUDPHZRUN�IRU�DSSOLFDWLRQV
RWKHU�WKDQ�1XWFK�

&XUUHQWO\��QHDUO\�DOO�1XWFK�WRROV�SURFHVV�GDWD�E\�UXQQLQJ�RQH�RU�PRUH�0DS5HGXFH�MREV�

Data Structures
7KHUH�DUH�VHYHUDO�PDMRU�GDWD�VWUXFWXUHV�PDLQWDLQHG�LQ�1XWFK��DQG�WKH\�DOO�PDNH�XVH�RI
+DGRRS�,�2�FODVVHV�DQG�IRUPDWV��'HSHQGLQJ�RQ�WKH�SXUSRVH�RI�WKH�GDWD�DQG�WKH�ZD\
LW¦V� DFFHVVHG� RQFH� LW¦V� FUHDWHG�� WKH� GDWD� LV� NHSW� XVLQJ� HLWKHU� +DGRRS� PDS� ILOHV� RU
VHTXHQFH�ILOHV�

6LQFH�WKH�GDWD�LV�SURGXFHG�DQG�SURFHVVHG�E\�0DS5HGXFH�MREV��ZKLFK�LQ�WXUQ�UXQ�VHYHUDO
PDS�DQG�UHGXFH�WDVNV��LWV�RQ�GLVN�OD\RXW�FRUUHVSRQGV�WR�WKH�FRPPRQ�+DGRRS�RXWSXW
IRUPDWV��WKDW�LV��MapFileOutputFormat�DQG�SequenceFileOutputFormat��6R�WR�EH�SUHFLVH�
ZH�VKRXOG�VD\�WKDW�GDWD�LV�NHSW�LQ�VHYHUDO�SDUWLDO�PDS�ILOHV�RU�VHTXHQFH�ILOHV��ZLWK�DV
PDQ\�SDUWV�DV�WKHUH�ZHUH�UHGXFH�WDVNV�LQ�WKH�MRE�WKDW�FUHDWHG�WKH�GDWD��)RU�VLPSOLFLW\�
ZH�RPLW�WKLV�GLVWLQFWLRQ�LQ�WKH�IROORZLQJ�VHFWLRQV�
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CrawlDb
&UDZO'E�VWRUHV�WKH�FXUUHQW�VWDWXV�RI�HDFK�85/�DV�D�PDS�ILOH�RI�<url, CrawlDatum>�
ZKHUH�NH\V�XVH�Text�DQG�YDOXHV�XVH�D�1XWFK�VSHFLILF�CrawlDatum�FODVV��ZKLFK�LPSOH�
PHQWV�WKH�Writable�LQWHUIDFH��

,Q�RUGHU�WR�SURYLGH�TXLFN�UDQGRP�DFFHVV�WR�WKH�UHFRUGV��VRPHWLPHV�XVHIXO�IRU�GLDJQRVWLF
UHDVRQV��ZKHQ�XVHUV�ZDQW�WR�H[DPLQH�LQGLYLGXDO�UHFRUGV�LQ�&UDZO'E���WKLV�GDWD�LV�VWRUHG
LQ�PDS�ILOHV�DQG�QRW�LQ�VHTXHQFH�ILOHV�

&UDZO'E�LV�LQLWLDOO\�FUHDWHG�XVLQJ�WKH�,QMHFWRU�WRRO��ZKLFK�VLPSO\�FRQYHUWV�D�SODLQ�WH[W
UHSUHVHQWDWLRQ�RI�WKH�LQLWLDO�OLVW�RI�85/V��FDOOHG�WKH�VHHG�OLVW��WR�D�PDS�ILOH�LQ�WKH�IRUPDW
GHVFULEHG�HDUOLHU��6XEVHTXHQWO\��LW�LV�XSGDWHG�ZLWK�WKH�LQIRUPDWLRQ�IURP�WKH�IHWFKHG
DQG�SDUVHG�SDJHV¢PRUH�RQ�WKDW�VKRUWO\�

LinkDb
7KLV�GDWDEDVH�VWRUHV�WKH�LQFRPLQJ�OLQN�LQIRUPDWLRQ�IRU�HYHU\�85/�NQRZQ�WR�1XWFK��,W
LV�D�PDS�ILOH�RI�<url, Inlinks>��ZKHUH�Inlinks�LV�D�OLVW�RI�85/�DQG�DQFKRU�WH[W�GDWD��,W¦V
ZRUWK�QRWLQJ�WKDW�WKLV�LQIRUPDWLRQ�LV�QRW�LPPHGLDWHO\�DYDLODEOH�GXULQJ�SDJH�FROOHFWLRQ�
EXW�WKH�UHYHUVH�LQIRUPDWLRQ�LV�DYDLODEOH��QDPHO\�WKDW�RI�RXWJRLQJ�OLQNV�IURP�D�SDJH��7KH
SURFHVV�RI�LQYHUWLQJ�WKLV�UHODWLRQVKLS�LV�LPSOHPHQWHG�DV�D�0DS5HGXFH�MRE��GHVFULEHG
VKRUWO\�

Segments
6HJPHQWV� LQ�1XWFK� SDUODQFH� FRUUHVSRQG� WR� IHWFKLQJ� DQG� SDUVLQJ� D� EDWFK� RI�85/V�
)LJXUH������SUHVHQWV�KRZ�VHJPHQWV�DUH�FUHDWHG�DQG�SURFHVVHG�

$� VHJPHQW� �ZKLFK� LV� UHDOO\� D�GLUHFWRU\� LQ�D� ILOHV\VWHP��FRQWDLQV� WKH� IROORZLQJ�SDUWV
�ZKLFK�DUH�VLPSO\�VXEGLUHFWRULHV�FRQWDLQLQJ�MapFileOutputFormat�RU�SequenceFileOut
putFormat�GDWD��

FRQWHQW
&RQWDLQV�WKH�UDZ�GDWD�RI�GRZQORDGHG�SDJHV�DV�D�PDS�ILOH�RI�<url, Content>��1XWFK
XVHV�D�PDS�ILOH�KHUH�EHFDXVH�LW�QHHGV�IDVW�UDQGRP�DFFHVV�LQ�RUGHU�WR�SUHVHQW�D�FDFKHG
YLHZ�RI�D�SDJH�

FUDZOBJHQHUDWH
&RQWDLQV�WKH�OLVW�RI�85/V�WR�EH�IHWFKHG��WRJHWKHU�ZLWK�WKHLU�FXUUHQW�VWDWXV�UHWULHYHG
IURP�&UDZO'E��DV�D�VHTXHQFH�ILOH�RI�<url, CrawlDatum>��7KLV�GDWD�XVHV�WKH�VHTXHQFH
ILOH� IRUPDW�� ILUVW� EHFDXVH� LW¦V� SURFHVVHG� VHTXHQWLDOO\�� DQG� VHFRQG� EHFDXVH� ZH
FRXOGQ¦W�VDWLVI\�WKH�PDS�ILOH�LQYDULDQWV�RI�VRUWHG�NH\V��:H�QHHG�WR�VSUHDG�85/V
WKDW�EHORQJ�WR�WKH�VDPH�KRVW�DV�IDU�DSDUW�DV�SRVVLEOH�WR�PLQLPL]H�WKH�ORDG�SHU�WDUJHW
KRVW��DQG�WKLV�PHDQV�WKDW�UHFRUGV�DUH�VRUWHG�PRUH�RU�OHVV�UDQGRPO\�

FUDZOBIHWFK
&RQWDLQV�VWDWXV�UHSRUWV�IURP�WKH�IHWFKLQJ��WKDW�LV��ZKHWKHU�LW�ZDV�VXFFHVVIXO��ZKDW
ZDV�WKH�UHVSRQVH�FRGH��HWF��7KLV�LV�VWRUHG�LQ�D�PDS�ILOH�RI�<url, CrawlDatum>�
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FUDZOBSDUVH
7KH�OLVW�RI�RXWOLQNV�IRU�HDFK�VXFFHVVIXOO\�IHWFKHG�DQG�SDUVHG�SDJH�LV�VWRUHG�KHUH�VR
WKDW�1XWFK�FDQ�H[SDQG�LWV�FUDZOLQJ�IURQWLHU�E\�OHDUQLQJ�QHZ�85/V�

SDUVHBGDWD
0HWDGDWD�FROOHFWHG�GXULQJ�SDUVLQJ��WKLV�LQFOXGHV��DPRQJ�RWKHUV��WKH�OLVW�RI�RXWJRLQJ
OLQNV��RXWOLQNV��IRU�D�SDJH��7KLV�LQIRUPDWLRQ�LV�FUXFLDO�ODWHU�RQ�WR�EXLOG�DQ�LQYHUWHG
JUDSK��RI�LQFRPLQJ�OLQNV��RU�LQOLQNV��

SDUVHBWH[W
3ODLQ�WH[W�YHUVLRQ�RI�WKH�SDJH��VXLWDEOH�IRU�LQGH[LQJ�LQ�/XFHQH��7KHVH�DUH�VWRUHG�DV
D� PDS� ILOH� RI� <url, ParseText>� VR� WKDW� 1XWFK� FDQ� DFFHVV� WKHP� TXLFNO\� ZKHQ
EXLOGLQJ�VXPPDULHV��VQLSSHWV��WR�GLVSOD\�WKH�OLVW�RI�VHDUFK�UHVXOWV�

1HZ�VHJPHQWV�DUH�FUHDWHG�IURP�&UDZO'E�ZKHQ�WKH�*HQHUDWRU�WRRO�LV�UXQ��ODEHOHG�DV��
LQ�)LJXUH��������DQG�LQLWLDOO\�FRQWDLQ�MXVW�D�OLVW�RI�85/V�WR�IHWFK��WKH�FUDZOBJHQHUDWH
VXEGLUHFWRU\���$V�WKLV�OLVW�LV�SURFHVVHG�LQ�VHYHUDO�VWHSV��WKH�VHJPHQW�FROOHFWV�RXWSXW�GDWD
IURP�WKH�SURFHVVLQJ�WRROV�LQ�D�VHW�RI�VXEGLUHFWRULHV�

)RU�H[DPSOH��WKH�FRQWHQW�SDUW�LV�SRSXODWHG�E\�D�WRRO�FDOOHG�)HWFKHU��ZKLFK�GRZQORDGV
UDZ�GDWD�IURP�85/V�RQ�WKH�IHWFKOLVW������7KLV�WRRO�DOVR�VDYHV�WKH�VWDWXV�LQIRUPDWLRQ�LQ�
FUDZOBIHWFK�VR�WKDW�WKLV�GDWD�FDQ�EH�XVHG�ODWHU�RQ�IRU�XSGDWLQJ�WKH�VWDWXV�RI�WKH�SDJH�LQ
&UDZO'E�

7KH�UHPDLQLQJ�SDUWV�RI�WKH�VHJPHQW�DUH�SRSXODWHG�E\�WKH�3DUVH�VHJPHQW�WRRO������ZKLFK
UHDGV�WKH�FRQWHQW�VHFWLRQ��VHOHFWV�DSSURSULDWH�FRQWHQW�SDUVHU�EDVHG�RQ�WKH�GHFODUHG��RU
GHWHFWHG��0,0(�W\SH��DQG�VDYHV� WKH� UHVXOWV�RI�SDUVLQJ� LQ� WKUHH�SDUWV��FUDZOBSDUVH��
SDUVHBGDWD��DQG�SDUVHBWH[W��7KLV�GDWD�LV�WKHQ�XVHG�WR�XSGDWH�WKH�&UDZO'E�ZLWK�QHZ
LQIRUPDWLRQ�����DQG�WR�FUHDWH�WKH�/LQN'E�����

)LJXUH�������6HJPHQWV
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6HJPHQWV�DUH�NHSW�DURXQG�XQWLO�DOO�SDJHV�SUHVHQW�LQ�WKHP�DUH�H[SLUHG��1XWFK�DSSOLHV�D
FRQILJXUDEOH�PD[LPXP�WLPH�OLPLW��DIWHU�ZKLFK�D�SDJH�LV�IRUFLEO\�VHOHFWHG�IRU�UHIHWFKLQJ�
WKLV�KHOSV�WKH�RSHUDWRU�SKDVH�RXW�DOO�VHJPHQWV�ROGHU�WKDQ�WKLV�OLPLW��EHFDXVH�VKH�FDQ�EH
VXUH�WKDW�E\�WKDW�WLPH��DOO�SDJHV�LQ�WKLV�VHJPHQW�ZRXOG�KDYH�EHHQ�UHIHWFKHG��

6HJPHQW� GDWD� LV� XVHG� WR� FUHDWH� /XFHQH� LQGH[HV� �SULPDULO\� WKH� SDUVHBWH[W� DQG�
SDUVHBGDWD�SDUWV����LQ�WKH�ILJXUH���EXW�LW�DOVR�SURYLGHV�D�GDWD�VWRUDJH�PHFKDQLVP�IRU
TXLFN�UHWULHYDO�RI�SODLQ�WH[W�DQG�UDZ�FRQWHQW�GDWD��7KH�IRUPHU�LV�QHHGHG�VR�WKDW�1XWFK
FDQ�JHQHUDWH�VQLSSHWV��IUDJPHQWV�RI�GRFXPHQW�WH[W�EHVW�PDWFKLQJ�D�TXHU\���WKH�ODWWHU
SURYLGHV�WKH�DELOLW\�WR�SUHVHQW�D�£FDFKHG�YLHZ¤�RI�WKH�SDJH��,Q�ERWK�FDVHV��WKLV�GDWD�LV
DFFHVVHG�GLUHFWO\�IURP�PDS�ILOHV�LQ�UHVSRQVH�WR�UHTXHVWV�IRU�VQLSSHW�JHQHUDWLRQ�RU�IRU
FDFKHG�FRQWHQW��,Q�SUDFWLFH��HYHQ�IRU�ODUJH�FROOHFWLRQV�WKH�SHUIRUPDQFH�RI�DFFHVVLQJ�GDWD
GLUHFWO\�IURP�PDS�ILOHV�LV�TXLWH�VXIILFLHQW�

Selected Examples of Hadoop Data Processing in Nutch
7KH�IROORZLQJ�VHFWLRQV�SUHVHQW�UHOHYDQW�GHWDLOV�RI�VRPH�1XWFK�WRROV�WR�LOOXVWUDWH�KRZ
WKH�0DS5HGXFH�SDUDGLJP�LV�DSSOLHG�WR�D�FRQFUHWH�GDWD�SURFHVVLQJ�WDVN�LQ�1XWFK�

Link inversion
+70/�SDJHV�FROOHFWHG�GXULQJ�FUDZOLQJ�FRQWDLQ�+70/�OLQNV��ZKLFK�PD\�SRLQW�HLWKHU
WR�WKH�VDPH�SDJH��LQWHUQDO�OLQNV��RU�WR�RWKHU�SDJHV��+70/�OLQNV�DUH�GLUHFWHG�IURP�VRXUFH
SDJH�WR�WDUJHW�SDJH��6HH�)LJXUH������

)LJXUH�������/LQN�LQYHUVLRQ

+RZHYHU��PRVW�DOJRULWKPV�IRU�FDOFXODWLQJ�D�SDJH¦V�LPSRUWDQFH��RU�TXDOLW\��QHHG�WKH
RSSRVLWH�LQIRUPDWLRQ��WKDW�LV��ZKDW�SDJHV�FRQWDLQ�RXWOLQNV�WKDW�SRLQW�WR�WKH�FXUUHQW
SDJH��7KLV�LQIRUPDWLRQ�LV�QRW�UHDGLO\�DYDLODEOH�ZKHQ�FUDZOLQJ��$OVR��WKH�LQGH[LQJ�SUR�
FHVV�EHQHILWV�IURP�WDNLQJ�LQWR�DFFRXQW�WKH�DQFKRU�WH[W�RQ�LQOLQNV�VR�WKDW�WKLV�WH[W�PD\
VHPDQWLFDOO\�HQULFK�WKH�WH[W�RI�WKH�FXUUHQW�SDJH�

$V�PHQWLRQHG�HDUOLHU��1XWFK�FROOHFWV�WKH�RXWOLQN�LQIRUPDWLRQ�DQG�WKHQ�XVHV�WKLV�GDWD
WR�EXLOG�D�/LQN'E��ZKLFK�FRQWDLQV�WKLV�UHYHUVHG�OLQN�GDWD�LQ�WKH�IRUP�RI�LQOLQNV�DQG
DQFKRU�WH[W�
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7KLV�VHFWLRQ�SUHVHQWV�D�URXJK�RXWOLQH�RI�WKH�LPSOHPHQWDWLRQ�RI�WKH�/LQN'E�WRRO��0DQ\
GHWDLOV�KDYH�EHHQ�RPLWWHG��VXFK�DV�85/�QRUPDOL]DWLRQ�DQG�ILOWHULQJ��LQ�RUGHU�WR�SUHVHQW
D� FOHDU� SLFWXUH� RI� WKH� SURFHVV�� :KDW¦V� OHIW� JLYHV� D� FODVVLFDO� H[DPSOH� RI� ZK\� WKH
0DS5HGXFH�SDUDGLJP�ILWV�VR�ZHOO�ZLWK�WKH�NH\�GDWD�WUDQVIRUPDWLRQ�SURFHVVHV�UHTXLUHG
WR�UXQ�D�VHDUFK�HQJLQH��/DUJH�VHDUFK�HQJLQHV�QHHG�WR�GHDO�ZLWK�PDVVLYH�ZHE�JUDSK�GDWD
�PDQ\�SDJHV�ZLWK�D� ORW�RI�RXWOLQNV�LQOLQNV���DQG� WKH�SDUDOOHOLVP�DQG� IDXOW� WROHUDQFH
RIIHUHG�E\�+DGRRS�PDNH�WKLV�SRVVLEOH��$GGLWLRQDOO\��LW¦V�HDV\�WR�H[SUHVV�WKH�OLQN�LQYHU�
VLRQ�XVLQJ�WKH�0DS�VRUW�5HGXFH�SULPLWLYHV��DV�LOOXVWUDWHG�QH[W�

7KH�VQLSSHW�KHUH�SUHVHQWV�WKH�MRE�LQLWLDOL]DWLRQ�RI�WKH�/LQN'E�WRRO�

JobConf job = new JobConf(configuration);
FileInputFormat.addInputPath(job, new Path(segmentPath, "parse_data"));
job.setInputFormat(SequenceFileInputFormat.class);
job.setMapperClass(LinkDb.class);
job.setReducerClass(LinkDb.class);
job.setOutputKeyClass(Text.class);
job.setOutputValueClass(Inlinks.class);
job.setOutputFormat(MapFileOutputFormat.class);
FileOutputFormat.setOutputPath(job, newLinkDbPath);

$V�ZH�FDQ�VHH��WKH�VRXUFH�GDWD�IRU�WKLV�MRE�LV�WKH�OLVW�RI�IHWFKHG�85/V��NH\V��DQG�WKH
FRUUHVSRQGLQJ�ParseData�UHFRUGV�WKDW�FRQWDLQ��DPRQJ�RWKHUV��WKH�RXWOLQN�LQIRUPDWLRQ
IRU�HDFK�SDJH�DV�DQ�DUUD\�RI�RXWOLQNV��$Q�RXWOLQN�FRQWDLQV�ERWK�WKH�WDUJHW�85/�DQG�WKH
DQFKRU�WH[W�

7KH�RXWSXW�IURP�WKH�MRE�LV�DJDLQ�D�OLVW�RI�85/V��NH\V���EXW�WKH�YDOXHV�DUH�LQVWDQFHV�RI
LQOLQNV��ZKLFK�LV�VLPSO\�D�VSHFLDOL]HG�VHW�RI�LQOLQNV�WKDW�FRQWDLQ�WDUJHW�85/V�DQG�DQFKRU
WH[W�

3HUKDSV�VXUSULVLQJO\��85/V�DUH�W\SLFDOO\�VWRUHG�DQG�SURFHVVHG�DV�SODLQ�WH[W�DQG�QRW�DV�
java.net.URL�RU�java.net.URI�LQVWDQFHV��7KHUH�DUH�VHYHUDO�UHDVRQV�IRU�WKLV��85/V�H[�
WUDFWHG�IURP�GRZQORDGHG�FRQWHQW�XVXDOO\�QHHG�QRUPDOL]DWLRQ��H�J���FRQYHUWLQJ�KRVW�
QDPHV�WR�ORZHUFDVH��UHVROYLQJ�UHODWLYH�SDWKV���DUH�RIWHQ�EURNHQ�RU�LQYDOLG��RU�UHIHU�WR
XQVXSSRUWHG� SURWRFROV��0DQ\�QRUPDOL]DWLRQ� DQG� ILOWHULQJ� RSHUDWLRQV� DUH� EHWWHU� H[�
SUHVVHG�DV�WH[W�SDWWHUQV�WKDW�VSDQ�VHYHUDO�SDUWV�RI�D�85/��$OVR��IRU�WKH�SXUSRVH�RI�OLQN
DQDO\VLV��ZH�PD\�VWLOO�ZDQW�WR�SURFHVV�DQG�FRXQW�LQYDOLG�85/V�

/HW¦V�WDNH�D�FORVHU�ORRN�QRZ�DW�WKH�map()�DQG�reduce()�LPSOHPHQWDWLRQV��,Q�WKLV�FDVH�
WKH\�DUH�VLPSOH�HQRXJK�WR�EH�LPSOHPHQWHG�LQ�WKH�ERG\�RI�WKH�VDPH�FODVV�

public void map(Text fromUrl, ParseData parseData,
    OutputCollector<Text, Inlinks> output, Reporter reporter) {
  ...
  Outlink[] outlinks = parseData.getOutlinks();
  Inlinks inlinks = new Inlinks();
  for (Outlink out : outlinks) {
    inlinks.clear(); // instance reuse to avoid excessive GC
    String toUrl = out.getToUrl();
    String anchor = out.getAnchor();
    inlinks.add(new Inlink(fromUrl, anchor));
    output.collect(new Text(toUrl), inlinks);
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  }
}

<RX�FDQ�VHH�IURP�WKLV�OLVWLQJ�WKDW�IRU�HDFK�Outlink��RXU�map()�LPSOHPHQWDWLRQ�SURGXFHV
D�SDLU�RI�<toUrl, Inlinks>��ZKHUH�Inlinks�FRQWDLQV� MXVW�D�VLQJOH�Inlink�FRQWDLQLQJ�
fromUrl�DQG�WKH�DQFKRU�WH[W��7KH�GLUHFWLRQ�RI�WKH�OLQN�KDV�EHHQ�LQYHUWHG�

6XEVHTXHQWO\��WKHVH�RQH�HOHPHQW�ORQJ�Inlinks�DUH�DJJUHJDWHG�LQ�WKH�reduce()�PHWKRG�

public void reduce(Text toUrl, Iterator<Inlinks> values,
    OutputCollector<Text, Inlinks> output, Reporter reporter) {
  Inlinks result = new Inlinks();
  while (values.hasNext()) {
    result.add(values.next());
  }
  output.collect(toUrl, result);
}

)URP�WKLV�FRGH��LW¦V�REYLRXV�WKDW�ZH�JRW�H[DFWO\�ZKDW�ZH�ZDQWHG¢WKDW�LV��D�OLVW�RI�DOO
fromUrls�WKDW�SRLQW�WR�RXU�toUrl��WRJHWKHU�ZLWK�WKHLU�DQFKRU�WH[W��7KH�LQYHUVLRQ�SURFHVV
KDV�EHHQ�DFFRPSOLVKHG�

7KLV�GDWD�LV�WKHQ�VDYHG�XVLQJ�WKH�MapFileOutputFormat�DQG�EHFRPHV�WKH�QHZ�YHUVLRQ�RI
/LQN'E�

Generation of fetchlists
/HW¦V�WDNH�D�ORRN�QRZ�DW�D�PRUH�FRPSOLFDWHG�XVH�FDVH��)HWFKOLVWV�DUH�SURGXFHG�IURP�WKH
&UDZO'E��ZKLFK�LV�D�PDS�ILOH�RI�<url, crawlDatum>��ZLWK�WKH�crawlDatum�FRQWDLQLQJ�D
VWDWXV�RI�WKLV�85/���DQG�WKH\�FRQWDLQ�85/V�UHDG\�WR�EH�IHWFKHG��ZKLFK�DUH�WKHQ�SUR�
FHVVHG�E\�WKH�1XWFK�)HWFKHU�WRRO��)HWFKHU�LV�LWVHOI�D�0DS5HGXFH�DSSOLFDWLRQ��GHVFULEHG
VKRUWO\���7KLV�PHDQV�WKDW�WKH�LQSXW�GDWD��SDUWLWLRQHG�LQ�1�SDUWV��ZLOO�EH�SURFHVVHG�E\
1�PDS�WDVNV��WKH�)HWFKHU�WRRO�HQIRUFHV�WKDW�SequenceFileInputFormat�VKRXOG�QRW�IXUWKHU
VSOLW�WKH�GDWD�LQWR�PRUH�SDUWV�WKDQ�WKHUH�DUH�DOUHDG\�LQSXW�SDUWLWLRQV��(DUOLHU��ZH�PHQ�
WLRQHG�EULHIO\�WKDW�IHWFKOLVWV�QHHG�WR�EH�JHQHUDWHG�LQ�D�VSHFLDO�ZD\�VR�WKDW�WKH�GDWD�LQ
HDFK�SDUW�RI�WKH�IHWFKOLVW��DQG�FRQVHTXHQWO\�SURFHVVHG�LQ�HDFK�PDS�WDVN��PHHWV�FHUWDLQ
UHTXLUHPHQWV�

�� $OO�85/V�IURP�WKH�VDPH�KRVW�QHHG�WR�HQG�XS�LQ�WKH�VDPH�SDUWLWLRQ��7KLV�LV�UHTXLUHG
VR� WKDW�1XWFK� FDQ� HDVLO\� LPSOHPHQW� LQ�-90�KRVW�OHYHO� EORFNLQJ� WR� DYRLG� RYHU�
ZKHOPLQJ�WDUJHW�KRVWV�

�� 85/V�IURP�WKH�VDPH�KRVW�VKRXOG�EH�DV�IDU�DSDUW�DV�SRVVLEOH��L�H���ZHOO�PL[HG�ZLWK
85/V�IURP�RWKHU�KRVWV��LQ�RUGHU�WR�PLQLPL]H�WKH�KRVW�OHYHO�EORFNLQJ�

�� 7KHUH�VKRXOG�EH�QR�PRUH�WKDQ�[�85/V�IURP�DQ\�VLQJOH�KRVW�VR�WKDW�ODUJH�VLWHV�ZLWK
PDQ\�85/V�GRQ¦W�GRPLQDWH�VPDOOHU�VLWHV��DQG�85/V�IURP�VPDOOHU�VLWHV�VWLOO�KDYH�D
FKDQFH�WR�EH�VFKHGXOHG�IRU�IHWFKLQJ��

�� 85/V�ZLWK�KLJK�VFRUHV�VKRXOG�EH�SUHIHUUHG�RYHU�85/V�ZLWK�ORZ�VFRUHV�
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�� 7KHUH�VKRXOG�EH��DW�PRVW��\�85/V�LQ�WRWDO�LQ�WKH�IHWFKOLVW�

�� 7KH�QXPEHU�RI�RXWSXW�SDUWLWLRQV�VKRXOG�PDWFK�WKH�RSWLPXP�QXPEHU�RI�IHWFKLQJ
PDS�WDVNV�

,Q�WKLV�FDVH��WZR�0DS5HGXFH�MREV�DUH�QHHGHG�WR�VDWLVI\�DOO�WKHVH�UHTXLUHPHQWV��DV�LOOXV�
WUDWHG�LQ�)LJXUH�������$JDLQ��LQ�WKH�IROORZLQJ�OLVWLQJV��ZH�DUH�JRLQJ�WR�VNLS�VRPH�GHWDLOV
RI�WKHVH�VWHSV�IRU�WKH�VDNH�RI�EUHYLW\�

)LJXUH�������*HQHUDWLRQ�RI�IHWFKOLVWV

,Q� WKLV� VWHS��1XWFK�UXQV�D�0DS5HGXFH
MRE�WR�VHOHFW�85/V�WKDW�DUH�FRQVLGHUHG�HOLJLEOH�IRU�IHWFKLQJ�DQG�WR�VRUW�WKHP�E\�WKHLU
VFRUH��D�IORDWLQJ�SRLQW�YDOXH�DVVLJQHG�WR�HDFK�85/��H�J���D�3DJH5DQN�VFRUH���7KH�LQSXW
GDWD�FRPHV�IURP�&UDZO'E��ZKLFK�LV�D�PDS�ILOH�RI�<url, datum>��7KH�RXWSXW�IURP�WKLV
MRE�LV�D�VHTXHQFH�ILOH�ZLWK�<score, <url, datum>>��VRUWHG�LQ�GHVFHQGLQJ�RUGHU�E\�VFRUH�

)LUVW��OHW¦V�ORRN�DW�WKH�MRE�VHWXS�

FileInputFormat.addInputPath(job, crawlDbPath);
job.setInputFormat(SequenceFileInputFormat.class);
job.setMapperClass(Selector.class);
job.setPartitionerClass(Selector.class);
job.setReducerClass(Selector.class);
FileOutputFormat.setOutputPath(job, tempDir);
job.setOutputFormat(SequenceFileOutputFormat.class);
job.setOutputKeyClass(FloatWritable.class);
job.setOutputKeyComparatorClass(DecreasingFloatComparator.class);
job.setOutputValueClass(SelectorEntry.class);

7KH�Selector�FODVV�LPSOHPHQWV�WKUHH�IXQFWLRQV��PDSSHU��UHGXFHU��DQG�SDUWLWLRQHU��7KH
ODVW� IXQFWLRQ� LV�HVSHFLDOO\� LQWHUHVWLQJ��Selector�XVHV�D�FXVWRP�Partitioner� WR�DVVLJQ
85/V�IURP�WKH�VDPH�KRVW�WR�WKH�VDPH�UHGXFH�WDVN�VR�WKDW�ZH�FDQ�VDWLVI\�FULWHULD��¡�
IURP�WKH�SUHYLRXV�OLVW��,I�ZH�GLGQ¦W�RYHUULGH�WKH�GHIDXOW�SDUWLWLRQHU��85/V�IURP�WKH�VDPH
KRVW�ZRXOG�HQG�XS�LQ�GLIIHUHQW�SDUWLWLRQV�RI�WKH�RXWSXW��DQG�ZH�ZRXOGQ¦W�EH�DEOH�WR
WUDFN�DQG�OLPLW�WKH�WRWDO�FRXQWV��EHFDXVH�0DS5HGXFH�WDVNV�GRQ¦W�FRPPXQLFDWH�EHWZHHQ
WKHPVHOYHV��$V� LW� LV�QRZ��DOO�85/V� WKDW�EHORQJ� WR� WKH� VDPH�KRVW�ZLOO� HQG�XS�EHLQJ

Step 1: Select, sort by score, limit by URL count per host.
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SURFHVVHG�E\�WKH�VDPH�UHGXFH�WDVN��ZKLFK�PHDQV�ZH�FDQ�FRQWURO�KRZ�PDQ\�85/V�SHU
KRVW�DUH�VHOHFWHG�

,W¦V�HDV\�WR�LPSOHPHQW�D�FXVWRP�SDUWLWLRQHU�VR�WKDW�GDWD�WKDW�QHHGV�WR�EH�SURFHVVHG�LQ
WKH� VDPH� WDVN� HQGV� XS� LQ� WKH� VDPH� SDUWLWLRQ�� /HW¦V� WDNH� D� ORRN� ILUVW� DW� KRZ� WKH�
Selector� FODVV� LPSOHPHQWV� WKH� Partitioner� LQWHUIDFH� �ZKLFK� FRQVLVWV� RI� D� VLQJOH
PHWKRG��

/** Partition by host. */
public int getPartition(FloatWritable key, Writable value, int numReduceTasks) {
  return hostPartitioner.getPartition(((SelectorEntry)value).url, key, 
    numReduceTasks);
}

7KH�PHWKRG�UHWXUQV�DQ�LQWHJHU�QXPEHU�IURP�0�WR�numReduceTasks - 1��,W�VLPSO\�UHSODFHV
WKH�NH\�ZLWK�WKH�RULJLQDO�85/�IURP�SelectorEntry�WR�SDVV�WKH�85/��LQVWHDG�RI�WKH�VFRUH�
WR�DQ�LQVWDQFH�RI�PartitionUrlByHost��ZKHUH�WKH�SDUWLWLRQ�QXPEHU�LV�FDOFXODWHG�

/** Hash by hostname. */
public int getPartition(Text key, Writable value, int numReduceTasks) {
  String urlString = key.toString();
  URL url = null;
  try {
    url = new URL(urlString);
  } catch (MalformedURLException e) {
    LOG.warn("Malformed URL: '" + urlString + "'");
  }
  int hashCode = (url == null ? urlString : url.getHost()).hashCode();
  // make hosts wind up in different partitions on different runs
  hashCode ^= seed;

  return (hashCode & Integer.MAX_VALUE) % numReduceTasks;
}

$V�\RX�FDQ�VHH�IURP�WKH�FRGH�VQLSSHW��WKH�SDUWLWLRQ�QXPEHU�LV�D�IXQFWLRQ�RI�RQO\�WKH
KRVW�SDUW�RI�WKH�85/��ZKLFK�PHDQV�WKDW�DOO�85/V�WKDW�EHORQJ�WR�WKH�VDPH�KRVW�ZLOO�HQG
XS�LQ�WKH�VDPH�SDUWLWLRQ�

7KH�RXWSXW�IURP�WKLV�MRE�LV�VRUWHG�LQ�GHFUHDVLQJ�RUGHU�E\�VFRUH��6LQFH�WKHUH�DUH�PDQ\
UHFRUGV�LQ�&UDZO'E�ZLWK�WKH�VDPH�VFRUH��ZH�FRXOGQ¦W�XVH�MapFileOutputFormat�EHFDXVH
ZH�ZRXOG�YLRODWH�WKH�PDS�ILOH¦V�LQYDULDQW�RI�VWULFW�NH\�RUGHULQJ�

2EVHUYDQW�UHDGHUV�ZLOO�QRWLFH�WKDW�ZH�KDG�WR�XVH�VRPHWKLQJ�RWKHU�WKDQ�WKH�RULJLQDO�NH\V�
EXW�ZH�VWLOO�ZDQW�WR�SUHVHUYH�WKH�RULJLQDO�NH\�YDOXH�SDLUV��:H�XVH�KHUH�D�SelectorEn
try�FODVV�WR�SDVV�WKH�RULJLQDO�NH\�YDOXH�SDLUV�WR�WKH�QH[W�VWHS�RI�SURFHVVLQJ�

Selector.reduce()�NHHSV�WUDFN�RI�WKH�WRWDO�QXPEHU�RI�85/V�DQG�WKH�PD[LPXP�QXPEHU
RI� 85/V� SHU� KRVW�� DQG� VLPSO\� GLVFDUGV� H[FHVVLYH� UHFRUGV�� 3OHDVH� QRWH� WKDW� WKH
HQIRUFHPHQW�RI�WKH�WRWDO�FRXQW�OLPLW�LV�QHFHVVDULO\�DSSUR[LPDWH��:H�FDOFXODWH�WKH�OLPLW
IRU�WKH�FXUUHQW�WDVN�DV�WKH�WRWDO�OLPLW�GLYLGHG�E\�WKH�QXPEHU�RI�UHGXFH�WDVNV��%XW�ZH
GRQ¦W�NQRZ�IRU�VXUH�IURP�ZLWKLQ�WKH�WDVN�WKDW�LW�LV�JRLQJ�WR�JHW�DQ�HTXDO�VKDUH�RI�85/V�
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LQGHHG��LQ�PRVW�FDVHV�LW�GRHVQ¦W��EHFDXVH�RI�WKH�XQHYHQ�GLVWULEXWLRQ�RI�85/V�DPRQJ
KRVWV��+RZHYHU��IRU�1XWFK�WKLV�DSSUR[LPDWLRQ�LV�VXIILFLHQW�

,Q� WKH�SUHYLRXV� VWHS��ZH� HQGHG�XS�ZLWK�D� VH�
TXHQFH� ILOH�RI�<score, selectorEntry>��1RZ�ZH�KDYH� WR�SURGXFH�D�VHTXHQFH� ILOH�RI
<url, datum>�DQG�VDWLVI\�FULWHULD�������DQG���MXVW�GHVFULEHG��7KH�LQSXW�GDWD�IRU�WKLV�VWHS
LV�WKH�RXWSXW�GDWD�SURGXFHG�LQ�VWHS���

7KH�IROORZLQJ�LV�D�VQLSSHW�VKRZLQJ�WKH�VHWXS�RI�WKLV�MRE�

FileInputFormat.addInputPath(job, tempDir);
job.setInputFormat(SequenceFileInputFormat.class);
job.setMapperClass(SelectorInverseMapper.class);
job.setMapOutputKeyClass(Text.class);
job.setMapOutputValueClass(SelectorEntry.class);
job.setPartitionerClass(PartitionUrlByHost.class);
job.setReducerClass(PartitionReducer.class);
job.setNumReduceTasks(numParts);
FileOutputFormat.setOutputPath(job, output);
job.setOutputFormat(SequenceFileOutputFormat.class);
job.setOutputKeyClass(Text.class);
job.setOutputValueClass(CrawlDatum.class);
job.setOutputKeyComparatorClass(HashComparator.class);

7KH�SelectorInverseMapper�FODVV�VLPSO\�GLVFDUGV�WKH�FXUUHQW�NH\��WKH�VFRUH�YDOXH���H[�
WUDFWV�WKH�RULJLQDO�85/�DQG�XVHV�LW�DV�D�NH\��DQG�XVHV�WKH�SelectorEntry�DV�WKH�YDOXH�
&DUHIXO� UHDGHUV�PD\�ZRQGHU�ZK\�ZH�GRQ¦W�JR�RQH� VWHS� IXUWKHU�� H[WUDFWLQJ�DOVR� WKH
RULJLQDO�CrawlDatum�DQG�XVLQJ�LW�DV�WKH�YDOXH¢PRUH�RQ�WKLV�VKRUWO\�

7KH�ILQDO�RXWSXW�IURP�WKLV�MRE�LV�D�VHTXHQFH�ILOH�RI�<Text, CrawlDatum>��EXW�RXU�RXWSXW
IURP�WKH�PDS�SKDVH�XVHV�<Text, SelectorEntry>��:H�KDYH�WR�VSHFLI\�WKDW�ZH�XVH�GLI�
IHUHQW�NH\�YDOXH�FODVVHV� IRU� WKH�PDS�RXWSXW��XVLQJ�WKH�setMapOutputKeyClass()�DQG�
setMapOutputValueClass()�VHWWHUV��2WKHUZLVH��+DGRRS�DVVXPHV�WKDW�ZH�XVH�WKH�VDPH
FODVVHV�DV�GHFODUHG�IRU�WKH�UHGXFH�RXWSXW��WKLV�FRQIOLFW�XVXDOO\�ZRXOG�FDXVH�D�MRE�WR�IDLO��

7KH�RXWSXW�IURP�WKH�PDS�SKDVH�LV�SDUWLWLRQHG�XVLQJ�WKH�PartitionUrlByHost�FODVV�VR
WKDW� LW� DJDLQ� DVVLJQV�85/V� IURP� WKH� VDPH�KRVW� WR� WKH� VDPH�SDUWLWLRQ��7KLV� VDWLVILHV
UHTXLUHPHQW���

2QFH�WKH�GDWD�LV�VKXIIOHG�IURP�PDS�WR�UHGXFH�WDVNV��LW¦V�VRUWHG�E\�+DGRRS�DFFRUGLQJ
WR�WKH�RXWSXW�NH\�FRPSDUDWRU��LQ�WKLV�FDVH�WKH�HashComparator��7KLV�FODVV�XVHV�D�VLPSOH
KDVKLQJ�VFKHPH�WR�PL[�85/V�LQ�D�ZD\�WKDW�LV�OHDVW�OLNHO\�WR�SXW�85/V�IURP�WKH�VDPH
KRVW�FORVH�WR�HDFK�RWKHU�

,Q�RUGHU�WR�PHHW�UHTXLUHPHQW����ZH�VHW�WKH�QXPEHU�RI�UHGXFH�WDVNV�WR�WKH�GHVLUHG�QXPEHU
RI�Fetcher�PDS�WDVNV��WKH�numParts�PHQWLRQHG�HDUOLHU���NHHSLQJ�LQ�PLQG�WKDW�HDFK�UHGXFH
SDUWLWLRQ�ZLOO�EH�XVHG�ODWHU�RQ�WR�FUHDWH�D�VLQJOH�Fetcher�PDS�WDVN�

7KH�PartitionReducer�FODVV�LV�UHVSRQVLEOH�IRU�WKH�ILQDO�VWHS��WKDW�LV��WR�FRQYHUW�<url,
selectorEntry>� WR�<url, crawlDatum>��$� VXUSULVLQJ� VLGH� HIIHFW� RI� XVLQJ� HashCompara
tor�LV�WKDW�VHYHUDO�85/V�PD\�EH�KDVKHG�WR�WKH�VDPH�KDVK�YDOXH��DQG�+DGRRS�ZLOO�FDOO

Step 2: Invert, partition by host, sort randomly.
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WKH�reduce()�PHWKRG��SDVVLQJ�RQO\�WKH�ILUVW�VXFK�NH\��DOO�RWKHU�NH\V�FRQVLGHUHG�HTXDO
ZLOO� EH� GLVFDUGHG�� 1RZ� LW� EHFRPHV� FOHDU� ZK\� ZH� KDG� WR� SUHVHUYH� DOO� 85/V� LQ
SelectorEntry�UHFRUGV��EHFDXVH�QRZ�ZH�FDQ�H[WUDFW�WKHP�IURP�WKH�LWHUDWHG�YDOXHV��+HUH
LV�WKH�LPSOHPHQWDWLRQ�RI�WKLV�PHWKRG�

public void reduce(Text key, Iterator<SelectorEntry> values,
    OutputCollector<Text, CrawlDatum> output, Reporter reporter) throws IOException {
  // when using HashComparator, we get only one input key in case of hash collisions
  // so use only URLs extracted from values
  while (values.hasNext()) {
    SelectorEntry entry = values.next();
    output.collect(entry.url, entry.datum);
  }
}

)LQDOO\�� WKH� RXWSXW� IURP� UHGXFH� WDVNV� LV� VWRUHG� DV� D� SequenceFileOutputFormat� LQ� D
FUDZOBJHQHUDWH� VXEGLUHFWRU\�RI� D�1XWFK� VHJPHQW�GLUHFWRU\��7KLV�RXWSXW� VDWLVILHV� DOO
FULWHULD�IURP���WR���

Fetcher: A multithreaded MapRunner in action
7KH�)HWFKHU�DSSOLFDWLRQ�LQ�1XWFK�LV�UHVSRQVLEOH�IRU�GRZQORDGLQJ�WKH�SDJH�FRQWHQW�IURP
UHPRWH�VLWHV��$V�VXFK��LW�LV�LPSRUWDQW�WKDW�WKH�SURFHVV�XVHV�HYHU\�RSSRUWXQLW\�IRU�SDU�
DOOHOLVP��LQ�RUGHU�WR�PLQLPL]H�WKH�WLPH�LW�WDNHV�WR�FUDZO�D�IHWFKOLVW�

7KHUH�LV�DOUHDG\�RQH�OHYHO�RI�SDUDOOHOLVP�SUHVHQW�LQ�)HWFKHU��PXOWLSOH�SDUWV�RI�WKH�LQSXW
IHWFKOLVWV�DUH�DVVLJQHG�WR�PXOWLSOH�PDS�WDVNV��+RZHYHU��LQ�SUDFWLFH�WKLV�LV�QRW�VXIILFLHQW�
VHTXHQWLDO�GRZQORDG�RI�85/V��IURP�GLIIHUHQW�KRVWV��VHH�WKH�HDUOLHU�VHFWLRQ�RQ�HashCom
parator���ZRXOG�EH�D�WUHPHQGRXV�ZDVWH�RI�WLPH��)RU�WKLV�UHDVRQ��WKH�)HWFKHU�PDS�WDVNV
SURFHVV�WKLV�GDWD�XVLQJ�PXOWLSOH�ZRUNHU�WKUHDGV�

+DGRRS�XVHV�WKH�MapRunner�FODVV�WR�LPSOHPHQW�WKH�VHTXHQWLDO�SURFHVVLQJ�RI�LQSXW�GDWD
UHFRUGV��7KH�Fetcher�FODVV�LPSOHPHQWV�LWV�RZQ�MapRunner�WKDW�XVHV�PXOWLSOH�WKUHDGV�WR
SURFHVV�LQSXW�UHFRUGV�LQ�SDUDOOHO�

/HW¦V�EHJLQ�ZLWK�WKH�VHWXS�RI�WKH�MRE�

job.setSpeculativeExecution(false);
FileInputFormat.addInputPath(job, "segment/crawl_generate");
job.setInputFormat(InputFormat.class);
job.setMapRunnerClass(Fetcher.class);
FileOutputFormat.setOutputPath(job, segment);
job.setOutputFormat(FetcherOutputFormat.class);
job.setOutputKeyClass(Text.class);
job.setOutputValueClass(NutchWritable.class);

)LUVW��ZH�WXUQ�RII�VSHFXODWLYH�H[HFXWLRQ��:H�FDQ¦W�UXQ�VHYHUDO�PDS�WDVNV�WR�GRZQORDG
FRQWHQW�IURP�WKH�VDPH�KRVWV��EHFDXVH�LW�ZRXOG�YLRODWH�WKH�KRVW�OHYHO�ORDG�OLPLWV��VXFK
DV�WKH�QXPEHU�RI�FRQFXUUHQW�UHTXHVWV�DQG�WKH�QXPEHU�RI�UHTXHVWV�SHU�VHFRQG��

1H[W��ZH�XVH�D�FXVWRP�InputFormat�LPSOHPHQWDWLRQ�WKDW�SUHYHQWV�+DGRRS�IURP�VSOLW�
WLQJ�SDUWLWLRQV�RI�LQSXW�GDWD�LQWR�VPDOOHU�FKXQNV��VSOLWV���WKXV�FUHDWLQJ�PRUH�PDS�WDVNV
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WKDQ�WKHUH�DUH�LQSXW�SDUWLWLRQV��7KLV�DJDLQ�HQVXUHV�WKDW�ZH�FRQWURO�KRVW�OHYHO�DFFHVV
OLPLWV�

2XWSXW�GDWD�LV�VWRUHG�XVLQJ�D�FXVWRP�OutputFormat�LPSOHPHQWDWLRQ��ZKLFK�XVHV�GDWD
FRQWDLQHG�LQ�NutchWritable�YDOXHV�WR�FUHDWH�VHYHUDO�RXWSXW�PDS�ILOHV�DQG�VHTXHQFH�ILOHV�
7KH�NutchWritable�FODVV�LV�D�VXEFODVV�RI�GenericWritable��DEOH�WR�SDVV�LQVWDQFHV�RI�VHY�
HUDO�GLIIHUHQW�Writable�FODVVHV�GHFODUHG�LQ�DGYDQFH�

7KH�)HWFKHU�FODVV�LPSOHPHQWV�WKH�MapRunner�LQWHUIDFH��DQG�ZH�VHW�WKLV�FODVV�DV�WKH�MRE¦V�
MapRunner�LPSOHPHQWDWLRQ��7KH�UHOHYDQW�SDUWV�RI�WKH�FRGH�DUH�OLVWHG�KHUH�

public void run(RecordReader<Text, CrawlDatum> input,
    OutputCollector<Text, NutchWritable> output,
                Reporter reporter) throws IOException {
  int threadCount = getConf().getInt("fetcher.threads.fetch", 10);
  feeder = new QueueFeeder(input, fetchQueues, threadCount * 50);
  feeder.start();

  for (int i = 0; i < threadCount; i++) {       // spawn threads
    new FetcherThread(getConf()).start();
  }
  do {                                          // wait for threads to exit
    try {
      Thread.sleep(1000);
    } catch (InterruptedException e) {}
    reportStatus(reporter);
  } while (activeThreads.get() > 0);
}

Fetcher�UHDGV�PDQ\�LQSXW�UHFRUGV�LQ�DGYDQFH��XVLQJ�WKH�QueueFeeder�WKUHDG�WKDW�SXWV
LQSXW�UHFRUGV�LQWR�D�VHW�RI�SHU�KRVW�TXHXHV��7KHQ�VHYHUDO�FetcherThread�LQVWDQFHV�DUH
VWDUWHG��ZKLFK�FRQVXPH�LWHPV�IURP�SHU�KRVW�TXHXHV��ZKLOH�QueueFeeder�NHHSV�UHDGLQJ
LQSXW�GDWD� WR�NHHS�WKH�TXHXHV� ILOOHG��(DFK�FetcherThread� FRQVXPHV� LWHPV� IURP�DQ\
QRQHPSW\�TXHXH�

,Q�WKH�PHDQWLPH��WKH�PDLQ�WKUHDG�RI�WKH�PDS�WDVN�VSLQV�DURXQG��ZDLWLQJ�IRU�DOO�WKUHDGV
WR�ILQLVK�WKHLU�MRE��3HULRGLFDOO\��LW�UHSRUWV�WKH�VWDWXV�WR�WKH�IUDPHZRUN�WR�HQVXUH�WKDW
+DGRRS�GRHVQ¦W�FRQVLGHU�WKLV�WDVN�WR�EH�GHDG�DQG�NLOO�LW��2QFH�DOO�LWHPV�DUH�SURFHVVHG�
WKH�ORRS�LV�ILQLVKHG�DQG�WKH�FRQWURO�LV�UHWXUQHG�WR�+DGRRS��ZKLFK�FRQVLGHUV�WKLV�PDS
WDVN�WR�EH�FRPSOHWHG�

Indexer: Using custom OutputFormat
7KLV�LV�DQ�H[DPSOH�RI�D�0DS5HGXFH�DSSOLFDWLRQ�WKDW�GRHVQ¦W�SURGXFH�VHTXHQFH�ILOH�RU
PDS�ILOH�RXWSXW��LQVWHDG��WKH�RXWSXW�IURP�WKLV�DSSOLFDWLRQ�LV�D�/XFHQH�LQGH[��$JDLQ��DV
0DS5HGXFH�DSSOLFDWLRQV�PD\�FRQVLVW�RI�VHYHUDO�UHGXFH�WDVNV��WKH�RXWSXW�IURP�WKLV�DS�
SOLFDWLRQ�PD\�FRQVLVW�RI�VHYHUDO�SDUWLDO�/XFHQH�LQGH[HV�

7KH�1XWFK�,QGH[HU�WRRO�XVHV�LQIRUPDWLRQ�IURP�&UDZO'E��/LQN'E��DQG�1XWFK�VHJPHQWV
�IHWFK�VWDWXV��SDUVLQJ�VWDWXV��SDJH�PHWDGDWD��DQG�SODLQ�WH[W�GDWD���VR�WKH�MRE�VHWXS�VHF�
WLRQ�LQYROYHV�DGGLQJ�VHYHUDO�LQSXW�SDWKV�
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FileInputFormat.addInputPath(job, crawlDbPath);
FileInputFormat.addInputPath(job, linkDbPath);
// add segment data
FileInputFormat.addInputPath(job, "segment/crawl_fetch");
FileInputFormat.addInputPath(job, "segment/crawl_parse");
FileInputFormat.addInputPath(job, "segment/parse_data");
FileInputFormat.addInputPath(job, "segment/parse_text");
job.setInputFormat(SequenceFileInputFormat.class);
job.setMapperClass(Indexer.class);
job.setReducerClass(Indexer.class);
FileOutputFormat.setOutputPath(job, indexDir);
job.setOutputFormat(OutputFormat.class);
job.setOutputKeyClass(Text.class);
job.setOutputValueClass(LuceneDocumentWrapper.class);

$OO�FRUUHVSRQGLQJ�UHFRUGV�IRU�D�85/�GLVSHUVHG�DPRQJ�WKHVH�LQSXW�ORFDWLRQV�QHHG�WR�EH
FRPELQHG�WR�FUHDWH�/XFHQH�GRFXPHQWV�IRU�DGGLWLRQ�WR�WKH�LQGH[�

7KH�Mapper�LPSOHPHQWDWLRQ�LQ�Indexer�VLPSO\�ZUDSV�LQSXW�GDWD��ZKDWHYHU�LWV�VRXUFH
DQG�LPSOHPHQWDWLRQ�FODVV��LQ�D�NutchWritable�VR�WKDW�WKH�UHGXFH�SKDVH�PD\�UHFHLYH�GDWD
IURP�GLIIHUHQW�VRXUFHV��XVLQJ�GLIIHUHQW�FODVVHV��DQG�VWLOO�EH�DEOH�WR�FRQVLVWHQWO\�GHFODUH
D�VLQJOH�RXWSXW�YDOXH�FODVV��DV�NutchWritable��IURP�ERWK�PDS�DQG�UHGXFH�VWHSV�

7KH�Reducer�LPSOHPHQWDWLRQ�LWHUDWHV�RYHU�DOO�YDOXHV�WKDW�IDOO�XQGHU�WKH�VDPH�NH\��85/��
XQZUDSV� WKH� GDWD� �IHWFK� CrawlDatum�� &UDZO'E� CrawlDatum�� /LQN'E� Inlinks�� Parse
Data��DQG�ParseText��DQG��XVLQJ�WKLV�LQIRUPDWLRQ��EXLOGV�D�/XFHQH�GRFXPHQW��ZKLFK�LV
WKHQ�ZUDSSHG�LQ�D�Writable�LuceneDocumentWrapper�DQG�FROOHFWHG�� ,Q�DGGLWLRQ�WR�DOO
WH[WXDO�FRQWHQW��FRPLQJ�HLWKHU�IURP�WKH�SODLQ�WH[W�GDWD�RU�IURP�PHWDGDWD���WKLV�GRFX�
PHQW�DOVR�FRQWDLQV�3DJH5DQN�OLNH�VFRUH�LQIRUPDWLRQ��REWDLQHG�IURP�&UDZO'E�GDWD��
1XWFK�XVHV�WKLV�VFRUH�WR�VHW�WKH�ERRVW�YDOXH�RI�WKH�/XFHQH�GRFXPHQW�

7KH�OutputFormat�LPSOHPHQWDWLRQ�LV�WKH�PRVW�LQWHUHVWLQJ�SDUW�RI�WKLV�WRRO�

public static class OutputFormat extends
    FileOutputFormat<WritableComparable, LuceneDocumentWrapper> {

  public RecordWriter<WritableComparable, LuceneDocumentWrapper>
      getRecordWriter(final FileSystem fs, JobConf job,
                      String name, final Progressable progress) throws IOException {
    final Path out = new Path(FileOutputFormat.getOutputPath(job), name);
    final IndexWriter writer = new IndexWriter(out.toString(),
                      new NutchDocumentAnalyzer(job), true);

    return new RecordWriter<WritableComparable, LuceneDocumentWrapper>() {
      boolean closed;
      public void write(WritableComparable key, LuceneDocumentWrapper value)
          throws IOException {                  // unwrap & index doc
        Document doc = value.get();
        writer.addDocument(doc);
        progress.progress();
      }
        
      public void close(final Reporter reporter) throws IOException {
        // spawn a thread to give progress heartbeats
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        Thread prog = new Thread() {
            public void run() {
              while (!closed) {
                try {
                  reporter.setStatus("closing");
                  Thread.sleep(1000);
                } catch (InterruptedException e) { continue; }
                  catch (Throwable e) { return; }
              }
            }
          };

        try {
          prog.start();
          // optimize & close index
          writer.optimize();
          writer.close();
        } finally {
          closed = true;
        }
      }
    };
}

:KHQ�DQ�LQVWDQFH�RI�RecordWriter�LV�UHTXHVWHG��WKH�OutputFormat�FUHDWHV�D�QHZ�/XFHQH
LQGH[�E\�RSHQLQJ�DQ�IndexWriter��7KHQ��IRU�HDFK�QHZ�RXWSXW�UHFRUG�FROOHFWHG�LQ�WKH
UHGXFH�PHWKRG�� LW� XQZUDSV� WKH� /XFHQH� GRFXPHQW� IURP� WKH� LuceneDocumentWrapper
YDOXH�DQG�DGGV�LW�WR�WKH�LQGH[�

:KHQ�D�UHGXFH�WDVN�LV�ILQLVKHG��+DGRRS�ZLOO�WU\�WR�FORVH�WKH�RecordWriter��,Q�WKLV�FDVH�
WKH�SURFHVV�RI�FORVLQJ�PD\�WDNH�D�ORQJ�WLPH�EHFDXVH�ZH�ZRXOG�OLNH�WR�RSWLPL]H�WKH�LQGH[
EHIRUH�FORVLQJ��'XULQJ�WKLV�WLPH��+DGRRS�PD\�FRQFOXGH�WKDW�WKH�WDVN�LV�KXQJ��VLQFH
WKHUH�DUH�QR�SURJUHVV�XSGDWHV��DQG�LW�PD\�DWWHPSW�WR�NLOO�LW��)RU�WKLV�UHDVRQ��ZH�ILUVW
VWDUW�D�EDFNJURXQG�WKUHDG�WR�JLYH�UHDVVXULQJ�SURJUHVV�XSGDWHV��DQG�WKHQ�SURFHHG�WR
SHUIRUP�WKH�LQGH[�RSWLPL]DWLRQ��2QFH�WKH�RSWLPL]DWLRQ�LV�FRPSOHWHG��ZH�VWRS�WKH�SUR�
JUHVV�XSGDWHU�WKUHDG��7KH�RXWSXW�LQGH[�LV�QRZ�FUHDWHG��RSWLPL]HG��DQG�FORVHG��DIWHU
ZKLFK�LW�LV�UHDG\�IRU�XVH�LQ�D�VHDUFKHU�DSSOLFDWLRQ�

Summary
7KLV�VKRUW�RYHUYLHZ�RI�1XWFK�QHFHVVDULO\�RPLWV�PDQ\�GHWDLOV��VXFK�DV�HUURU�KDQGOLQJ�
ORJJLQJ��85/� ILOWHULQJ� DQG� QRUPDOL]DWLRQ�� GHDOLQJ�ZLWK� UHGLUHFWV� RU� RWKHU� IRUPV� RI
£DOLDVHG¤�SDJHV��VXFK�DV�PLUURUV���UHPRYLQJ�GXSOLFDWH�FRQWHQW��FDOFXODWLQJ�3DJH5DQN
VFRULQJ��HWF��<RX�FDQ�ILQG�WKLV�DQG�PXFK�PRUH�LQIRUPDWLRQ�RQ�WKH�RIILFLDO�SDJH�RI�WKH
SURMHFW�DQG�RQ�WKH�ZLNL��KWWS���ZLNL�DSDFKH�RUJ�QXWFK��

7RGD\��1XWFK�LV�XVHG�E\�PDQ\�RUJDQL]DWLRQV�DQG�LQGLYLGXDO�XVHUV��6WLOO��RSHUDWLQJ�D
VHDUFK�HQJLQH�UHTXLUHV�QRQWULYLDO�LQYHVWPHQWV�LQ�KDUGZDUH��LQWHJUDWLRQ��FXVWRPL]DWLRQ�
DQG�WKH�PDLQWHQDQFH�RI�WKH�LQGH[��VR�LQ�PRVW�FDVHV��1XWFK�LV�XVHG�WR�EXLOG�FRPPHUFLDO
YHUWLFDO��RU�ILHOG�VSHFLILF�VHDUFK�HQJLQHV�
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1XWFK� LV�XQGHU�DFWLYH�GHYHORSPHQW��DQG�WKH�SURMHFW�FORVHO\� IROORZV�QHZ�UHOHDVHV�RI
+DGRRS��$V�VXFK��LW�ZLOO�FRQWLQXH�WR�EH�D�SUDFWLFDO�H[DPSOH�RI�D�UHDO�OLIH�DSSOLFDWLRQ
WKDW�XVHV�+DGRRS�DW�LWV�FRUH��ZLWK�H[FHOOHQW�UHVXOWV�

¢$QGU]HM�%LDÏHFNL

Log Processing at Rackspace
5DFNVSDFH�+RVWLQJ�KDV�DOZD\V�SURYLGHG�PDQDJHG�V\VWHPV�IRU�HQWHUSULVHV��DQG�LQ�WKDW
YHLQ��0DLOWUXVW�EHFDPH�5DFNVSDFH¦V�PDLO�GLYLVLRQ� LQ�)DOO�������5DFNVSDFH�FXUUHQWO\
KRVWV�HPDLO�IRU�RYHU���PLOOLRQ�XVHUV�DQG�WKRXVDQGV�RI�FRPSDQLHV�RQ�KXQGUHGV�RI�VHUYHUV�

Requirements/The Problem
7UDQVIHUULQJ�WKH�PDLO�JHQHUDWHG�E\�5DFNVSDFH�FXVWRPHUV�WKURXJK�WKH�V\VWHP�JHQHUDWHV
D�FRQVLGHUDEOH�£SDSHU¤�WUDLO��LQ�WKH�IRUP�RI�DURXQG�����*%�SHU�GD\�RI�ORJV�LQ�YDULRXV
IRUPDWV��,W�LV�H[WUHPHO\�KHOSIXO�WR�DJJUHJDWH�WKDW�GDWD�IRU�JURZWK�SODQQLQJ�SXUSRVHV
DQG�WR�XQGHUVWDQG�KRZ�FXVWRPHUV�XVH�RXU�DSSOLFDWLRQV��DQG�WKH�UHFRUGV�DUH�DOVR�D�ERRQ
IRU�WURXEOHVKRRWLQJ�SUREOHPV�LQ�WKH�V\VWHP�

,I�DQ�HPDLO�IDLOV�WR�EH�GHOLYHUHG��RU�D�FXVWRPHU�LV�XQDEOH�WR�ORJ�LQ��LW�LV�YLWDO�WKDW�RXU
FXVWRPHU�VXSSRUW�WHDP�LV�DEOH�WR�ILQG�HQRXJK�LQIRUPDWLRQ�DERXW�WKH�SUREOHP�WR�EHJLQ
WKH�GHEXJJLQJ�SURFHVV��7R�PDNH�LW�SRVVLEOH�WR�ILQG�WKDW�LQIRUPDWLRQ�TXLFNO\��ZH�FDQQRW
OHDYH�WKH�ORJV�RQ�WKH�PDFKLQHV�WKDW�JHQHUDWHG�WKHP�RU�LQ�WKHLU�RULJLQDO�IRUPDW��,QVWHDG�
ZH�XVH�+DGRRS�WR�GR�D�FRQVLGHUDEOH�DPRXQW�RI�SURFHVVLQJ��ZLWK�WKH�HQG�UHVXOW�EHLQJ
/XFHQH�LQGH[HV�WKDW�FXVWRPHU�VXSSRUW�FDQ�TXHU\�

Logs
7ZR�RI�RXU�KLJKHVW�YROXPH�ORJ�IRUPDWV�DUH�SURGXFHG�E\�WKH�3RVWIL[�PDLO�WUDQVIHU�DJHQW
DQG�0LFURVRIW� ([FKDQJH� 6HUYHU�� $OO�PDLO� WKDW� WUDYHOV� WKURXJK� RXU� V\VWHPV� WRXFKHV
3RVWIL[�DW�VRPH�SRLQW��DQG�WKH�PDMRULW\�RI�PHVVDJHV�WUDYHO�WKURXJK�PXOWLSOH�3RVWIL[
VHUYHUV��7KH�([FKDQJH�HQYLURQPHQW�LV�LQGHSHQGHQW�E\�QHFHVVLW\��EXW�RQH�FODVV�RI�3RVWIL[
PDFKLQHV�DFWV�DV�DQ�DGGHG� OD\HU�RI�SURWHFWLRQ�DQG�XVHV�6073�WR� WUDQVIHU�PHVVDJHV
EHWZHHQ�PDLOER[HV�KRVWHG�LQ�HDFK�HQYLURQPHQW�

7KH�PHVVDJHV�WUDYHO�WKURXJK�PDQ\�PDFKLQHV��EXW�HDFK�VHUYHU�NQRZV�RQO\�HQRXJK�DERXW
WKH�GHVWLQDWLRQ�RI�WKH�PDLO�WR�WUDQVIHU�LW�WR�WKH�QH[W�UHVSRQVLEOH�VHUYHU��7KXV��LQ�RUGHU
WR�EXLOG�WKH�FRPSOHWH�KLVWRU\�RI�D�PHVVDJH��RXU�ORJ�SURFHVVLQJ�V\VWHP�QHHGV�WR�KDYH�D
JOREDO�YLHZ�RI�WKH�V\VWHP��7KLV�LV�ZKHUH�+DGRRS�KHOSV�XV�LPPHQVHO\��DV�RXU�V\VWHP
JURZV��VR�GRHV�WKH�YROXPH�RI�ORJV��)RU�RXU�ORJ�SURFHVVLQJ�ORJLF�WR�VWD\�YLDEOH��ZH�KDG
WR� HQVXUH� WKDW� LW�ZRXOG� VFDOH�� DQG�0DS5HGXFH�ZDV� WKH�SHUIHFW� IUDPHZRUN� IRU� WKDW
JURZWK�
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Brief History
(DUOLHU�YHUVLRQV�RI�RXU�ORJ�SURFHVVLQJ�V\VWHP�ZHUH�EDVHG�RQ�0\64/��EXW�DV�ZH�JDLQHG
PRUH�DQG�PRUH�ORJJLQJ�PDFKLQHV��ZH�UHDFKHG�WKH�OLPLWV�RI�ZKDW�D�VLQJOH�0\64/�VHUYHU
FRXOG� SURFHVV�� 7KH� GDWDEDVH� VFKHPD�ZDV� DOUHDG\� UHDVRQDEO\� GHQRUPDOL]HG�� ZKLFK
ZRXOG�KDYH�PDGH�LW�OHVV�GLIILFXOW�WR�VKDUG��EXW�0\64/¦V�SDUWLWLRQLQJ�VXSSRUW�ZDV�VWLOO
YHU\�ZHDN�DW�WKDW�SRLQW�LQ�WLPH��5DWKHU�WKDQ�LPSOHPHQWLQJ�RXU�RZQ�VKDUGLQJ�DQG�SUR�
FHVVLQJ�VROXWLRQ�DURXQG�0\64/��ZH�FKRVH�WR�XVH�+DGRRS�

Choosing Hadoop
$V�VRRQ�DV�\RX�VKDUG�WKH�GDWD�LQ�D�5'%06�V\VWHP��\RX�ORVH�D�ORW�RI�WKH�DGYDQWDJHV�RI
64/�IRU�SHUIRUPLQJ�DQDO\VLV�RI�\RXU�GDWDVHW��+DGRRS�JLYHV�XV�WKH�DELOLW\�WR�HDVLO\�SUR�
FHVV�DOO�RI�RXU�GDWD�LQ�SDUDOOHO�XVLQJ�WKH�VDPH�DOJRULWKPV�ZH�ZRXOG�IRU�VPDOOHU�GDWDVHWV�

Collection and Storage

Log collection
7KH�VHUYHUV�JHQHUDWLQJ�WKH�ORJV�ZH�SURFHVV�DUH�GLVWULEXWHG�DFURVV�PXOWLSOH�GDWD�FHQWHUV�
EXW�ZH�FXUUHQWO\�KDYH�D�VLQJOH�+DGRRS�FOXVWHU��ORFDWHG�LQ�RQH�RI�WKRVH�GDWD�FHQWHUV��VHH
)LJXUH��������,Q�RUGHU�WR�DJJUHJDWH�WKH�ORJV�DQG�SODFH�WKHP�LQWR�WKH�FOXVWHU��ZH�XVH�WKH
8QL[�V\VORJ�UHSODFHPHQW�V\VORJ�QJ�DQG�VRPH�VLPSOH�VFULSWV�WR�FRQWURO�WKH�FUHDWLRQ�RI
ILOHV�LQ�+DGRRS�

)LJXUH�������+DGRRS�GDWD�IORZ�DW�5DFNVSDFH

:LWKLQ�D�GDWD�FHQWHU��V\VORJ�QJ�LV�XVHG�WR�WUDQVIHU�ORJV�IURP�D�VRXUFH�PDFKLQH�WR�D�ORDG�
EDODQFHG�VHW�RI�FROOHFWRU�PDFKLQHV��2Q�WKH�FROOHFWRUV��HDFK�W\SH�RI�ORJ�LV�DJJUHJDWHG�LQWR
D�VLQJOH�VWUHDP�DQG�OLJKWO\�FRPSUHVVHG�ZLWK�J]LS��VWHS�$�LQ�)LJXUH��������)URP�UHPRWH
FROOHFWRUV��ORJV�FDQ�EH�WUDQVIHUUHG�WKURXJK�DQ�66+�WXQQHO�FURVV�GDWD�FHQWHU�WR�FROOHFWRUV
WKDW�DUH�ORFDO�WR�WKH�+DGRRS�FOXVWHU��VWHS�%��
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2QFH�WKH�FRPSUHVVHG�ORJ�VWUHDP�UHDFKHV�D�ORFDO�FROOHFWRU��LW�FDQ�EH�ZULWWHQ�WR�+DGRRS
�VWHS�&���:H�FXUUHQWO\�XVH�D�VLPSOH�3\WKRQ�VFULSW�WKDW�EXIIHUV�LQSXW�GDWD�WR�GLVN�DQG
SHULRGLFDOO\�SXVKHV�WKH�GDWD�LQWR�WKH�+DGRRS�FOXVWHU�XVLQJ�WKH�+DGRRS�FRPPDQG�OLQH
LQWHUIDFH��7KH�VFULSW�FRSLHV�WKH�ORJ�EXIIHUV�WR�LQSXW�IROGHUV�LQ�+DGRRS�ZKHQ�WKH\�UHDFK
D�PXOWLSOH�RI�WKH�+DGRRS�EORFN�VL]H�RU�ZKHQ�HQRXJK�WLPH�KDV�SDVVHG�

7KLV�PHWKRG�RI�VHFXUHO\�DJJUHJDWLQJ�ORJV�IURP�GLIIHUHQW�GDWD�FHQWHUV�ZDV�GHYHORSHG
EHIRUH� 62&.HW� 6HFXUH� �62&.6�� VXSSRUW� ZDV� DGGHG� WR� +DGRRS� YLD� WKH
hadoop.rpc.socket.factory.class.default� SDUDPHWHU� DQG� SocksSocketFactory� FODVV�
%\�XVLQJ�62&.6�VXSSRUW�DQG�WKH�+')6�$3,�GLUHFWO\�IURP�UHPRWH�FROOHFWRUV��ZH�FRXOG
HOLPLQDWH�RQH�GLVN�ZULWH�DQG�D�ORW�RI�FRPSOH[LW\�IURP�WKH�V\VWHP��:H�SODQ�WR�LPSOHPHQW
D�UHSODFHPHQW�XVLQJ�WKHVH�IHDWXUHV�LQ�IXWXUH�GHYHORSPHQW�VSULQWV�

2QFH�WKH�UDZ�ORJV�KDYH�EHHQ�SODFHG�LQ�+DGRRS��WKH\�DUH�UHDG\�IRU�SURFHVVLQJ�E\�RXU
0DS5HGXFH�MREV�

Log storage
2XU�+DGRRS�FOXVWHU�FXUUHQWO\�FRQWDLQV����GDWDQRGHV�ZLWK�FRPPRGLW\�&38V�DQG�WKUHH
����*%�GLVNV�HDFK��:H�XVH�D�GHIDXOW�UHSOLFDWLRQ�IDFWRU�RI�WKUHH�IRU�ILOHV�WKDW�QHHG�WR
VXUYLYH�IRU�RXU�DUFKLYH�SHULRG�RI�VL[�PRQWKV�DQG�D�IDFWRU�RI�WZR�IRU�DQ\WKLQJ�HOVH�

7KH�+DGRRS�QDPHQRGH�XVHV�KDUGZDUH�LGHQWLFDO�WR�WKH�GDWDQRGHV��7R�SURYLGH�UHDVRQ�
DEO\�KLJK�DYDLODELOLW\��ZH�XVH�WZR�VHFRQGDU\�QDPHQRGHV�DQG�D�YLUWXDO�,3�WKDW�FDQ�HDVLO\
EH�SRLQWHG�DW�DQ\�RI�WKH�WKUHH�PDFKLQHV�ZLWK�VQDSVKRWV�RI�WKH�+')6��7KLV�PHDQV�WKDW
LQ�D�IDLORYHU�VLWXDWLRQ��WKHUH�LV�SRWHQWLDO�IRU�XV�WR�ORVH�XS�WR����PLQXWHV�RI�GDWD��GH�
SHQGLQJ�RQ�WKH�DJHV�RI�WKH�VQDSVKRWV�RQ�WKH�VHFRQGDU\�QDPHQRGHV��7KLV�LV�DFFHSWDEOH
IRU�RXU�ORJ�SURFHVVLQJ�DSSOLFDWLRQ��EXW�RWKHU�+DGRRS�DSSOLFDWLRQV�PD\�UHTXLUH�ORVVOHVV
IDLORYHU�E\�XVLQJ�VKDUHG�VWRUDJH�IRU�WKH�QDPHQRGH¦V�LPDJH�

MapReduce for Logs

Processing
,Q�GLVWULEXWHG�V\VWHPV��WKH�VDG�WUXWK�RI�XQLTXH�LGHQWLILHUV�LV�WKDW�WKH\�DUH�UDUHO\�WUXO\
XQLTXH��$OO�HPDLO�PHVVDJHV�KDYH�D��VXSSRVHGO\��XQLTXH�LGHQWLILHU�FDOOHG�D�PHVVDJH�LG
WKDW�LV�JHQHUDWHG�E\�WKH�KRVW�ZKHUH�WKH\�RULJLQDWHG��EXW�D�EDG�FOLHQW�FRXOG�HDVLO\�VHQG
RXW�GXSOLFDWHV��,Q�DGGLWLRQ��VLQFH�WKH�GHVLJQHUV�RI�3RVWIL[�FRXOG�QRW�WUXVW�WKH�PHVVDJH�
LG�WR�XQLTXHO\�LGHQWLI\�WKH�PHVVDJH��WKH\�ZHUH�IRUFHG�WR�FRPH�XS�ZLWK�D�VHSDUDWH�,'
FDOOHG�D�TXHXH�LG��ZKLFK�LV�JXDUDQWHHG�WR�EH�XQLTXH�RQO\�IRU�WKH�OLIHWLPH�RI�WKH�PHVVDJH
RQ�D�ORFDO�PDFKLQH�

$OWKRXJK�WKH�PHVVDJH�LG�WHQGV�WR�EH�WKH�GHILQLWLYH�LGHQWLILHU�IRU�D�PHVVDJH��LQ�3RVWIL[
ORJV��LW�LV�QHFHVVDU\�WR�XVH�TXHXH�LGV�WR�ILQG�WKH�PHVVDJH�LG��/RRNLQJ�DW�WKH�VHFRQG�OLQH
LQ�([DPSOH�������ZKLFK�LV�IRUPDWWHG�WR�EHWWHU�ILW�WKH�SDJH���\RX�ZLOO�VHH�WKH�KH[�VWULQJ
1DBD21B48AE��ZKLFK�LV�WKH�TXHXH�LG�RI�WKH�PHVVDJH�WKDW�WKH�ORJ�OLQH�UHIHUV�WR��%HFDXVH
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LQIRUPDWLRQ�DERXW�D�PHVVDJH��LQFOXGLQJ�LWV�PHVVDJH�LG��LV�RXWSXW�DV�VHSDUDWH�OLQHV�ZKHQ
LW�LV�FROOHFWHG��SRWHQWLDOO\�KRXUV�DSDUW���LW�LV�QHFHVVDU\�IRU�RXU�SDUVLQJ�FRGH�WR�NHHS�VWDWH
DERXW�PHVVDJHV�

([DPSOH�������3RVWIL[�ORJ�OLQHV

Nov 12 17:36:54 gate8.gate.sat.mlsrvr.com postfix/smtpd[2552]: connect from hostname
Nov 12 17:36:54 relay2.relay.sat.mlsrvr.com postfix/qmgr[9489]: 1DBD21B48AE: 
from=<mapreduce@rackspace.com>, size=5950, nrcpt=1 (queue active)
Nov 12 17:36:54 relay2.relay.sat.mlsrvr.com postfix/smtpd[28085]: disconnect from 
hostname
Nov 12 17:36:54 gate5.gate.sat.mlsrvr.com postfix/smtpd[22593]: too many errors 
after DATA from hostname
Nov 12 17:36:54 gate5.gate.sat.mlsrvr.com postfix/smtpd[22593]: disconnect from 
hostname
Nov 12 17:36:54 gate10.gate.sat.mlsrvr.com postfix/smtpd[10311]: connect from 
hostname 
Nov 12 17:36:54 relay2.relay.sat.mlsrvr.com postfix/smtp[28107]: D42001B48B5: 
to=<mapreduce@rackspace.com>, relay=hostname[ip], delay=0.32, delays=0.28/0/0/0.04, 
dsn=2.0.0, status=sent (250 2.0.0 Ok: queued as 1DBD21B48AE) 
Nov 12 17:36:54 gate20.gate.sat.mlsrvr.com postfix/smtpd[27168]: disconnect from 
hostname
Nov 12 17:36:54 gate5.gate.sat.mlsrvr.com postfix/qmgr[1209]: 645965A0224: removed
Nov 12 17:36:54 gate2.gate.sat.mlsrvr.com postfix/smtp[15928]: 732196384ED: to=<m
apreduce@rackspace.com>, relay=hostname[ip], conn_use=2, delay=0.69, delays=0.04/
0.44/0.04/0.17, dsn=2.0.0, status=sent (250 2.0.0 Ok: queued as 02E1544C005)
Nov 12 17:36:54 gate2.gate.sat.mlsrvr.com postfix/qmgr[13764]: 732196384ED: removed
Nov 12 17:36:54 gate1.gate.sat.mlsrvr.com postfix/smtpd[26394]: NOQUEUE: reject: RCP
T from hostname 554 5.7.1 <mapreduce@rackspace.com>: Client host rejected: The
sender's mail server is blocked; from=<mapreduce@rackspace.com> to=<mapred
uce@rackspace.com> proto=ESMTP helo=<mapreduce@rackspace.com>

)URP�D�0DS5HGXFH�SHUVSHFWLYH��HDFK�OLQH�RI�WKH�ORJ�LV�D�VLQJOH�NH\�YDOXH�SDLU��,Q�SKDVH
���ZH�QHHG�WR�PDS�DOO�OLQHV�ZLWK�D�VLQJOH�TXHXH�LG�NH\�WRJHWKHU��DQG�WKHQ�UHGXFH�WKHP
WR�GHWHUPLQH�ZKHWKHU�WKH�ORJ�PHVVDJH�YDOXHV�LQGLFDWH�WKDW�WKH�TXHXH�LG�LV�FRPSOHWH�

6LPLODUO\��RQFH�ZH�KDYH�D�FRPSOHWHG�WKH�TXHXH�LG�SKDVH�IRU�D�PHVVDJH��ZH�QHHG�WR�JURXS
E\�WKH�PHVVDJH�LG�LQ�SKDVH����:H�PDS�HDFK�FRPSOHWHG�TXHXH�LG�ZLWK�LWV�PHVVDJH�LG�DV
NH\�DQG�D�OLVW�RI�LWV�ORJ�OLQHV�DV�WKH�YDOXH��,Q�WKH�UHGXFH��ZH�GHWHUPLQH�ZKHWKHU�DOO�RI�WKH
TXHXH�LGV�IRU�WKH�PHVVDJH�LG�LQGLFDWH�WKDW�WKH�PHVVDJH�OHIW�RXU�V\VWHP�

7RJHWKHU��WKH�WZR�SKDVHV�RI�WKH�PDLO�ORJ�0DS5HGXFH�MRE�DQG�WKHLU�InputFormat�DQG�
OutputFormat�IRUP�D�W\SH�RI�VWDJHG�HYHQW�GULYHQ�DUFKLWHFWXUH��6('$���,Q�6('$��DQ�DS�
SOLFDWLRQ�LV�EURNHQ�XS�LQWR�PXOWLSOH�£VWDJHV�¤�ZKLFK�DUH�VHSDUDWHG�E\�TXHXHV��,Q�D�+D�
GRRS�FRQWH[W��D�TXHXH�FRXOG�EH�HLWKHU�DQ�LQSXW�IROGHU�LQ�+')6�WKDW�D�0DS5HGXFH�MRE
FRQVXPHV�IURP�RU�WKH� LPSOLFLW�TXHXH�WKDW�0DS5HGXFH�IRUPV�EHWZHHQ�WKH�PDS�DQG
UHGXFH�VWHSV�

,Q�)LJXUH�������WKH�DUURZV�EHWZHHQ�VWDJHV�UHSUHVHQW�WKH�TXHXHV��ZLWK�D�GDVKHG�DUURZ
EHLQJ�WKH�LPSOLFLW�0DS5HGXFH�TXHXH��(DFK�VWDJH�FDQ�VHQG�D�NH\�YDOXH�SDLU��6('$�FDOOV
WKHP�HYHQWV�RU�PHVVDJHV��WR�DQRWKHU�VWDJH�YLD�WKHVH�TXHXHV�
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)LJXUH�������0DS5HGXFH�FKDLQ

'XULQJ�WKH�ILUVW�SKDVH�RI�RXU�0DLO�ORJ�SURFHVVLQJ�MRE��WKH�LQSXWV�WR�WKH�PDS
VWDJH�DUH�HLWKHU�D�OLQH�QXPEHU�NH\�DQG�ORJ�PHVVDJH�YDOXH�RU�D�TXHXH�LG�NH\�WR�DQ�DUUD\
RI�ORJ�PHVVDJH�YDOXHV��7KH�ILUVW�W\SH�RI�LQSXW�LV�JHQHUDWHG�ZKHQ�ZH�SURFHVV�D�UDZ�ORJILOH
IURP�WKH�TXHXH�RI�LQSXW�ILOHV��DQG�WKH�VHFRQG�W\SH�LV�DQ�LQWHUPHGLDWH�IRUPDW�WKDW�UHS�
UHVHQWV�WKH�VWDWH�RI�D�TXHXH�LG�ZH�KDYH�DOUHDG\�DWWHPSWHG�WR�SURFHVV�EXW�WKDW�ZDV�UH�
TXHXHG�EHFDXVH�LW�ZDV�LQFRPSOHWH�

,Q�RUGHU�WR�DFFRPSOLVK�WKLV�GXDO�LQSXW��ZH�LPSOHPHQWHG�D�+DGRRS�InputFormat�WKDW
GHOHJDWHV�WKH�ZRUN�WR�DQ�XQGHUO\LQJ�SequenceFileRecordReader�RU�LineRecordReader�
GHSHQGLQJ�RQ�WKH�ILOH�H[WHQVLRQ�RI�WKH�LQSXW�FileSplit��7KH�WZR�LQSXW�IRUPDWV�FRPH
IURP�GLIIHUHQW�LQSXW�IROGHUV��TXHXHV��LQ�+')6�

'XULQJ�WKLV�SKDVH��WKH�UHGXFH�VWDJH�GHWHUPLQHV�ZKHWKHU�WKH�TXHXH�LG
KDV�HQRXJK�OLQHV�WR�EH�FRQVLGHUHG�FRPSOHWHG��,I�WKH�TXHXH�LG�LV�FRPSOHWHG��ZH�RXWSXW
WKH�PHVVDJH�LG�DV�NH\�DQG�D�HopWritable�REMHFW�DV�YDOXH��2WKHUZLVH��WKH�TXHXH�LG�LV�VHW
DV�WKH�NH\��DQG�WKH�DUUD\�RI�ORJ�OLQHV�LV�UHTXHXHG�WR�EH�0DSSHG�ZLWK�WKH�QH[W�VHW�RI�UDZ
ORJV��7KLV�ZLOO�FRQWLQXH�XQWLO�ZH�FRPSOHWH�WKH�TXHXH�LG�RU�XQWLO�LW�WLPHV�RXW�

Phase 1: Map.

Phase 1: Reduce.
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7KH� HopWritable� REMHFW� LV� D� 32-2� WKDW� LPSOHPHQWV� +DGRRS¦V�
Writable�LQWHUIDFH��,W�FRPSOHWHO\�GHVFULEHV�D�PHVVDJH�IURP�WKH�YLHZSRLQW
RI� D� VLQJOH� VHUYHU�� LQFOXGLQJ� WKH� VHQGLQJ�DGGUHVV�DQG� ,3�� DWWHPSWV� WR
GHOLYHU� WKH� PHVVDJH� WR� RWKHU� VHUYHUV�� DQG� W\SLFDO� PHVVDJH� KHDGHU
LQIRUPDWLRQ�

7KLV�VSOLW�RXWSXW�LV�DFFRPSOLVKHG�ZLWK�DQ�OutputFormat�LPSOHPHQWDWLRQ�WKDW�LV�VRPH�
ZKDW�V\PPHWULFDO�ZLWK�RXU�GXDO�InputFormat��2XU�MultiSequenceFileOutputFormat�ZDV
LPSOHPHQWHG�EHIRUH� WKH�+DGRRS�$3,�DGGHG�D�MultipleSequenceFileOutputFormat� LQ
UHOHDVH��������EXW�IXOILOOV�WKH�VDPH�W\SH�RI�JRDO��ZH�QHHGHG�RXU�UHGXFH�RXWSXW�SDLUV�WR
JR�WR�GLIIHUHQW�ILOHV��GHSHQGLQJ�RQ�FKDUDFWHULVWLFV�RI�WKHLU�NH\V�

,Q�WKH�QH[W�VWDJH�RI�WKH�PDLO�ORJ�SURFHVVLQJ�MRE��WKH�LQSXW�LV�D�PHVVDJH�LG
NH\��ZLWK�D�HopWritable�YDOXH�IURP�WKH�SUHYLRXV�SKDVH��7KLV�VWDJH�GRHV�QRW�FRQWDLQ�DQ\
ORJLF��LQVWHDG��LW�VLPSO\�FRPELQHV�WKH�LQSXWV�IURP�WKH�ILUVW�SKDVH�XVLQJ�WKH�VWDQGDUG�
SequenceFileInputFormat�DQG�IdentityMapper�

,Q� WKH� ILQDO� UHGXFH�VWDJH��ZH�ZDQW� WR�VHH�ZKHWKHU�DOO�RI� WKH�HopWrita
bleV�ZH�KDYH�FROOHFWHG�IRU�WKH�PHVVDJH�LG�UHSUHVHQW�D�FRPSOHWH�PHVVDJH�SDWK�WKURXJK
RXU�V\VWHP��$�PHVVDJH�SDWK�LV�HVVHQWLDOO\�D�GLUHFWHG�JUDSK��ZKLFK�LV�W\SLFDOO\�DF\FOLF�
EXW�LW�PD\�FRQWDLQ�ORRSV�LI�VHUYHUV�DUH�PLVFRQILJXUHG���,Q�WKLV�JUDSK��D�YHUWH[�LV�D�VHUYHU�
ZKLFK�FDQ�EH�ODEHOHG�ZLWK�PXOWLSOH�TXHXH�LGV��DQG�DWWHPSWV�WR�GHOLYHU�WKH�PHVVDJH�IURP
RQH�VHUYHU�WR�DQRWKHU�DUH�HGJHV��)RU�WKLV�SURFHVVLQJ��ZH�XVH�WKH�-*UDSK7�JUDSK�OLEUDU\�

)RU�RXWSXW��ZH�DJDLQ�XVH�WKH�MultiSequenceFileOutputFormat��,I�WKH�UHGXFHU�GHFLGHV
WKDW�DOO�RI� WKH�TXHXH�LGV� IRU�D�PHVVDJH�LG�FUHDWH�D�FRPSOHWH�PHVVDJH�SDWK�� WKHQ�WKH
PHVVDJH� LV� VHULDOL]HG� DQG� TXHXHG� IRU� WKH� SolrOutputFormat�� 2WKHUZLVH�� WKH�
HopWritableV�IRU�WKH�PHVVDJH�DUH�TXHXHG�IRU�WKH�SKDVH����PDS�VWDJH�WR�EH�UHSURFHVVHG
ZLWK�WKH�QH[W�EDWFK�RI�TXHXH�LGV�

7KH�SolrOutputFormat�FRQWDLQV�DQ�HPEHGGHG�$SDFKH�6ROU�LQVWDQFH¢LQ�WKH�IDVKLRQ�WKDW
ZDV�RULJLQDOO\� UHFRPPHQGHG�E\� WKH�6ROU�ZLNL¢WR�JHQHUDWH� DQ� LQGH[�RQ� ORFDO�GLVN�
&ORVLQJ�WKH�OutputFormat�WKHQ�LQYROYHV�FRPSUHVVLQJ�WKH�GLVN�LQGH[�WR�WKH�ILQDO�GHVWL�
QDWLRQ�IRU�WKH�RXWSXW�ILOH��7KLV�DSSURDFK�KDV�D�IHZ�DGYDQWDJHV�RYHU�XVLQJ�6ROU¦V�+773
LQWHUIDFH�RU�XVLQJ�/XFHQH�GLUHFWO\�

� :H�FDQ�HQIRUFH�D�6ROU�VFKHPD�

� 0DS�DQG�UHGXFH�UHPDLQ�LGHPSRWHQW�

� ,QGH[LQJ�ORDG�LV�UHPRYHG�IURP�WKH�VHDUFK�QRGHV�

:H�FXUUHQWO\�XVH�WKH�GHIDXOW�HashPartitioner�FODVV�WR�GHFLGH�ZKLFK�UHGXFH�WDVN�ZLOO
UHFHLYH�SDUWLFXODU�NH\V��ZKLFK�PHDQV�WKDW�WKH�NH\V�DUH�VHPLUDQGRPO\�GLVWULEXWHG��,Q�D
IXWXUH�LWHUDWLRQ�RI�WKH�V\VWHP��ZH¦G�OLNH�WR�LPSOHPHQW�D�QHZ�Partitioner�WR�VSOLW�E\�WKH
VHQGLQJ�DGGUHVV�LQVWHDG��RXU�PRVW�FRPPRQ�VHDUFK�WHUP���2QFH�WKH�LQGH[HV�DUH�VSOLW
E\�VHQGHU��ZH�FDQ�XVH�WKH�KDVK�RI�WKH�DGGUHVV�WR�GHWHUPLQH�ZKHUH�WR�PHUJH�RU�TXHU\
IRU�DQ�LQGH[��DQG�RXU�VHDUFK�$3,�ZLOO�QHHG�WR�FRPPXQLFDWH�RQO\�ZLWK�WKH�UHOHYDQW�QRGHV�

Phase 2: Map.

Phase 2: Reduce.
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Merging for near-term search
$IWHU�D�VHW�RI�0DS5HGXFH�SKDVHV�KDYH�FRPSOHWHG��D�GLIIHUHQW�VHW�RI�PDFKLQHV�DUH�QRWLILHG
RI�WKH�QHZ�LQGH[HV�DQG�FDQ�SXOO�WKHP�IRU�PHUJLQJ��7KHVH�VHDUFK�QRGHV�DUH�UXQQLQJ
$SDFKH�7RPFDW�DQG�6ROU�LQVWDQFHV�WR�KRVW�FRPSOHWHG�LQGH[HV��DORQJ�ZLWK�D�VHUYLFH�WR
SXOO�DQG�PHUJH�WKH�LQGH[HV�WR�ORFDO�GLVN��VWHS�'�LQ�)LJXUH�������

(DFK�FRPSUHVVHG�ILOH�IURP�SolrOutputFormat�LV�D�FRPSOHWH�/XFHQH�LQGH[��DQG�/XFHQH
SURYLGHV�WKH�IndexWriter.addIndexes()�PHWKRGV�IRU�TXLFNO\�PHUJLQJ�PXOWLSOH�LQGH[HV�
2XU�MergeAgent�VHUYLFH�GHFRPSUHVVHV�HDFK�QHZ�LQGH[�LQWR�D�/XFHQH�RAMDirectory�RU�
FSDirectory� �GHSHQGLQJ�RQ�VL]H���PHUJHV� WKHP�WR� ORFDO�GLVN��DQG�VHQGV�D�<commit/>
UHTXHVW�WR�WKH�6ROU� LQVWDQFH�KRVWLQJ�WKH�LQGH[�WR�PDNH�WKH�FKDQJHG�LQGH[�YLVLEOH�WR
TXHULHV�

7KH�4XHU\�0DQDJHPHQW�$3,�LV�D�WKLQ�OD\HU�RI�3+3�FRGH�WKDW�KDQGOHV�VKDUGLQJ
WKH�RXWSXW�LQGH[HV�DFURVV�DOO�RI�WKH�VHDUFK�QRGHV��:H�XVH�D�VLPSOH�LPSOHPHQWDWLRQ�RI
FRQVLVWHQW�KDVKLQJ�WR�GHFLGH�ZKLFK�VHDUFK�QRGHV�DUH�UHVSRQVLEOH�IRU�HDFK�LQGH[�ILOH�
&XUUHQWO\��LQGH[HV�DUH�VKDUGHG�E\�WKHLU�FUHDWLRQ�WLPH�DQG�WKHQ�E\�WKHLU�KDVKHG�ILOHQDPH�
EXW�ZH�SODQ�WR�UHSODFH�WKH�ILOHQDPH�KDVK�ZLWK�D�VHQGLQJ�DGGUHVV�KDVK�DW�VRPH�SRLQW�LQ
WKH�IXWXUH��VHH�£3KDVH����UHGXFH¤��

%HFDXVH�+')6�DOUHDG\�KDQGOHV�UHSOLFDWLRQ�RI�WKH�/XFHQH�LQGH[HV��WKHUH�LV�QR�QHHG�WR
NHHS�PXOWLSOH�FRSLHV�DYDLODEOH�LQ�6ROU��,QVWHDG��LQ�D�IDLORYHU�VLWXDWLRQ��WKH�VHDUFK�QRGH
LV�FRPSOHWHO\�UHPRYHG��DQG�RWKHU�QRGHV�EHFRPH�UHVSRQVLEOH�IRU�PHUJLQJ�WKH�LQGH[HV�

:LWK�WKLV�V\VWHP��ZH¦YH�DFKLHYHG�D����PLQXWH�WXUQDURXQG�WLPH�IURP�ORJ
JHQHUDWLRQ�WR�DYDLODELOLW\�RI�D�VHDUFK�UHVXOW�IRU�RXU�&XVWRPHU�6XSSRUW�WHDP�

2XU�VHDUFK�$3,�VXSSRUWV�WKH�IXOO�/XFHQH�TXHU\�V\QWD[��VR�ZH�FRPPRQO\�VHH�FRPSOH[
TXHULHV�OLNH�

sender:"mapreduce@rackspace.com" -recipient:"hadoop@rackspace.com" 
 recipient:"@rackspace.com" short-status:deferred timestamp:[1228140900 TO 2145916799]

(DFK�UHVXOW�UHWXUQHG�E\�D�TXHU\�LV�D�FRPSOHWH�VHULDOL]HG�PHVVDJH�SDWK�WKDW�LQGLFDWHV
ZKHWKHU�LQGLYLGXDO�VHUYHUV�DQG�UHFLSLHQWV�UHFHLYHG�WKH�PHVVDJH��:H�FXUUHQWO\�GLVSOD\
WKH�SDWK�DV�D��'�JUDSK��)LJXUH��������WKDW�WKH�XVHU�FDQ�LQWHUDFW�ZLWK�WR�H[SDQG�SRLQWV
RI�LQWHUHVW��EXW�WKHUH�LV�D�ORW�RI�URRP�IRU�LPSURYHPHQW�LQ�WKH�YLVXDOL]DWLRQ�RI�WKLV�GDWD�

Archiving for analysis
,Q�DGGLWLRQ�WR�SURYLGLQJ�VKRUW�WHUP�VHDUFK�IRU�&XVWRPHU�6XSSRUW��ZH�DUH�DOVR�LQWHUHVWHG
LQ�SHUIRUPLQJ�DQDO\VHV�RI�RXU�ORJ�GDWD�

Sharding.

Search results.
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(YHU\�QLJKW��ZH�UXQ�D�VHULHV�RI�0DS5HGXFH�MREV�ZLWK�WKH�GD\¦V�LQGH[HV�DV�LQSXW��:H
LPSOHPHQWHG�D�SolrInputFormat�WKDW�FDQ�SXOO�DQG�GHFRPSUHVV�DQ�LQGH[��DQG�HPLW�HDFK
GRFXPHQW�DV�D�NH\�YDOXH�SDLU��:LWK�WKLV�InputFormat��ZH�FDQ�LWHUDWH�RYHU�DOO�PHVVDJH
SDWKV�IRU�D�GD\�DQG�DQVZHU�DOPRVW�DQ\�TXHVWLRQ�DERXW�RXU�PDLO�V\VWHP��LQFOXGLQJ�

)LJXUH��������'DWD�WUHH

� 3HU�GRPDLQ�GDWD��YLUXVHV��VSDP��FRQQHFWLRQV��UHFLSLHQWV�

� 0RVW�HIIHFWLYH�VSDP�UXOHV

� /RDG�JHQHUDWHG�E\�VSHFLILF�XVHUV

� 5HDVRQV�IRU�PHVVDJH�ERXQFHV

� *HRJUDSKLFDO�VRXUFHV�RI�FRQQHFWLRQV

� $YHUDJH�ODWHQF\�EHWZHHQ�VSHFLILF�PDFKLQHV
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%HFDXVH�ZH�KDYH�PRQWKV�RI�FRPSUHVVHG�LQGH[HV�DUFKLYHG�LQ�+DGRRS��ZH�DUH�DOVR�DEOH
WR�UHWURVSHFWLYHO\�DQVZHU�TXHVWLRQV�WKDW�RXU�QLJKWO\�ORJ�VXPPDULHV�OHDYH�RXW��)RU�LQ�
VWDQFH��ZH�UHFHQWO\�ZDQWHG�WR�GHWHUPLQH�WKH�WRS�VHQGLQJ�,3�DGGUHVVHV�SHU�PRQWK��ZKLFK
ZH�DFFRPSOLVKHG�ZLWK�D�VLPSOH�RQH�RII�0DS5HGXFH�MRE�

¢6WX�+RRG

Cascading
&DVFDGLQJ�LV�DQ�RSHQ�VRXUFH�-DYD�OLEUDU\�DQG�$3,�WKDW�SURYLGHV�DQ�DEVWUDFWLRQ�OD\HU�IRU
0DS5HGXFH��,W�DOORZV�GHYHORSHUV�WR�EXLOG�FRPSOH[��PLVVLRQ�FULWLFDO�GDWD�SURFHVVLQJ
DSSOLFDWLRQV�WKDW�UXQ�RQ�+DGRRS�FOXVWHUV�

7KH�&DVFDGLQJ�SURMHFW�EHJDQ�LQ�WKH�VXPPHU�RI�������,WV�ILUVW�SXEOLF�UHOHDVH��YHUVLRQ
����� ODXQFKHG� LQ�-DQXDU\�������9HUVLRQ�����ZDV�UHOHDVHG� LQ�-DQXDU\�������%LQDULHV�
VRXUFH� FRGH�� DQG� DGG�RQ� PRGXOHV� FDQ� EH� GRZQORDGHG� IURP� WKH� SURMHFW� ZHEVLWH�
KWWS���ZZZ�FDVFDGLQJ�RUJ��

0DS�DQG�UHGXFH�RSHUDWLRQV�RIIHU�SRZHUIXO�SULPLWLYHV��+RZHYHU��WKH\�WHQG�WR�EH�DW�WKH
ZURQJ�OHYHO�RI�JUDQXODULW\�IRU�FUHDWLQJ�VRSKLVWLFDWHG��KLJKO\�FRPSRVDEOH�FRGH�WKDW�FDQ
EH�VKDUHG�DPRQJ�GLIIHUHQW�GHYHORSHUV��0RUHRYHU��PDQ\�GHYHORSHUV�ILQG�LW�GLIILFXOW�WR
£WKLQN¤�LQ�WHUPV�RI�0DS5HGXFH�ZKHQ�IDFHG�ZLWK�UHDO�ZRUOG�SUREOHPV�

7R�DGGUHVV�WKH�ILUVW�LVVXH��&DVFDGLQJ�VXEVWLWXWHV�WKH�NH\V�DQG�YDOXHV�XVHG�LQ�0DS5HGXFH
ZLWK�VLPSOH�ILHOG�QDPHV�DQG�D�GDWD�WXSOH�PRGHO��ZKHUH�D�WXSOH�LV�VLPSO\�D�OLVW�RI�YDOXHV�
)RU�WKH�VHFRQG�LVVXH��&DVFDGLQJ�GHSDUWV�IURP�PDS�DQG�UHGXFH�RSHUDWLRQV�GLUHFWO\�E\
LQWURGXFLQJ�KLJKHU�OHYHO�DEVWUDFWLRQV�DV�DOWHUQDWLYHV��FunctionV��FilterV��AggregatorV�
DQG�BufferV�

2WKHU�DOWHUQDWLYHV�EHJDQ�WR�HPHUJH�DW�DERXW�WKH�VDPH�WLPH�DV�WKH�SURMHFW¦V�LQLWLDO�SXEOLF
UHOHDVH��EXW�&DVFDGLQJ�ZDV�GHVLJQHG�WR�FRPSOHPHQW�WKHP��&RQVLGHU�WKDW�PRVW�RI�WKHVH
DOWHUQDWLYH�IUDPHZRUNV�LPSRVH�SUH��DQG�SRVW�FRQGLWLRQV��RU�RWKHU�H[SHFWDWLRQV�

)RU�H[DPSOH��LQ�VHYHUDO�RWKHU�0DS5HGXFH�WRROV��\RX�PXVW�SUHIRUPDW��ILOWHU��RU�LPSRUW
\RXU�GDWD�LQWR�+')6�SULRU�WR�UXQQLQJ�WKH�DSSOLFDWLRQ��7KDW�VWHS�RI�SUHSDULQJ�WKH�GDWD
PXVW�EH�SHUIRUPHG�RXWVLGH�RI�WKH�SURJUDPPLQJ�DEVWUDFWLRQ��,Q�FRQWUDVW��&DVFDGLQJ
SURYLGHV�WKH�PHDQV�WR�SUHSDUH�DQG�PDQDJH�\RXU�GDWD�DV�LQWHJUDO�SDUWV�RI�WKH�SURJUDP�
PLQJ�DEVWUDFWLRQ�

7KLV�FDVH�VWXG\�EHJLQV�ZLWK�DQ�LQWURGXFWLRQ�WR�WKH�PDLQ�FRQFHSWV�RI�&DVFDGLQJ��WKHQ
ILQLVKHV�ZLWK�DQ�RYHUYLHZ�RI�KRZ�6KDUH7KLV�XVHV�&DVFDGLQJ�LQ�LWV�LQIUDVWUXFWXUH�
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6HH�WKH�&DVFDGLQJ�8VHU�*XLGH�RQ�WKH�SURMHFW�ZHEVLWH�IRU�D�PRUH�LQ�GHSWK�SUHVHQWDWLRQ
RI�WKH�&DVFDGLQJ�SURFHVVLQJ�PRGHO�

Fields, Tuples, and Pipes
7KH�0DS5HGXFH�PRGHO�XVHV�NH\V�DQG�YDOXHV�WR�OLQN�LQSXW�GDWD�WR�WKH�PDS�IXQFWLRQ�
WKH�PDS�IXQFWLRQ�WR�WKH�UHGXFH�IXQFWLRQ��DQG�WKH�UHGXFH�IXQFWLRQ�WR�WKH�RXWSXW�GDWD�

%XW�DV�ZH�NQRZ�� UHDO�ZRUOG�+DGRRS�DSSOLFDWLRQV�XVXDOO\�FRQVLVW�RI�PRUH� WKDQ�RQH
0DS5HGXFH�MRE�FKDLQHG�WRJHWKHU��&RQVLGHU�WKH�FDQRQLFDO�ZRUG�FRXQW�H[DPSOH�LPSOH�
PHQWHG�LQ�0DS5HGXFH��,I�\RX�QHHGHG�WR�VRUW�WKH�QXPHULF�FRXQWV�LQ�GHVFHQGLQJ�RUGHU�
ZKLFK�LV�QRW�DQ�XQOLNHO\�UHTXLUHPHQW��LW�ZRXOG�QHHG�WR�EH�GRQH�LQ�D�VHFRQG�0DS5HGXFH
MRE�

6R��LQ�WKH�DEVWUDFW��NH\V�DQG�YDOXHV�QRW�RQO\�ELQG�PDS�WR�UHGXFH��EXW�UHGXFH�WR�WKH�QH[W
PDS��DQG�WKHQ�WR�WKH�QH[W�UHGXFH��DQG�VR�RQ��)LJXUH���������7KDW�LV��NH\�YDOXH�SDLUV
DUH�VRXUFHG�IURP�LQSXW�ILOHV�DQG�VWUHDP�WKURXJK�FKDLQV�RI�PDS�DQG�UHGXFH�RSHUDWLRQV�
DQG�ILQDOO\�UHVW�LQ�DQ�RXWSXW�ILOH��:KHQ�\RX�LPSOHPHQW�HQRXJK�RI�WKHVH�FKDLQHG�0DS�
5HGXFH�DSSOLFDWLRQV��\RX�VWDUW�WR�VHH�D�ZHOO�GHILQHG�VHW�RI�NH\�YDOXH�PDQLSXODWLRQV�XVHG
RYHU�DQG�RYHU�DJDLQ�WR�PRGLI\�WKH�NH\�YDOXH�GDWD�VWUHDP�

)LJXUH��������&RXQWLQJ�DQG�VRUWLQJ�LQ�0DS5HGXFH

&DVFDGLQJ�VLPSOLILHV�WKLV�E\�DEVWUDFWLQJ�DZD\�NH\V�DQG�YDOXHV�DQG�UHSODFLQJ�WKHP�ZLWK
WXSOHV�WKDW�KDYH�FRUUHVSRQGLQJ�ILHOG�QDPHV��VLPLODU�LQ�FRQFHSW�WR�WDEOHV�DQG�FROXPQ
QDPHV�LQ�D�UHODWLRQDO�GDWDEDVH��$QG�GXULQJ�SURFHVVLQJ��VWUHDPV�RI�WKHVH�ILHOGV�DQG�WXSOHV
DUH�WKHQ�PDQLSXODWHG�DV�WKH\�SDVV�WKURXJK�XVHU�GHILQHG�RSHUDWLRQV�OLQNHG�WRJHWKHU�E\
SLSHV��)LJXUH��������
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)LJXUH��������3LSHV�OLQNHG�E\�ILHOGV�DQG�WXSOHV

6R��0DS5HGXFH�NH\V�DQG�YDOXHV�DUH�UHGXFHG�WR�

)LHOGV
)LHOGV�DUH�D�FROOHFWLRQ�RI�HLWKHU�String�QDPHV��VXFK�DV�£ILUVWBQDPH¤���QXPHULF�SR�
VLWLRQV��VXFK�DV����RU�¡���IRU�WKH�WKLUG�DQG�ODVW�SRVLWLRQ��UHVSHFWLYHO\���RU�D�FRPEL�
QDWLRQ�RI�ERWK��YHU\�PXFK�OLNH�FROXPQ�QDPHV��6R�ILHOGV�DUH�XVHG�WR�GHFODUH�WKH
QDPHV�RI�YDOXHV�LQ�D�WXSOH�DQG�WR�VHOHFW�YDOXHV�E\�QDPH�IURP�D�WXSOH��7KH�ODWWHU�LV
OLNH�D�64/�select�FDOO�

7XSOH
$�WXSOH�LV�VLPSO\�DQ�DUUD\�RI�java.lang.Comparable�REMHFWV��$�WXSOH�LV�YHU\�PXFK
OLNH�D�GDWDEDVH�URZ�RU�UHFRUG�

$QG�WKH�PDS�DQG�UHGXFH�RSHUDWLRQV�DUH�DEVWUDFWHG�EHKLQG�RQH�RU�PRUH�SLSH�LQVWDQFHV
�)LJXUH��������

Each
7KH�Each�SLSH�SURFHVVHV�D�VLQJOH�LQSXW�WXSOH�DW�D�WLPH��,W�PD\�DSSO\�HLWKHU�D�Func
tion�RU�D�Filter�RSHUDWLRQ��GHVFULEHG�VKRUWO\��WR�WKH�LQSXW�WXSOH�

GroupBy
7KH�GroupBy�SLSH�JURXSV�WXSOHV�RQ�JURXSLQJ�ILHOGV��,W�EHKDYHV�MXVW�OLNH�WKH�64/
group by�VWDWHPHQW��,W�FDQ�DOVR�PHUJH�PXOWLSOH�LQSXW�WXSOH�VWUHDPV�LQWR�D�VLQJOH
VWUHDP�LI�WKH\�DOO�VKDUH�WKH�VDPH�ILHOG�QDPHV�

CoGroup
7KH�CoGroup�SLSH�MRLQV�PXOWLSOH�WXSOH�VWUHDPV�WRJHWKHU�E\�FRPPRQ�ILHOG�QDPHV�
DQG�LW�DOVR�JURXSV�WKH�WXSOHV�E\�WKH�FRPPRQ�JURXSLQJ�ILHOGV��$OO�VWDQGDUG�MRLQ�W\SHV
�LQQHU��RXWHU��HWF���DQG�FXVWRP�MRLQV�FDQ�EH�XVHG�DFURVV�WZR�RU�PRUH�WXSOH�VWUHDPV�
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)LJXUH��������3LSH�W\SHV

Every
7KH�Every�SLSH�SURFHVVHV�D�VLQJOH�JURXSLQJ�RI�WXSOHV�DW�D�WLPH��ZKHUH�WKH�JURXS
ZDV�JURXSHG�E\�D�GroupBy�RU�CoGroup�SLSH��7KH�Every�SLSH�PD\�DSSO\�HLWKHU�DQ
$JJUHJDWRU�RU�D�%XIIHU�RSHUDWLRQ�WR�WKH�JURXSLQJ�

SubAssembly
7KH�SubAssembly�SLSH�DOORZV�IRU�QHVWLQJ�RI�DVVHPEOLHV�LQVLGH�D�VLQJOH�SLSH��ZKLFK
FDQ��LQ�WXUQ��EH�QHVWHG�LQ�PRUH�FRPSOH[�DVVHPEOLHV�

$OO�WKHVH�SLSHV�DUH�FKDLQHG�WRJHWKHU�E\�WKH�GHYHORSHU�LQWR�£SLSH�DVVHPEOLHV¤�LQ�ZKLFK
HDFK�DVVHPEO\�FDQ�KDYH�PDQ\�LQSXW�WXSOH�VWUHDPV��VRXUFHV��DQG�PDQ\�RXWSXW�WXSOH
VWUHDPV��VLQNV���6HH�)LJXUH�������

)LJXUH��������$�VLPSOH�3LSH$VVHPEO\

2Q�WKH�VXUIDFH��WKLV�PLJKW�VHHP�PRUH�FRPSOH[�WKDQ�WKH�WUDGLWLRQDO�0DS5HGXFH�PRGHO�
$QG�DGPLWWHGO\�WKHUH�DUH�PRUH�FRQFHSWV�KHUH�WKDQ�0DS��5HGXFH��.H\��DQG�9DOXH��%XW
LQ�SUDFWLFH��WKHUH�DUH�PDQ\�PRUH�FRQFHSWV�WKDW�PXVW�DOO�ZRUN�LQ�WDQGHP�WR�SURYLGH
GLIIHUHQW�EHKDYLRUV�

)RU�H[DPSOH��LI�D�GHYHORSHU�ZDQWHG�WR�SURYLGH�D�£VHFRQGDU\�VRUWLQJ¤�RI�UHGXFHU�YDOXHV�
KH�ZRXOG�QHHG�WR�LPSOHPHQW�D�PDS��D�UHGXFH��D�£FRPSRVLWH¤�.H\��WZR�.H\V�QHVWHG�LQ
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D�SDUHQW�.H\���D�9DOXH��D�3DUWLWLRQHU��DQ�£RXWSXW�YDOXH�JURXSLQJ¤�&RPSDUDWRU��DQG�DQ
£RXWSXW�NH\¤�&RPSDUDWRU��DOO�RI�ZKLFK�ZRXOG�EH�FRXSOHG�WR�RQH�DQRWKHU�LQ�YDU\LQJ
ZD\V�DQG��YHU\�OLNHO\��ZRXOG�QRW�EH�UHXVDEOH�LQ�VXEVHTXHQW�DSSOLFDWLRQV�

,Q�&DVFDGLQJ�� WKLV�ZRXOG� EH� RQH� OLQH� RI� FRGH�� new GroupBy(<previous>, <grouping
fields>, <secondary sorting fields>)��ZKHUH�previous�LV�WKH�SLSH�WKDW�FDPH�EHIRUH�

Operations
$V�PHQWLRQHG�HDUOLHU��&DVFDGLQJ�GHSDUWV�IURP�0DS5HGXFH�E\�LQWURGXFLQJ�DOWHUQDWLYH
RSHUDWLRQV�WKDW�DUH�DSSOLHG�HLWKHU�WR�LQGLYLGXDO�WXSOHV�RU�JURXSV�RI�WXSOHV��)LJXUH��������

Function
$�Function�RSHUDWHV�RQ�LQGLYLGXDO�LQSXW�WXSOHV�DQG�PD\�UHWXUQ�]HUR�RU�PRUH�RXWSXW
WXSOHV�IRU�HYHU\�RQH�LQSXW��)XQFWLRQV�DUH�DSSOLHG�E\�WKH�Each�SLSH�

Filter
$� Filter� LV� D� VSHFLDO� NLQG� RI� IXQFWLRQ� WKDW� UHWXUQV� D� %RROHDQ� YDOXH� LQGLFDWLQJ
ZKHWKHU� WKH� FXUUHQW� LQSXW� WXSOH� VKRXOG� EH� UHPRYHG� IURP� WKH� WXSOH� VWUHDP�� $
function�FRXOG�VHUYH�WKLV�SXUSRVH��EXW�WKH�Filter�LV�RSWLPL]HG�IRU�WKLV�FDVH��DQG
PDQ\�ILOWHUV�FDQ�EH�JURXSHG�E\�£ORJLFDO¤�ILOWHUV�VXFK�DV�And��Or��Xor��DQG�Not��UDSLGO\
FUHDWLQJ�PRUH�FRPSOH[�ILOWHULQJ�RSHUDWLRQV�

Aggregator
$Q� Aggregator� SHUIRUPV� VRPH� RSHUDWLRQ� DJDLQVW� D� JURXS� RI� WXSOHV�� ZKHUH� WKH
JURXSHG� WXSOHV� DUH� JURXSHG�E\� D� FRPPRQ� VHW� RI� ILHOG� YDOXHV�� )RU� H[DPSOH�� DOO
WXSOHV�KDYLQJ�WKH�VDPH�£ODVW�QDPH¤�YDOXH��&RPPRQ�Aggregator�LPSOHPHQWDWLRQV
ZRXOG�EH�Sum��Count��Average��Max��DQG�Min�

Buffer
$�Buffer� LV�VLPLODU�WR�WKH�Aggregator��H[FHSW� LW� LV�RSWLPL]HG�WR�DFW�DV�D�£VOLGLQJ
ZLQGRZ¤�DFURVV�DOO�WKH�WXSOHV�LQ�D�XQLTXH�JURXSLQJ��7KLV�LV�XVHIXO�ZKHQ�WKH�GHYHO�
RSHU�QHHGV�WR�HIILFLHQWO\�LQVHUW�PLVVLQJ�YDOXHV�LQ�DQ�RUGHUHG�VHW�RI�WXSOHV��VXFK�DV
D�PLVVLQJ�GDWH�RU�GXUDWLRQ��RU�FUHDWH�D�UXQQLQJ�DYHUDJH��8VXDOO\�Aggregator�LV�WKH
RSHUDWLRQ� RI� FKRLFH� ZKHQ� ZRUNLQJ� ZLWK� JURXSV� RI� WXSOHV�� VLQFH� PDQ\�
Aggregators�FDQ�EH�FKDLQHG�WRJHWKHU�YHU\�HIILFLHQWO\��EXW�VRPHWLPHV�D�Buffer�LV�WKH
EHVW�WRRO�IRU�WKH�MRE�

2SHUDWLRQV�DUH�ERXQG�WR�SLSHV�ZKHQ�WKH�SLSH�DVVHPEO\�LV�FUHDWHG��)LJXUH��������

7KH�Each�DQG�Every�SLSHV�SURYLGH�D�VLPSOH�PHFKDQLVP�IRU�VHOHFWLQJ�VRPH�RU�DOO�YDOXHV
RXW�RI�DQ�LQSXW�WXSOH�EHIRUH�EHLQJ�SDVVHG�WR�LWV�FKLOG�RSHUDWLRQ��$QG�WKHUH�LV�D�VLPSOH
PHFKDQLVP�IRU�PHUJLQJ�WKH�RSHUDWLRQ�UHVXOWV�ZLWK�WKH�RULJLQDO�LQSXW�WXSOH�WR�FUHDWH�WKH
RXWSXW�WXSOH��:LWKRXW�JRLQJ�LQWR�JUHDW�GHWDLO��WKLV�DOORZV�IRU�HDFK�RSHUDWLRQ�RQO\�WR
FDUH�DERXW�DUJXPHQW�WXSOH�YDOXHV�DQG�ILHOGV��QRW�WKH�ZKROH�VHW�RI�ILHOGV�LQ�WKH�FXUUHQW
LQSXW�WXSOH��6XEVHTXHQWO\��RSHUDWLRQV�FDQ�EH�UHXVDEOH�DFURVV�DSSOLFDWLRQV�LQ�WKH�VDPH
ZD\�WKDW�-DYD�PHWKRGV�FDQ�EH�UHXVDEOH�
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)LJXUH��������$Q�DVVHPEO\�RI�RSHUDWLRQV

)RU� H[DPSOH�� LQ� -DYD�� D� PHWKRG� GHFODUHG� DV� concatenate(String first, String
second)� LV�PRUH�DEVWUDFW�WKDQ concatenate(Person person)��,Q�WKH�VHFRQG�FDVH��WKH�
concatenate()� IXQFWLRQ�PXVW�£NQRZ¤�DERXW�WKH�Person�REMHFW�� LQ�WKH�ILUVW�FDVH�� LW� LV
DJQRVWLF�WR�ZKHUH�WKH�GDWD�FDPH�IURP��&DVFDGLQJ�RSHUDWLRQV�H[KLELW�WKLV�VDPH�TXDOLW\�

Taps, Schemes, and Flows
,Q�PDQ\�RI�WKH�SUHYLRXV�GLDJUDPV��WKHUH�DUH�UHIHUHQFHV�WR�£VRXUFHV¤�DQG�£VLQNV�¤�,Q
&DVFDGLQJ��DOO�GDWD�LV�UHDG�IURP�RU�ZULWWHQ�WR�Tap�LQVWDQFHV��EXW�LV�FRQYHUWHG�WR�DQG
IURP�WXSOH�LQVWDQFHV�YLD�Scheme�REMHFWV�

Tap
$�Tap�LV�UHVSRQVLEOH�IRU�WKH�£KRZ¤�DQG�£ZKHUH¤�SDUWV�RI�DFFHVVLQJ�GDWD��)RU�H[DP�
SOH��LV�WKH�GDWD�RQ�+')6�RU�WKH�ORFDO�ILOHV\VWHP"�,Q�$PD]RQ�6��RU�RYHU�+773"

Scheme
$�Scheme�LV�UHVSRQVLEOH�IRU�UHDGLQJ�UDZ�GDWD�DQG�FRQYHUWLQJ�LW�WR�D�WXSOH�DQG�RU
ZULWLQJ�D�WXSOH�RXW�LQWR�UDZ�GDWD��ZKHUH�WKLV�£UDZ¤�GDWD�FDQ�EH�OLQHV�RI�WH[W��+DGRRS
ELQDU\�VHTXHQFH�ILOHV��RU�VRPH�SURSULHWDU\�IRUPDW�

1RWH�WKDW�Taps�DUH�QRW�SDUW�RI�D�SLSH�DVVHPEO\��DQG�VR�WKH\�DUH�QRW�D�W\SH�RI Pipe�

)LJXUH��������2SHUDWLRQ�W\SHV
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%XW�WKH\�DUH�FRQQHFWHG�ZLWK�SLSH�DVVHPEOLHV�ZKHQ�WKH\�DUH�PDGH�FOXVWHU�H[HFXWDEOH�
:KHQ�D�SLSH�DVVHPEO\�LV�FRQQHFWHG�ZLWK�WKH�QHFHVVDU\�QXPEHU�RI�VRXUFH�DQG�VLQN�
Tap�LQVWDQFHV��ZH�JHW�D�Flow��$�Flow�LV�FUHDWHG�ZKHQ�D�SLSH�DVVHPEO\�LV�FRQQHFWHG�ZLWK
LWV�UHTXLUHG�QXPEHU�RI�VRXUFH�DQG�VLQN�Taps��DQG�WKH�Taps�HLWKHU�HPLW�RU�FDSWXUH�WKH
ILHOG�QDPHV�WKH�SLSH�DVVHPEO\�H[SHFWV��7KDW�LV��LI�D�Tap�HPLWV�D�WXSOH�ZLWK�WKH�ILHOG�QDPH
£OLQH¤��E\�UHDGLQJ�GDWD�IURP�D�ILOH�RQ�+')6���WKH�KHDG�RI�WKH�SLSH�DVVHPEO\�PXVW�EH
H[SHFWLQJ�D�£OLQH¤�YDOXH�DV�ZHOO��2WKHUZLVH��WKH�SURFHVV�WKDW�FRQQHFWV�WKH�SLSH�DVVHPEO\
ZLWK�WKH�Taps�ZLOO�LPPHGLDWHO\�IDLO�ZLWK�DQ�HUURU�

6R�SLSH�DVVHPEOLHV�DUH�UHDOO\�GDWD�SURFHVV�GHILQLWLRQV��DQG�DUH�QRW�£H[HFXWDEOH¤�RQ�WKHLU
RZQ��7KH\�PXVW�EH�FRQQHFWHG�WR�VRXUFH�DQG�VLQN�Tap�LQVWDQFHV�EHIRUH�WKH\�FDQ�UXQ�RQ
D�FOXVWHU��7KLV� VHSDUDWLRQ�EHWZHHQ�Taps� DQG�SLSH�DVVHPEOLHV� LV�SDUW�RI�ZKDW�PDNHV
&DVFDGLQJ�VR�SRZHUIXO�

,I�\RX�WKLQN�RI�SLSH�DVVHPEOLHV�OLNH�D�-DYD�FODVV��WKHQ�D�Flow�LV�OLNH�D�-DYD�2EMHFW�LQVWDQFH
�)LJXUH���������7KDW�LV��WKH�VDPH�SLSH�DVVHPEO\�FDQ�EH�£LQVWDQWLDWHG¤�PDQ\�WLPHV�LQWR
QHZ�Flow��LQ�WKH�VDPH�DSSOLFDWLRQ��ZLWKRXW�IHDU�RI�DQ\�LQWHUIHUHQFH�EHWZHHQ�WKHP��7KLV
DOORZV�SLSH�DVVHPEOLHV�WR�EH�FUHDWHG�DQG�VKDUHG�OLNH�VWDQGDUG�-DYD�OLEUDULHV�

)LJXUH��������$�)ORZ

Cascading in Practice
1RZ�WKDW�ZH�NQRZ�ZKDW�&DVFDGLQJ�LV�DQG�KDYH�D�JRRG�LGHD�RI�KRZ�LW�ZRUNV��ZKDW�GRHV
DQ�DSSOLFDWLRQ�ZULWWHQ�LQ�&DVFDGLQJ�ORRN�OLNH"�6HH�([DPSOH������

([DPSOH�������:RUG�FRXQW�DQG�VRUW

Scheme sourceScheme =
  new TextLine(new Fields("line")); 
Tap source =
  new Hfs(sourceScheme, inputPath); 

Scheme sinkScheme = new TextLine(); 
Tap sink =
  new Hfs(sinkScheme, outputPath, SinkMode.REPLACE); 
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Pipe assembly = new Pipe("wordcount"); 

String regexString = "(?<!\\pL)(?=\\pL)[^ ]*(?<=\\pL)(?!\\pL)";
Function regex = new RegexGenerator(new Fields("word"), regexString);
assembly =
  new Each(assembly, new Fields("line"), regex); 

assembly =
  new GroupBy(assembly, new Fields("word")); 

Aggregator count = new Count(new Fields("count"));
assembly = new Every(assembly, count); 

assembly =
  new GroupBy(assembly, new Fields("count"), new Fields("word")); 

FlowConnector flowConnector = new FlowConnector();
Flow flow =
  flowConnector.connect("word-count", source, sink, assembly); 

flow.complete();

:H�FUHDWH�D�QHZ�Scheme�WKDW�UHDGV�VLPSOH�WH[W�ILOHV�DQG�HPLWV�D�QHZ�Tuple�IRU�HDFK
OLQH�LQ�D�ILHOG�QDPHG�£OLQH�¤�DV�GHFODUHG�E\�WKH�Fields�LQVWDQFH�

:H�FUHDWH�D�QHZ�Scheme�WKDW�ZULWHV�VLPSOH�WH[W�ILOHV�DQG�H[SHFWV�D�Tuple�ZLWK�DQ\
QXPEHU�RI�ILHOGV�YDOXHV��,I�PRUH�WKDQ�RQH�YDOXH��WKH\�ZLOO�EH�WDE�GHOLPLWHG�LQ�WKH
RXWSXW�ILOH�

:H�FUHDWH�VRXUFH�DQG�VLQN�Tap� LQVWDQFHV�WKDW�UHIHUHQFH�WKH� LQSXW� ILOH�DQG�RXWSXW
GLUHFWRU\��UHVSHFWLYHO\��7KH�VLQN�Tap�ZLOO�RYHUZULWH�DQ\�ILOH�WKDW�PD\�DOUHDG\�H[LVW�

:H�FRQVWUXFW�WKH�KHDG�RI�RXU�SLSH�DVVHPEO\�DQG�QDPH�LW�£ZRUGFRXQW�¤�7KLV�QDPH
LV�XVHG�WR�ELQG�WKH�VRXUFH�DQG�VLQN�Taps�WR�WKH�DVVHPEO\��0XOWLSOH�KHDGV�RU�WDLOV
ZRXOG�UHTXLUH�XQLTXH�QDPHV�

:H�FRQVWUXFW�DQ�Each�SLSH�ZLWK�D�IXQFWLRQ�WKDW�ZLOO�SDUVH�WKH�£OLQH¤�ILHOG�LQWR�D�QHZ�
Tuple�IRU�HDFK�ZRUG�HQFRXQWHUHG�

:H�FRQVWUXFW�D�GroupBy�SLSH�WKDW�ZLOO�FUHDWH�D�QHZ�Tuple�JURXSLQJ�IRU�HDFK�XQLTXH
YDOXH�LQ�WKH�ILHOG�£ZRUG�¤

:H� FRQVWUXFW� DQ� Every� SLSH� ZLWK� DQ� Aggregator� WKDW� ZLOO� FRXQW� WKH� QXPEHU� RI
TupleV�LQ�HYHU\�XQLTXH�ZRUG�JURXS��7KH�UHVXOW�LV�VWRUHG�LQ�D�ILHOG�QDPHG�£FRXQW�¤

:H�FRQVWUXFW�D�GroupBy�SLSH�WKDW�ZLOO�FUHDWH�D�QHZ�Tuple�JURXSLQJ�IRU�HDFK�XQLTXH
YDOXH�LQ�WKH�ILHOG�£FRXQW¤�DQG�VHFRQGDU\�VRUW�HDFK�YDOXH�LQ�WKH�ILHOG�£ZRUG�¤�7KH
UHVXOW�ZLOO�EH�D�OLVW�RI�£FRXQW¤�DQG�£ZRUG¤�YDOXHV�ZLWK�£FRXQW¤�VRUWHG�LQ�LQFUHDVLQJ
RUGHU�

:H�FRQQHFW�WKH�SLSH�DVVHPEO\�WR�LWV�VRXUFHV�DQG�VLQNV�LQWR�D�Flow��DQG�WKHQ�H[HFXWH
WKH�Flow�RQ�WKH�FOXVWHU�
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,Q�WKH�H[DPSOH��ZH�FRXQW�WKH�ZRUGV�HQFRXQWHUHG�LQ�WKH�LQSXW�GRFXPHQW��DQG�ZH�VRUW
WKH�FRXQWV�LQ�WKHLU�QDWXUDO�RUGHU��DVFHQGLQJ���$QG�LI�VRPH�ZRUGV�KDYH�WKH�VDPH�£FRXQW¤
YDOXH��WKHVH�ZRUGV�DUH�VRUWHG�LQ�WKHLU�QDWXUDO�RUGHU��DOSKDEHWLFDO��

2QH�REYLRXV�SUREOHP�ZLWK� WKLV�H[DPSOH� LV� WKDW� VRPH�ZRUGV�PLJKW�KDYH�XSSHUFDVH
OHWWHUV¢IRU�H[DPSOH��£WKH¤�DQG�£7KH¤�ZKHQ�WKH�ZRUG�FRPHV�DW� WKH�EHJLQQLQJ�RI�D
VHQWHQFH�� 6R� ZH�PLJKW� GHFLGH� WR� LQVHUW� D� QHZ� RSHUDWLRQ� WR� IRUFH� DOO� WKH� ZRUGV� WR
ORZHUFDVH��EXW�ZH�UHDOL]H�WKDW�DOO�IXWXUH�DSSOLFDWLRQV�WKDW�QHHG�WR�SDUVH�ZRUGV�IURP
GRFXPHQWV�VKRXOG�KDYH�WKH�VDPH�EHKDYLRU��VR�ZH�GHFLGH�WR�FUHDWH�D�UHXVDEOH�SLSH�FDOOHG�
SubAssembly��MXVW�OLNH�ZH�ZRXOG�E\�FUHDWLQJ�D�VXEURXWLQH�LQ�D�WUDGLWLRQDO�DSSOLFDWLRQ
�VHH�([DPSOH�������

([DPSOH�������&UHDWLQJ�D�6XE$VVHPEO\

public class ParseWordsAssembly extends SubAssembly 
  {
  public ParseWordsAssembly(Pipe previous)
    {
    String regexString = "(?<!\\pL)(?=\\pL)[^ ]*(?<=\\pL)(?!\\pL)";
    Function regex = new RegexGenerator(new Fields("word"), regexString);
    previous = new Each(previous, new Fields("line"), regex);

    String exprString = "word.toLowerCase()";
    Function expression =
      new ExpressionFunction(new Fields("word"), exprString, String.class); 
    previous = new Each(previous, new Fields("word"), expression);

    setTails(previous); 
    }
  }

:H�VXEFODVV�WKH�SubAssembly�FODVV��ZKLFK�LV�LWVHOI�D�NLQG�RI�Pipe�

:H�FUHDWH�D�-DYD�H[SUHVVLRQ�IXQFWLRQ�WKDW�ZLOO�FDOO�toLowerCase()�RQ�WKH�String�YDOXH
LQ�WKH�ILHOG�QDPHG�£ZRUG�¤�:H�PXVW�DOVR�SDVV�LQ�WKH�-DYD�W\SH�WKH�H[SUHVVLRQ�H[SHFWV
£ZRUG¤�WR�EH��LQ�WKLV�FDVH��String���KWWS���ZZZ�MDQLQR�QHW��LV�XVHG�XQGHU�WKH�FRYHUV��

:H�PXVW�WHOO�WKH�SubAssembly�VXSHUFODVV�ZKHUH�WKH�WDLO�HQGV�RI�RXU�SLSH�VXEDVVHPEO\
DUH�

)LUVW��ZH�FUHDWH�D�SubAssembly�SLSH�WR�KROG�RXU�£SDUVH�ZRUGV¤�SLSH�DVVHPEO\��%HFDXVH
WKLV� LV�D�-DYD�FODVV�� LW�FDQ�EH�UHXVHG� LQ�DQ\�RWKHU�DSSOLFDWLRQ��DV� ORQJ�DV� WKHUH� LV�DQ
LQFRPLQJ�ILHOG�QDPHG�£ZRUG¤��([DPSOH��������1RWH�WKDW�WKHUH�DUH�ZD\V�WR�PDNH�WKLV
IXQFWLRQ�HYHQ�PRUH�JHQHULF��EXW�WKH\�DUH�FRYHUHG�LQ�WKH�&DVFDGLQJ�8VHU�*XLGH�

([DPSOH�������([WHQGLQJ�ZRUG�FRXQW�DQG�VRUW�ZLWK�D�6XE$VVHPEO\

Scheme sourceScheme = new TextLine(new Fields("line"));
Tap source = new Hfs(sourceScheme, inputPath);

Scheme sinkScheme = new TextLine(new Fields("word", "count"));
Tap sink = new Hfs(sinkScheme, outputPath, SinkMode.REPLACE);
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Pipe assembly = new Pipe("wordcount");

assembly =
  new ParseWordsAssembly(assembly); 

assembly = new GroupBy(assembly, new Fields("word"));

Aggregator count = new Count(new Fields("count"));
assembly = new Every(assembly, count);

assembly = new GroupBy(assembly, new Fields("count"), new Fields("word"));

FlowConnector flowConnector = new FlowConnector();
Flow flow = flowConnector.connect("word-count", source, sink, assembly);

flow.complete();

:H�UHSODFH�WKH�Each�IURP�WKH�SUHYLRXV�H[DPSOH�ZLWK�RXU�ParseWordsAssembly�SLSH�

)LQDOO\��ZH�MXVW�VXEVWLWXWH�LQ�RXU�QHZ�SubAssembly�ULJKW�ZKHUH�WKH�SUHYLRXV�Every�DQG
ZRUG�SDUVHU�IXQFWLRQ�ZDV�XVHG�LQ�WKH�SUHYLRXV�H[DPSOH��7KLV�QHVWLQJ�FDQ�FRQWLQXH�DV
GHHS�DV�QHFHVVDU\�

Flexibility
7DNH�D�VWHS�EDFN�DQG�VHH�ZKDW�WKLV�QHZ�PRGHO�KDV�JLYHQ�XV�RU��EHWWHU�\HW��ZKDW�LW�KDV
WDNHQ�DZD\�

<RX�VHH��ZH�QR�ORQJHU�WKLQN�LQ�WHUPV�RI�0DS5HGXFH�MREV��RU�Mapper�DQG�Reducer�LQWHU�
IDFH�LPSOHPHQWDWLRQV�DQG�KRZ�WR�ELQG�RU�OLQN�VXEVHTXHQW�0DS5HGXFH�MREV�WR�WKH�RQHV
WKDW�SUHFHGH�WKHP��'XULQJ�UXQWLPH��WKH�&DVFDGLQJ�£SODQQHU¤�ILJXUHV�RXW�WKH�RSWLPDO
ZD\�WR�SDUWLWLRQ�WKH�SLSH�DVVHPEO\� LQWR�0DS5HGXFH� MREV�DQG�PDQDJHV�WKH� OLQNDJHV
EHWZHHQ�WKHP��)LJXUH��������

)LJXUH��������+RZ�D�)ORZ�WUDQVODWHV�WR�FKDLQHG�0DS5HGXFH�MREV

598 | Chapter 16:ಗCase Studies



%HFDXVH�RI�WKLV��GHYHORSHUV�FDQ�EXLOG�DSSOLFDWLRQV�RI�DUELWUDU\�JUDQXODULW\��7KH\�FDQ
VWDUW�ZLWK�D�VPDOO�DSSOLFDWLRQ�WKDW�MXVW�ILOWHUV�D�ORJILOH��EXW�WKHQ�FDQ�LWHUDWLYHO\�EXLOG�XS
PRUH�IHDWXUHV�LQWR�WKH�DSSOLFDWLRQ�DV�QHHGHG�

6LQFH�&DVFDGLQJ�LV�DQ�$3,�DQG�QRW�D�V\QWD[�OLNH�VWULQJV�RI�64/��LW�LV�PRUH�IOH[LEOH��)LUVW
RII��GHYHORSHUV�FDQ�FUHDWH�GRPDLQ�VSHFLILF�ODQJXDJHV��'6/V��XVLQJ�WKHLU�IDYRULWH�ODQ�
JXDJH��VXFK�DV�*URRY\��-5XE\��-\WKRQ��6FDOD��DQG�RWKHUV��VHH�WKH�SURMHFW�VLWH�IRU�H[�
DPSOHV���6HFRQG��GHYHORSHUV�FDQ�H[WHQG�YDULRXV�SDUWV�RI�&DVFDGLQJ��VXFK�DV�DOORZLQJ
FXVWRP�7KULIW�RU�-621�REMHFWV�WR�EH�UHDG�DQG�ZULWWHQ�WR�DQG�DOORZLQJ�WKHP�WR�EH�SDVVHG
WKURXJK�WKH�WXSOH�VWUHDP�

Hadoop and Cascading at ShareThis
6KDUH7KLV�LV�D�VKDULQJ�QHWZRUN�WKDW�PDNHV�LW�VLPSOH�WR�VKDUH�DQ\�RQOLQH�FRQWHQW��:LWK
WKH� FOLFN�RI� D�EXWWRQ�RQ�D�ZHE�SDJH�RU�EURZVHU�SOXJ�LQ�� 6KDUH7KLV� DOORZV�XVHUV� WR
VHDPOHVVO\�DFFHVV� WKHLU� FRQWDFWV�DQG�QHWZRUNV� IURP�DQ\ZKHUH�RQOLQH�DQG�VKDUH� WKH
FRQWHQW�WKURXJK�HPDLO��,0��)DFHERRN��'LJJ��PRELOH�606��HWF���ZLWKRXW�HYHU�OHDYLQJ�WKH
FXUUHQW�SDJH��3XEOLVKHUV�FDQ�GHSOR\�WKH�6KDUH7KLV�EXWWRQ�WR�WDS�WKH�VHUYLFH¦V�XQLYHUVDO
VKDULQJ�FDSDELOLWLHV� WR�GULYH� WUDIILF��VWLPXODWH�YLUDO�DFWLYLW\��DQG�WUDFN�WKH�VKDULQJ�RI
RQOLQH�FRQWHQW��6KDUH7KLV�DOVR�VLPSOLILHV�VRFLDO�PHGLD�VHUYLFHV�E\�UHGXFLQJ�FOXWWHU�RQ
ZHE�SDJHV�DQG�SURYLGLQJ�LQVWDQW�GLVWULEXWLRQ�RI�FRQWHQW�DFURVV�VRFLDO�QHWZRUNV��DIILOLDWH
JURXSV��DQG�FRPPXQLWLHV�

$V�6KDUH7KLV�XVHUV�VKDUH�SDJHV�DQG�LQIRUPDWLRQ�WKURXJK�WKH�RQOLQH�ZLGJHWV��D�FRQWLQ�
XRXV�VWUHDP�RI�HYHQWV�HQWHU�WKH�6KDUH7KLV�QHWZRUN��7KHVH�HYHQWV�DUH�ILUVW�ILOWHUHG�DQG
SURFHVVHG�� DQG� WKHQ� KDQGHG� WR� YDULRXV� EDFNHQG� V\VWHPV�� LQFOXGLQJ� $VWHU'DWD�
+\SHUWDEOH��DQG�.DWWD�

7KH�YROXPH�RI�WKHVH�HYHQWV�FDQ�EH�KXJH��WRR�ODUJH�WR�SURFHVV�ZLWK�WUDGLWLRQDO�V\VWHPV�
7KLV�GDWD�FDQ�DOVR�EH�YHU\�£GLUW\¤�WKDQNV�WR�£LQMHFWLRQ�DWWDFNV¤�IURP�URJXH�V\VWHPV�
EURZVHU�EXJV��RU�IDXOW\�ZLGJHWV��)RU�WKLV�UHDVRQ��6KDUH7KLV�FKRVH�WR�GHSOR\�+DGRRS�DV
WKH�SUHSURFHVVLQJ�DQG�RUFKHVWUDWLRQ�IURQWHQG�WR�WKHLU�EDFNHQG�V\VWHPV��7KH\�DOVR�FKRVH
WR�XVH�$PD]RQ�:HE�6HUYLFHV�WR�KRVW�WKHLU�VHUYHUV��RQ�WKH�(ODVWLF�&RPSXWLQJ�&ORXG
�(&����DQG�SURYLGH�ORQJ�WHUP�VWRUDJH��RQ�WKH�6LPSOH�6WRUDJH�6HUYLFH��6����ZLWK�DQ�H\H
WRZDUG�OHYHUDJLQJ�(ODVWLF�0DS5HGXFH��(05��

,Q�WKLV�RYHUYLHZ��ZH�ZLOO�IRFXV�RQ�WKH�£ORJ�SURFHVVLQJ�SLSHOLQH¤��)LJXUH���������7KLV
SLSHOLQH�VLPSO\�WDNHV�GDWD�VWRUHG�LQ�DQ�6��EXFNHW��SURFHVVHV�LW��GHVFULEHG�VKRUWO\���DQG
VWRUHV� WKH�UHVXOWV�EDFN� LQWR�DQRWKHU�EXFNHW��6LPSOH�4XHXH�6HUYLFH� �646�� LV�XVHG� WR
FRRUGLQDWH� WKH� HYHQWV� WKDW�PDUN� WKH� VWDUW� DQG� FRPSOHWLRQ� RI� GDWD� SURFHVVLQJ� UXQV�
'RZQVWUHDP��RWKHU�SURFHVVHV�SXOO�GDWD�WKDW�ORDG�$VWHU'DWD��SXOO�85/�OLVWV�IURP�+\�
SHUWDEOH�WR�VRXUFH�D�ZHE�FUDZO��RU�SXOO�FUDZOHG�SDJH�GDWD�WR�FUHDWH�/XFHQH�LQGH[HV�IRU
XVH�E\�.DWWD��1RWH�WKDW�+DGRRS�LV�FHQWUDO�WR�WKH�6KDUH7KLV�DUFKLWHFWXUH��,W�LV�XVHG�WR
FRRUGLQDWH�WKH�SURFHVVLQJ�DQG�PRYHPHQW�RI�GDWD�EHWZHHQ�DUFKLWHFWXUDO�FRPSRQHQWV�
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:LWK�+DGRRS�DV�WKH�IURQWHQG��DOO�WKH�HYHQW�ORJV�FDQ�EH�SDUVHG��ILOWHUHG��FOHDQHG��DQG
RUJDQL]HG�E\�D�VHW�RI�UXOHV�EHIRUH�HYHU�EHLQJ�ORDGHG�LQWR�WKH�$VWHU'DWD�FOXVWHU�RU�XVHG
E\�DQ\�RWKHU�FRPSRQHQW��$VWHU'DWD�LV�D�FOXVWHUHG�GDWD�ZDUHKRXVH�WKDW�FDQ�VXSSRUW
ODUJH�GDWDVHWV� DQG�DOORZ� IRU� FRPSOH[�DG�KRF�TXHULHV�XVLQJ�D� VWDQGDUG�64/�V\QWD[�
6KDUH7KLV�FKRVH�WR�FOHDQ�DQG�SUHSDUH�WKH�LQFRPLQJ�GDWDVHWV�RQ�WKH�+DGRRS�FOXVWHU�DQG
WKHQ�WR� ORDG�WKDW�GDWD� LQWR�WKH�$VWHU'DWD�FOXVWHU� IRU�DG�KRF�DQDO\VLV�DQG�UHSRUWLQJ�
7KRXJK�SRVVLEOH�ZLWK�$VWHU'DWD��LW�PDGH�D�ORW�RI�VHQVH�WR�XVH�+DGRRS�DV�WKH�ILUVW�VWDJH
LQ�WKH�SURFHVVLQJ�SLSHOLQH�WR�RIIVHW�ORDG�RQ�WKH�PDLQ�GDWD�ZDUHKRXVH�

&DVFDGLQJ�ZDV�FKRVHQ�DV�WKH�SULPDU\�GDWD�SURFHVVLQJ�$3,�WR�VLPSOLI\�WKH�GHYHORSPHQW
SURFHVV��FRGLI\�KRZ�GDWD�LV�FRRUGLQDWHG�EHWZHHQ�DUFKLWHFWXUDO�FRPSRQHQWV��DQG�SUR�
YLGH�WKH�GHYHORSHU�IDFLQJ�LQWHUIDFH�WR�WKRVH�FRPSRQHQWV��7KLV�UHSUHVHQWV�D�GHSDUWXUH
IURP�PRUH�£WUDGLWLRQDO¤�+DGRRS�XVH�FDVHV��ZKLFK�HVVHQWLDOO\�MXVW�TXHU\�VWRUHG�GDWD�
,QVWHDG��&DVFDGLQJ�DQG�+DGRRS�WRJHWKHU�SURYLGH�D�EHWWHU�DQG�VLPSOHU�VWUXFWXUH�WR�WKH
FRPSOHWH�VROXWLRQ��HQG�WR�HQG��DQG�WKXV�SURYLGH�PRUH�YDOXH�WR�WKH�XVHUV�

)RU�GHYHORSHUV��&DVFDGLQJ�PDGH�LW�HDV\�WR�VWDUW�ZLWK�D�VLPSOH�XQLW�WHVW��E\�VXEFODVVLQJ
cascading.ClusterTestCase�� WKDW�GLG� VLPSOH� WH[W�SDUVLQJ� DQG� WKHQ� WR� OD\HU� LQ�PRUH
SURFHVVLQJ� UXOHV�ZKLOH�NHHSLQJ� WKH�DSSOLFDWLRQ� ORJLFDOO\�RUJDQL]HG� IRU�PDLQWHQDQFH�
&DVFDGLQJ�DLGHG�WKLV�RUJDQL]DWLRQ� LQ�D�FRXSOH�RI�ZD\V��)LUVW��VWDQGDORQH�RSHUDWLRQV
�Functions��Filters��HWF���FRXOG�EH�ZULWWHQ�DQG�WHVWHG�LQGHSHQGHQWO\��6HFRQG��WKH�DS�
SOLFDWLRQ�ZDV�VHJPHQWHG�LQWR�VWDJHV��RQH�IRU�SDUVLQJ��RQH�IRU�UXOHV��DQG�D�ILQDO�VWDJH�IRU
ELQQLQJ�FROODWLQJ�WKH�GDWD��DOO�YLD�WKH�SubAssembly�EDVH�FODVV�GHVFULEHG�HDUOLHU�

)LJXUH��������7KH�6KDUH7KLV�ORJ�SURFHVVLQJ�SLSHOLQH
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7KH�GDWD�FRPLQJ�IURP�WKH�6KDUH7KLV�ORJJHUV�ORRNV�D�ORW�OLNH�$SDFKH�ORJV��ZLWK�GDWH�
WLPHVWDPSV��VKDUH�85/V��UHIHUUHU�85/V��DQG�D�ELW�RI�PHWDGDWD��7R�XVH� WKH�GDWD� IRU
DQDO\VLV�GRZQVWUHDP�� WKH�85/V�QHHGHG� WR�EH�XQSDFNHG� �SDUVLQJ�TXHU\�VWULQJ�GDWD�
GRPDLQ�QDPHV��HWF����6R�D�WRS�OHYHO�SubAssembly�ZDV�FUHDWHG�WR�HQFDSVXODWH�WKH�SDUVLQJ�
DQG�FKLOG�VXEDVVHPEOLHV�ZHUH�QHVWHG�LQVLGH�WR�KDQGOH�VSHFLILF�ILHOGV�LI�WKH\�ZHUH�VXIIL�
FLHQWO\�FRPSOH[�WR�SDUVH�

7KH�VDPH�ZDV�GRQH�IRU�DSSO\LQJ�UXOHV��$V�HYHU\�Tuple�SDVVHG�WKURXJK�WKH�UXOHV�SubAs
sembly��LW�ZDV�PDUNHG�DV�£EDG¤�LI�DQ\�RI�WKH�UXOHV�ZHUH�WULJJHUHG��$ORQJ�ZLWK�WKH�£EDG¤
WDJ��D�GHVFULSWLRQ�RI�ZK\�WKH�UHFRUG�ZDV�EDG�ZDV�DGGHG�WR�WKH�Tuple�IRU�ODWHU�UHYLHZ�

)LQDOO\��D�VSOLWWHU�SubAssembly�ZDV�FUHDWHG�WR�GR�WZR�WKLQJV��)LUVW��LW�DOORZV�IRU�WKH�WXSOH
VWUHDP�WR�VSOLW�LQWR�WZR��RQH�VWUHDP�IRU�£JRRG¤�GDWD�DQG�RQH�IRU�£EDG¤�GDWD��6HFRQG�
WKH�VSOLWWHU�ELQQHG�WKH�GDWD�LQWR�LQWHUYDOV��VXFK�DV�HYHU\�KRXU��7R�GR�WKLV��RQO\�WZR
RSHUDWLRQV�ZHUH�QHFHVVDU\�� WKH� ILUVW� WR�FUHDWH� WKH� LQWHUYDO� IURP� WKH� WLPHVWDPS� YDOXH
DOUHDG\�SUHVHQW�LQ�WKH�VWUHDP��DQG�WKH�VHFRQG�WR�XVH�WKH�LQWHUYDO�DQG�JRRG�EDG�PHWDGDWD
WR�FUHDWH�D�GLUHFWRU\�SDWK��IRU�H[DPSOH�����JRRG���ZKHUH�£��¤� LV���D�P��DQG�£JRRG¤
PHDQV�WKH�WXSOH�SDVVHG�DOO�WKH�UXOHV���7KLV�SDWK�ZRXOG�WKHQ�EH�XVHG�E\�WKH�&DVFDGLQJ�
TemplateTap��D�VSHFLDO�Tap�WKDW�FDQ�G\QDPLFDOO\�RXWSXW�WXSOH�VWUHDPV�WR�GLIIHUHQW�ORFD�
WLRQV�EDVHG�RQ�YDOXHV�LQ�WKH�Tuple��,Q�WKLV�FDVH��WKH�TemplateTap�XVHG�WKH�£SDWK¤�YDOXH
WR�FUHDWH�WKH�ILQDO�RXWSXW�SDWK�

7KH�GHYHORSHUV�DOVR�FUHDWHG�D�IRXUWK�SubAssembly¢WKLV�RQH�WR�DSSO\�&DVFDGLQJ�$VVHU�
WLRQV�GXULQJ�XQLW�WHVWLQJ��7KHVH�DVVHUWLRQV�GRXEOH�FKHFNHG�WKDW�UXOHV�DQG�SDUVLQJ�VXE�
DVVHPEOLHV�GLG�WKHLU�MRE�

,Q�WKH�XQLW�WHVW�LQ�([DPSOH�������ZH�VHH�WKH�VSOLWWHU�LVQ¦W�EHLQJ�WHVWHG��EXW�LW�LV�DGGHG�LQ
DQRWKHU�LQWHJUDWLRQ�WHVW�QRW�VKRZQ�

([DPSOH�������8QLW�WHVWLQJ�D�)ORZ

public void testLogParsing() throws IOException
  {
  Hfs source = new Hfs(new TextLine(new Fields("line")), sampleData);
  Hfs sink =
    new Hfs(new TextLine(), outputPath + "/parser", SinkMode.REPLACE);

  Pipe pipe = new Pipe("parser");

  // split "line" on tabs
  pipe = new Each(pipe, new Fields("line"), new RegexSplitter("\t"));

  pipe = new LogParser(pipe);

  pipe = new LogRules(pipe);
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  // testing only assertions
  pipe = new ParserAssertions(pipe);

  Flow flow = new FlowConnector().connect(source, sink, pipe);

  flow.complete(); // run the test flow

  // verify there are 98 tuples, 2 fields, and matches the regex pattern
  // for TextLine schemes the tuples are { "offset", "line }
  validateLength(flow, 98, 2, Pattern.compile("^[0-9]+(\\t[^\\t]*){19}$"));
  }

)RU�LQWHJUDWLRQ�DQG�GHSOR\PHQW��PDQ\�RI�WKH�IHDWXUHV�EXLOW�LQWR�&DVFDGLQJ�DOORZHG�IRU
HDVLHU�LQWHJUDWLRQ�ZLWK�H[WHUQDO�V\VWHPV�DQG�IRU�JUHDWHU�SURFHVV�WROHUDQFH�

,Q�SURGXFWLRQ��DOO�WKH�VXEDVVHPEOLHV�DUH�MRLQHG�DQG�SODQQHG�LQWR�D�Flow��EXW�LQVWHDG�RI
MXVW�VRXUFH�DQG�VLQN�Taps��WUDS�Taps�ZHUH�SODQQHG�LQ��)LJXUH���������1RUPDOO\��ZKHQ
DQ�RSHUDWLRQ�WKURZV�DQ�H[FHSWLRQ�IURP�D�UHPRWH�PDSSHU�RU�UHGXFHU�WDVN��WKH�Flow�ZLOO
IDLO�DQG�NLOO�DOO�LWV�PDQDJHG�0DS5HGXFH�MREV��:KHQ�D�Flow�KDV�WUDSV��DQ\�H[FHSWLRQV
DUH�FDXJKW�DQG�WKH�GDWD�FDXVLQJ�WKH�H[FHSWLRQ�LV�VDYHG�WR�WKH�Tap�DVVRFLDWHG�ZLWK�WKH
FXUUHQW�WUDS��7KHQ�WKH�QH[W�Tuple�LV�SURFHVVHG�ZLWKRXW�VWRSSLQJ�WKH�Flow��6RPHWLPHV
\RX�ZDQW�\RXU�FlowV�WR�IDLO�RQ�HUURUV��EXW�LQ�WKLV�FDVH��WKH�6KDUH7KLV�GHYHORSHUV�NQHZ
WKH\�FRXOG�JR�EDFN�DQG�ORRN�DW�WKH�£IDLOHG¤�GDWD�DQG�XSGDWH�WKHLU�XQLW�WHVWV�ZKLOH�WKH
SURGXFWLRQ�V\VWHP�NHSW�UXQQLQJ��/RVLQJ�D�IHZ�KRXUV�RI�SURFHVVLQJ�WLPH�ZDV�ZRUVH�WKDQ
ORVLQJ�D�FRXSOH�RI�EDG�UHFRUGV�

8VLQJ�&DVFDGLQJ¦V�HYHQW�OLVWHQHUV��$PD]RQ�646�FRXOG�EH�LQWHJUDWHG��:KHQ�D�Flow�ILQ�
LVKHV��D�PHVVDJH�LV�VHQW�WR�QRWLI\�RWKHU�V\VWHPV�WKDW�WKHUH�LV�GDWD�UHDG\�WR�EH�SLFNHG�XS
IURP�$PD]RQ�6���2Q�IDLOXUH��D�GLIIHUHQW�PHVVDJH�LV�VHQW��DOHUWLQJ�RWKHU�SURFHVVHV�

7KH�UHPDLQLQJ�GRZQVWUHDP�SURFHVVHV�SLFN�XS�ZKHUH�WKH�ORJ�SURFHVVLQJ�SLSHOLQH�OHDYHV
RII�RQ�GLIIHUHQW�LQGHSHQGHQW�FOXVWHUV��7KH�ORJ�SURFHVVLQJ�SLSHOLQH�WRGD\�UXQV�RQFH�D
GD\��VR�WKHUH�LV�QR�QHHG�WR�NHHS�D�����QRGH�FOXVWHU�VLWWLQJ�DURXQG�IRU�WKH����KRXUV�LW
KDV�QRWKLQJ�WR�GR��6R�LW�LV�GHFRPPLVVLRQHG�DQG�UHFRPPLVVLRQHG����KRXUV�ODWHU�

,Q�WKH�IXWXUH��LW�ZRXOG�EH�WULYLDO�WR�LQFUHDVH�WKLV�LQWHUYDO�RQ�VPDOOHU�FOXVWHUV�WR�HYHU\��
KRXUV��RU���KRXU��DV�WKH�EXVLQHVV�GHPDQGV��,QGHSHQGHQWO\��RWKHU�FOXVWHUV�DUH�ERRWLQJ
DQG�VKXWWLQJ�GRZQ�DW�GLIIHUHQW�LQWHUYDOV�EDVHG�RQ�WKH�QHHGV�RI�WKH�EXVLQHVV�XQLW�UH�
VSRQVLEOH�IRU�WKDW�FRPSRQHQW��)RU�H[DPSOH��WKH�ZHE�FUDZOHU�FRPSRQHQW��XVLQJ�%L[R�
D�&DVFDGLQJ�EDVHG�ZHE�FUDZOHU� WRRONLW�GHYHORSHG�E\�(0,�DQG�6KDUH7KLV��PD\� UXQ
FRQWLQXRXVO\�RQ�D�VPDOO�FOXVWHU�ZLWK�D�FRPSDQLRQ�+\SHUWDEOH�FOXVWHU��7KLV�RQ�GHPDQG
PRGHO�ZRUNV�YHU\�ZHOO�ZLWK�+DGRRS��ZKHUH�HDFK�FOXVWHU�FDQ�EH�WXQHG�IRU�WKH�NLQG�RI
ZRUNORDG�LW�LV�H[SHFWHG�WR�KDQGOH�
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)LJXUH��������7KH�6KDUH7KLV�ORJ�SURFHVVLQJ�)ORZ

Summary
+DGRRS�LV�D�YHU\�SRZHUIXO�SODWIRUP�IRU�SURFHVVLQJ�DQG�FRRUGLQDWLQJ�WKH�PRYHPHQW�RI
GDWD�DFURVV�YDULRXV�DUFKLWHFWXUDO�FRPSRQHQWV��,WV�RQO\�GUDZEDFN�LV�WKDW�WKH�SULPDU\
FRPSXWLQJ�PRGHO�LV�0DS5HGXFH�

&DVFDGLQJ�DLPV�WR�KHOS�GHYHORSHUV�EXLOG�SRZHUIXO�DSSOLFDWLRQV�TXLFNO\�DQG�VLPSO\�
WKURXJK�D�ZHOO�UHDVRQHG�$3,��ZLWKRXW�QHHGLQJ�WR�WKLQN�LQ�0DS5HGXFH��DQG�ZKLOH�OHDY�
LQJ�WKH�KHDY\�OLIWLQJ�RI�GDWD�GLVWULEXWLRQ��UHSOLFDWLRQ��GLVWULEXWHG�SURFHVV�PDQDJHPHQW�
DQG�OLYHQHVV�WR�+DGRRS�

5HDG�PRUH�DERXW�&DVFDGLQJ��MRLQ�WKH�RQOLQH�FRPPXQLW\��DQG�GRZQORDG�VDPSOH�DSSOL�
FDWLRQV�E\�YLVLWLQJ�WKH�SURMHFW�ZHEVLWH�

¢&KULV�.��:HQVHO

TeraByte Sort on Apache Hadoop
7KLV�DUWLFOH�LV�UHSURGXFHG�IURP�KWWS���VRUWEHQFKPDUN�RUJ�<DKRR+DGRRS�SGI��ZKLFK�ZDV
ZULWWHQ�LQ�0D\�������-LP�*UD\�DQG�KLV�VXFFHVVRUV�GHILQH�D�IDPLO\�RI�EHQFKPDUNV�WR�ILQG
WKH�IDVWHVW�VRUW�SURJUDPV�HYHU\�\HDU��7HUD%\WH�6RUW�DQG�RWKHU�VRUW�EHQFKPDUNV�DUH�OLVWHG
ZLWK�ZLQQHUV�RYHU�WKH�\HDUV�DW�KWWS���VRUWEHQFKPDUN�RUJ���,Q�$SULO�������$UXQ�0XUWK\
DQG�,�ZRQ�WKH�PLQXWH�VRUW��ZKHUH�WKH�DLP�LV�WR�VRUW�DV�PXFK�GDWD�DV�SRVVLEOH�LQ�XQGHU�RQH
PLQXWH��E\�VRUWLQJ�����*%�LQ����VHFRQGV�RQ�������+DGRRS�QRGHV��:H�DOVR�VRUWHG�D�WHU�
DE\WH�LQ����VHFRQGV�RQ�WKH�VDPH�FOXVWHU��7KH�FOXVWHU�ZH�XVHG�LQ������ZDV�VLPLODU�WR�WKH
KDUGZDUH�OLVWHG�LQ�WKH�IROORZLQJ�DUWLFOH��H[FHSW�WKDW�WKH�QHWZRUN�ZDV�PXFK�EHWWHU��ZLWK
RQO\���WR���RYHUVXEVFULSWLRQ�EHWZHHQ�UDFNV�LQVWHDG�RI���WR���LQ�WKH�SUHYLRXV�\HDU�
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$GGLWLRQDOO\��ZH�XVHG�/=2�FRPSUHVVLRQ�RQ�WKH�LQWHUPHGLDWH�GDWD�EHWZHHQ�WKH�QRGHV��:H
DOVR�VRUWHG�D�SHWDE\WH�������E\WHV��LQ�����PLQXWHV�RQ�������QRGHV��IRU�DQ�DYHUDJH�UDWH�RI
�����7%�PLQXWH��6HH�KWWS���GHYHORSHU�\DKRR�QHW�EORJV�KDGRRS���������KDGRRSBVRUWVBD
BSHWDE\WHBLQB����KWPO�IRU�PRUH�GHWDLOV�DERXW�WKH������UHVXOWV�

$SDFKH�+DGRRS� LV�DQ�RSHQ�VRXUFH�VRIWZDUH� IUDPHZRUN� WKDW�GUDPDWLFDOO\� VLPSOLILHV
ZULWLQJ� GLVWULEXWHG� GDWD�LQWHQVLYH� DSSOLFDWLRQV�� ,W� SURYLGHV� D� GLVWULEXWHG� ILOHV\VWHP�
ZKLFK�LV�PRGHOHG�DIWHU�WKH�*RRJOH�)LOH�6\VWHP���DQG�D�0DS5HGXFH��LPSOHPHQWDWLRQ
WKDW�PDQDJHV�GLVWULEXWHG�FRPSXWDWLRQ��6LQFH�WKH�SULPDU\�SULPLWLYH�RI�0DS5HGXFH�LV�D
GLVWULEXWHG�VRUW��PRVW�RI�WKH�FXVWRP�FRGH�LV�JOXH�WR�JHW�WKH�GHVLUHG�EHKDYLRU�

,�ZURWH�WKUHH�+DGRRS�DSSOLFDWLRQV�WR�UXQ�WKH�WHUDE\WH�VRUW�

�� TeraGen�LV�D�0DS5HGXFH�SURJUDP�WR�JHQHUDWH�WKH�GDWD�

�� TeraSort�VDPSOHV�WKH�LQSXW�GDWD�DQG�XVHV�0DS5HGXFH�WR�VRUW�WKH�GDWD�LQWR�D�WRWDO
RUGHU�

�� TeraValidate�LV�D�0DS5HGXFH�SURJUDP�WKDW�YDOLGDWHV�WKH�RXWSXW�LV�VRUWHG�

7KH�WRWDO�LV�DURXQG�������OLQHV�RI�-DYD�FRGH��ZKLFK�ZLOO�EH�FKHFNHG�LQ�WR�WKH�+DGRRS
H[DPSOH�GLUHFWRU\�

TeraGen�JHQHUDWHV�RXWSXW�GDWD�WKDW�LV�E\WH�IRU�E\WH�HTXLYDOHQW�WR�WKH�&�YHUVLRQ��LQFOXG�
LQJ�WKH�QHZOLQHV�DQG�VSHFLILF�NH\V��,W�GLYLGHV�WKH�GHVLUHG�QXPEHU�RI�URZV�E\�WKH�GHVLUHG
QXPEHU�RI�WDVNV�DQG�DVVLJQV�UDQJHV�RI�URZV�WR�HDFK�PDS��7KH�PDS�MXPSV�WKH�UDQGRP
QXPEHU�JHQHUDWRU�WR�WKH�FRUUHFW�YDOXH�IRU�WKH�ILUVW�URZ�DQG�JHQHUDWHV�WKH�IROORZLQJ�URZV�
)RU�WKH�ILQDO�UXQ��,�FRQILJXUHG�TeraGen�WR�XVH�������WDVNV�WR�JHQHUDWH�D�WRWDO�RI����ELOOLRQ
URZV�LQ�+')6��ZLWK�D�EORFN�VL]H�RI�����0%�

TeraSort� LV�D�VWDQGDUG�0DS5HGXFH�VRUW��H[FHSW�IRU�D�FXVWRP�SDUWLWLRQHU�WKDW�XVHV�D
VRUWHG�OLVW�RI�1Û��VDPSOHG�NH\V�WKDW�GHILQH�WKH�NH\�UDQJH�IRU�HDFK�UHGXFH��,Q�SDUWLFXODU�
DOO�NH\V�VXFK�WKDW�VDPSOH>LÛ�@�� �NH\���VDPSOH>L@�DUH�VHQW�WR�UHGXFH�L��7KLV�JXDUDQWHHV
WKDW�WKH�RXWSXW�RI�UHGXFH�L�DUH�DOO�OHVV�WKDQ�WKH�RXWSXW�RI�UHGXFH�L����7R�VSHHG�XS�WKH
SDUWLWLRQLQJ��WKH�SDUWLWLRQHU�EXLOGV�D�WZR�OHYHO�WULH�WKDW�TXLFNO\�LQGH[HV�LQWR�WKH�OLVW�RI
VDPSOH�NH\V�EDVHG�RQ�WKH�ILUVW�WZR�E\WHV�RI�WKH�NH\��TeraSort�JHQHUDWHV�WKH�VDPSOH�NH\V
E\�VDPSOLQJ�WKH�LQSXW�EHIRUH�WKH�MRE�LV�VXEPLWWHG�DQG�ZULWLQJ�WKH�OLVW�RI�NH\V�LQWR�+')6�

,�ZURWH�DQ�LQSXW�DQG�RXWSXW�IRUPDW��ZKLFK�DUH�XVHG�E\�DOO�WKUHH�DSSOLFDWLRQV��WKDW�UHDG
DQG�ZULWH�WKH�WH[W�ILOHV�LQ�WKH�ULJKW�IRUPDW��7KH�RXWSXW�RI�WKH�UHGXFH�KDV�UHSOLFDWLRQ�VHW
WR����LQVWHDG�RI�WKH�GHIDXOW����EHFDXVH�WKH�FRQWHVW�GRHV�QRW�UHTXLUH�WKH�RXWSXW�GDWD�EH
UHSOLFDWHG�RQ�WR�PXOWLSOH�QRGHV��,�FRQILJXUHG�WKH�MRE�ZLWK�������PDSV�DQG�������UHGXFHV
DQG�io.sort.mb��io.sort.factor��fs.inmemory.size.mb��DQG�D�WDVN�KHDS�VL]H�VXIILFLHQW
WKDW�WUDQVLHQW�GDWD�ZDV�QHYHU�VSLOOHG�WR�GLVN�RWKHU�DW�WKH�HQG�RI�WKH�PDS��7KH�VDPSOHU

�� 6��*KHPDZDW��+��*RELR!��DQG�6��7��/HXQJ��£7KH�*RRJOH�)LOH�6\VWHP�¤�,Q���WK�6\PSRVLXP�RQ�2SHUDWLQJ
6\VWHPV�3ULQFLSOHV��2FWREHU��������/DNH�*HRUJH��1<��$&0�

�� -�� 'HDQ� DQG� 6�� *KHPDZDW�� £0DS5HGXFH�� 6LPSOL"HG� 'DWD� 3URFHVVLQJ� RQ� /DUJH� &OXVWHUV�¤� ,Q� 6L[WK
6\PSRVLXP�RQ�2SHUDWLQJ�6\VWHP�'HVLJQ�DQG�,PSOHPHQWDWLRQ��'HFHPEHU��������6DQ�)UDQFLVFR��&$�

604 | Chapter 16:ಗCase Studies

http://developer.yahoo.net/blogs/hadoop/2009/05/hadoop_sorts_a_petabyte_in_162.html
http://developer.yahoo.net/blogs/hadoop/2009/05/hadoop_sorts_a_petabyte_in_162.html
http://issues.apache.org/jira/browse/HADOOP-3402


XVHG���������NH\V� WR�GHWHUPLQH� WKH�UHGXFH�ERXQGDULHV��DOWKRXJK�DV�FDQ�EH�VHHQ� LQ
)LJXUH��������WKH�GLVWULEXWLRQ�EHWZHHQ�UHGXFHV�ZDV�KDUGO\�SHUIHFW�DQG�ZRXOG�EHQHILW
IURP�PRUH�VDPSOHV��<RX�FDQ�VHH�WKH�GLVWULEXWLRQ�RI�UXQQLQJ�WDVNV�RYHU�WKH�MRE�UXQ�LQ
)LJXUH�������

)LJXUH��������3ORW�RI�UHGXFH�RXWSXW�VL]H�YHUVXV�ILQLVK�WLPH

TeraValidate�HQVXUHV�WKDW�WKH�RXWSXW�LV�JOREDOO\�VRUWHG��,W�FUHDWHV�RQH�PDS�SHU�ILOH�LQ
WKH�RXWSXW�GLUHFWRU\��DQG�HDFK�PDS�HQVXUHV�WKDW�HDFK�NH\�LV�OHVV�WKDQ�RU�HTXDO�WR�WKH
SUHYLRXV�RQH��7KH�PDS�DOVR�JHQHUDWHV�UHFRUGV�ZLWK�WKH�ILUVW�DQG�ODVW�NH\V�RI�WKH�ILOH��DQG
WKH�UHGXFH�HQVXUHV�WKDW�WKH�ILUVW�NH\�RI�ILOH�L�LV�JUHDWHU�WKDQ�WKH�ODVW�NH\�RI�ILOH�LÛ���$Q\
SUREOHPV�DUH�UHSRUWHG�DV�RXWSXW�RI�WKH�UHGXFH�ZLWK�WKH�NH\V�WKDW�DUH�RXW�RI�RUGHU�

TeraByte Sort on Apache Hadoop | 605



)LJXUH��������1XPEHU�RI�WDVNV�LQ�HDFK�SKDVH�DFURVV�WLPH

7KH�FOXVWHU�,�UDQ�RQ�ZDV�

� ����QRGHV

� ��TXDG�FRUH�;HRQV�DW�����*+]�SHU�QRGH

� ��6$7$�GLVNV�SHU�QRGH

� ��*�5$0�SHU�QRGH

� ��JLJDELW�(WKHUQHW�RQ�HDFK�QRGH

� ���QRGHV�SHU�UDFN

� ��JLJDELW�(WKHUQHW�XSOLQNV�IURP�HDFK�UDFN�WR�WKH�FRUH

� 5HG�+DW�(QWHUSULVH�/LQX[�6HUYHU�UHOHDVH������NHUQHO��������

� 6XQ�-DYD�-'.������B���E��
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7KH�VRUW�FRPSOHWHG�LQ�����VHFRQGV�������PLQXWHV���,�UDQ�+DGRRS�WUXQN��SUH���������ZLWK
SDWFKHV�IRU�+$'223������DQG�+$'223�������ZKLFK�ZHUH�UHTXLUHG�WR�UHPRYH�LQ�
WHUPHGLDWH�ZULWHV�WR�GLVN��$OWKRXJK�,�KDG�WKH�����QRGHV�PRVWO\�WR�P\VHOI��WKH�QHWZRUN
FRUH�ZDV�VKDUHG�ZLWK�DQRWKHU�DFWLYH�������QRGH�FOXVWHU��VR�WKH�WLPHV�YDULHG�D�ORW�GH�
SHQGLQJ�RQ�WKH�RWKHU�DFWLYLW\�

¢2ZHQ�2¦0DOOH\��<DKRR�

Using Pig and Wukong to Explore Billion-edge Network Graphs
1HWZRUNV�DW�PDVVLYH�VFDOH�DUH�IDVFLQDWLQJ��7KH�QXPEHU�RI�WKLQJV�WKH\�PRGHO�DUH�H[�
WUHPHO\�JHQHUDO��LI�\RX�KDYH�D�FROOHFWLRQ�RI�WKLQJV��WKDW�ZH¦OO�FDOO�QRGHV���WKH\�DUH�UHODWHG
�HGJHV���DQG�LI�WKH�QRGHV�DQG�HGJHV�WHOO�D�VWRU\��QRGH�HGJH�PHWDGDWD���\RX�KDYH�D�QHW�
ZRUN�JUDSK�

,�VWDUWHG�WKH�,QIRFKLPSV�SURMHFW��D�VLWH�WR�ILQG��VKDUH��RU�VHOO�DQ\�GDWDVHW�LQ�WKH�ZRUOG�
$W�,QIRFKLPSV��ZH�KDYH�D�ZKROH�EDJ�RI�WULFNV�UHDG\�WR�DSSO\�WR�DQ\�LQWHUHVWLQJ�QHWZRUN
JUDSK�WKDW�FRPHV�LQWR�WKH�FROOHFWLRQ��:H�FKLHIO\�XVH�3LJ��GHVFULEHG�LQ�&KDSWHU�����DQG
:XNRQJ��D�WRRONLW�ZH¦YH�GHYHORSHG�IRU�+DGRRS�VWUHDPLQJ�LQ�WKH�5XE\�SURJUDPPLQJ
ODQJXDJH��7KH\�OHW�XV�ZULWH�VLPSOH�VFULSWV�OLNH�WKH�RQHV�WKDW�IROORZ¢DOPRVW�DOO�RI�ZKLFK
ILW�RQ�D�VLQJOH�SULQWHG�SDJH¢WR�SURFHVV�WHUDE\WH�VFDOH�JUDSKV��+HUH�DUH�D�IHZ�GDWDVHWV
WKDW�FRPH�XS�LQ�D�VHDUFK�IRU�£QHWZRUN¤�RQ�LQIRFKLPSV�RUJ��

� $�VRFLDO�QHWZRUN��VXFK�DV�7ZLWWHU�RU�)DFHERRN��:H�VRPHZKDW�LPSHUVRQDOO\�PRGHO
SHRSOH�DV�QRGHV��DQG�UHODWLRQVKLSV��@mrflip�LV�IULHQGV�ZLWK�@tom_e_white��RU�DFWLRQV
�@infochimps�PHQWLRQHG�@hadoop��DV�HGJHV��7KH�QXPEHU�RI�PHVVDJHV�D�XVHU�KDV�VHQW
DQG�WKH�EDJ�RI�ZRUGV�IURP�DOO�WKRVH�PHVVDJHV�DUH�HDFK�LPSRUWDQW�SLHFHV�RI�QRGH
PHWDGDWD�

� $�OLQNHG�GRFXPHQW�FROOHFWLRQ�VXFK�DV�:LNLSHGLD�RU�WKH�HQWLUH�:HE���(DFK�SDJH�LV
D�QRGH��FDUU\LQJ�LWV�WLWOH��YLHZ�FRXQW��DQG�FDWHJRULHV�DV�QRGH�PHWDGDWD���(DFK�K\�
SHUOLQN�LV�DQ�HGJH��DQG�WKH�IUHTXHQF\�DW�ZKLFK�SHRSOH�FOLFN�IURP�RQH�SDJH�WR�WKH
QH[W�LV�HGJH�PHWDGDWD�

� 7KH� FRQQHFWLRQV� RI� QHXURQV� �QRGHV�� DQG� V\QDSVHV� �HGJHV�� LQ� WKH� &�� HOHJDQV
URXQGZRUP��

�� 6HH�KWWS���LQIRFKLPSV�RUJ�VHDUFK"TXHU\ QHWZRUN

�� KWWS���ZZZ�GDWDZUDQJOLQJ�FRP�ZLNLSHGLD�SDJH�WUDIILF�VWDWLVWLFV�GDWDVHW

�� KWWS���ZZZ�ZRUPDWODV�RUJ�QHXURQDOZLULQJ�KWPO
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http://issues.apache.org/jira/browse/HADOOP-3443
http://issues.apache.org/jira/browse/HADOOP-3446
http://github.com/mrflip/wukong
http://infochimps.org/search?query=network
http://www.datawrangling.com/wikipedia-page-traffic-statistics-dataset
http://www.wormatlas.org/neuronalwiring.html


� $�KLJKZD\�PDS��ZLWK�H[LWV�DV�QRGHV�DQG�KLJKZD\�VHJPHQWV�DV�HGJHV��7KH�2SHQ
6WUHHW�0DS�SURMHFW¦V�GDWDVHW�KDV�JOREDO�FRYHUDJH�RI�SODFH�QDPHV��QRGH�PHWDGDWD��
VWUHHW�QXPEHU�UDQJHV��HGJH�PHWDGDWD���DQG�PRUH��

� 2U�WKH�PDQ\�HVRWHULF�JUDSKV�WKDW�IDOO�RXW�ZKHQ�\RX�WDNH�DQ�LQWHUHVWLQJ�V\VWHP�DQG
VKDNH�LW�MXVW�ULJKW��6WUHDP�WKURXJK�D�IHZ�PLOOLRQ�7ZLWWHU�PHVVDJHV��DQG�HPLW�DQ
HGJH�IRU�HYHU\�SDLU�RI�QRQNH\ERDUG�FKDUDFWHUV�RFFXUULQJ�ZLWKLQ�WKH�VDPH�PHVVDJH�
6LPSO\�E\�REVHUYLQJ�£RIWHQ��ZKHQ�KXPDQV�XVH�㦏��WKH\�DOVR�XVH�扠�¤�\RX�FDQ�UH�
FUHDWH�D�PDS�RI�KXPDQ�ODQJXDJHV��VHH�)LJXUH��������

)LJXUH��������7ZLWWHU�ODQJXDJH�PDS

�� KWWS���ZZZ�RSHQVWUHHWPDS�RUJ�
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:KDW¦V�DPD]LQJ�DERXW�WKHVH�RUJDQLF�QHWZRUN�JUDSKV�LV�WKDW�JLYHQ�HQRXJK�GDWD��D�FRO�
OHFWLRQ�RI�SRZHUIXO�WRROV�DUH�DEOH�WR�JHQHULFDOO\�XVH�WKLV�QHWZRUN�VWUXFWXUH�WR�H[SRVH
LQVLJKW��)RU�H[DPSOH��ZH¦YH�XVHG�YDULDQWV�RI�WKH�VDPH�DOJRULWKP��WR�GR�HDFK�RI�

� 5DQN� WKH�PRVW� LPSRUWDQW� SDJHV� LQ� WKH�:LNLSHGLD� OLQNHG�GRFXPHQW� FROOHFWLRQ�
*RRJOH�XVHV�D�YDVWO\�PRUH�UHILQHG�YHUVLRQ�RI�WKLV�DSSURDFK�WR�LGHQWLI\�WRS�VHDUFK
KLWV�

� ,GHQWLI\�FHOHEULWLHV�DQG�H[SHUWV�LQ�WKH�7ZLWWHU�VRFLDO�JUDSK��8VHUV�ZKR�KDYH�PDQ\
PRUH�IROORZHUV�WKDQ�WKHLU�£WUVWUDQN¤�ZRXOG�LPSO\�DUH�RIWHQ�VSDPPHUV�

� 3UHGLFW�D�VFKRRO¦V�LPSDFW�RQ�VWXGHQW�HGXFDWLRQ��XVLQJ�PLOOLRQV�RI�DQRQ\PL]HG�H[DP
VFRUHV�JDWKHUHG�RYHU�ILYH�\HDUV�

Measuring Community
7KH�PRVW�LQWHUHVWLQJ�QHWZRUN�LQ�WKH�,QIRFKLPSV�FROOHFWLRQ�LV�D�PDVVLYH�FUDZO�RI�WKH
7ZLWWHU�VRFLDO�JUDSK��:LWK�PRUH�WKDQ����PLOOLRQ�QRGHV�DQG���ELOOLRQ�HGJHV��LW�LV�D�PDU�
YHORXV�LQVWUXPHQW�IRU�XQGHUVWDQGLQJ�ZKDW�SHRSOH�WDON�DERXW�DQG�KRZ�WKH\�UHODWH�WR
HDFK�RWKHU��+HUH�LV�DQ�H[SORUDWLRQ��XVLQJ�WKH�VXEJUDSK�RI�£3HRSOH�ZKR�WDON�DERXW�,Q�
IRFKLPSV�RU�+DGRRS�¤��RI�WKUHH�ZD\V�WR�FKDUDFWHUL]H�D�XVHU¦V�FRPPXQLW\�

� :KR�DUH�WKH�SHRSOH�WKH\�FRQYHUVH�ZLWK��WKH�#UHSO\�JUDSK�"

� 'R�WKH�SHRSOH�WKH\�HQJDJH�ZLWK�UHFLSURFDWH�WKDW�DWWHQWLRQ��V\PPHWULF�OLQNV�"

� $PRQJ� WKH� XVHU¦V� FRPPXQLW\�� KRZ� PDQ\� HQJDJH� ZLWK� HDFK� RWKHU� �FOXVWHULQJ
FRHIILFLHQW�"

Everybody’s Talkin’ at Me: The Twitter Reply Graph
7ZLWWHU�OHWV�\RX�UHSO\�WR�DQRWKHU�XVHU¦V�PHVVDJH�DQG�WKXV�HQJDJH�LQ�FRQYHUVDWLRQ��6LQFH
LW¦V�DQ�H[SUHVVO\�SXEOLF�DFWLYLW\��D�UHSO\�LV�D�VWURQJ�VRFLDO�WRNHQ��LW�VKRZV�LQWHUHVW�LQ�ZKDW
WKH�RWKHU�LV�VD\LQJ�DQG�GHPRQVWUDWHV�WKDW�LQWHUHVW�LV�ZRUWK�UHEURDGFDVWLQJ�

7KH�ILUVW�VWHS�LQ�RXU�SURFHVVLQJ�LV�GRQH�LQ�:XNRQJ��D�5XE\�ODQJXDJH�OLEUDU\�IRU�+DGRRS�
,W�OHWV�XV�ZULWH�VPDOO��DJLOH�SURJUDPV�FDSDEOH�RI�KDQGOLQJ�PXOWLWHUDE\WH�GDWD�VWUHDPV�
+HUH�LV�D�VQLSSHW�IURP�WKH�FODVV�WKDW�UHSUHVHQWV�D�WZLWWHU�PHVVDJH��RU�WZHHW���

class Tweet < Struct.new(:tweet_id, :screen_name, :created_at,
                         :reply_tweet_id, :reply_screen_name, :text)
  def initialize(raw_tweet)

�� $OO� DUH� VWHDG\�VWDWH� QHWZRUN� IORZ� SUREOHPV�� $� IORZLQJ� FURZG� RI� ZHEVXUIHUV� ZDQGHULQJ� WKH� OLQNHG�
GRFXPHQW�FROOHFWLRQ�ZLOO�YLVLW�WKH�PRVW�LQWHUHVWLQJ�SDJHV�WKH�PRVW�RIWHQ��7KH�WUDQVIHU�RI�VRFLDO�FDSLWDO
LPSOLHG�E\�VRFLDO�QHWZRUN�LQWHUDFWLRQV�KLJKOLJKWV�WKH�PRVW�FHQWUDO�DFWRUV�ZLWKLQ�HDFK�FRPPXQLW\��7KH
\HDU�WR�\HDU�SURJUHVV�RI�VWXGHQWV�WR�KLJKHU�RU�ORZHU�WHVW�VFRUHV�LPSOLHV�ZKDW�HDFK�VFKRRO¦V�HIIHFW�RQ�D
JHQHULF�FODVV�ZRXOG�EH�

�� &KRVHQ�ZLWKRXW�DSRORJ\��LQ�NHHSLQJ�ZLWK�WKH�HJR�FHQWHUHG�HWKRV�RI�VRFLDO�QHWZRUNV�

�� <RX�FDQ�ILQG�IXOO�ZRUNLQJ�VRXUFH�FRGH�RQ�WKLV�ERRN¦V�ZHEVLWH�
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    # ... gory details of parsing raw tweet omitted
  end
  
  # Tweet is a reply if there's something in the reply_tweet_id slot
  def is_reply?
    not reply_tweet_id.blank?
  true
end

7ZLWWHU¦V�6WUHDP�$3,�OHWV�DQ\RQH�HDVLO\�SXOO�JLJDE\WHV�RI�PHVVDJHV����7KH\�DUULYH�LQ�D
UDZ�-621�IRUPDW�

{"text":"Just finished the final draft for Hadoop: the Definitive Guide!",
 "screen_name":"tom_e_white","reply_screen_name":null,"id":3239897342,
 "reply_tweet_id":null,...}
{"text":"@tom_e_white Can't wait to get a copy!",
 "screen_name":"mrflip","reply_screen_name":"tom_e_white","id":3239873453,
 "reply_tweet_id":3239897342,...}
{"text":"@josephkelly great job on the #InfoChimps API. 
  Remind me to tell you about the time a baboon broke into our house.",
 "screen_name":"wattsteve","reply_screen_name":"josephkelly","id":16434069252,...}
{"text":"@mza Re: http://j.mp/atbroxmr Check out @James_Rubino's 
  http://bit.ly/clusterfork ? Lots of good hadoop refs there too",
 "screen_name":"mrflip","reply_screen_name":"@mza","id":7809927173,...}
{"text":"@tlipcon divide lots of data into little parts. Magic software gnomes
  fix up the parts, elves then assemble those into whole things #hadoop",
 "screen_name":"nealrichter","reply_screen_name":"tlipcon","id":4491069515,...}

7KH�reply_screen_name�DQG�reply_tweet_id�OHW�\RX�IROORZ�WKH�FRQYHUVDWLRQ��DV�\RX�FDQ
VHH��WKH\¦UH�RWKHUZLVH�null���/HW¦V�ILQG�HDFK�UHSO\�DQG�HPLW�WKH�UHVSHFWLYH�XVHU�,'V�DV
DQ�HGJH���

class ReplyGraphMapper < LineStreamer
  def process(raw_tweet)
    tweet = Tweet.new(raw_tweet)
    if tweet.is_reply?
      emit [tweet.screen_name, tweet.reply_screen_name]
    end
  end
end

7KH�0DSSHU�GHULYHV�IURP�LineStreamer��D�FODVV�WKDW�IHHGV�HDFK�OLQH�DV�D�VLQJOH�UHFRUG
WR� LWV�process�PHWKRG��:H�RQO\�KDYH� WR�GHILQH� WKDW�process�PHWKRG��:XNRQJ�DQG
+DGRRS�WDNH�FDUH�RI�WKH�UHVW��,Q�WKLV�FDVH��ZH�XVH�WKH�UDZ�-621�UHFRUG�WR�FUHDWH�D�WZHHW
REMHFW��:KHUH�XVHU�$�UHSOLHV�WR�XVHU�%��HPLW�WKH�HGJH�DV�$�DQG�%�VHSDUDWHG�E\�D�WDE��7KH
UDZ�RXWSXW�ZLOO�ORRN�OLNH�WKLV�

% reply_graph_mapper --run raw_tweets.json a_replies_b.tsv
mrflip          tom_e_white

��� 5HIHU�WR�WKH�7ZLWWHU�GHYHORSHU�VLWH��RU�XVH�D�WRRO�OLNH�+D\HV�'DYLV¦�)ODPLQJR�

��� ,Q�SUDFWLFH��ZH�RI�FRXUVH�XVH�QXPHULF�,'V�DQG�QRW�VFUHHQ�QDPHV��EXW�LW¦V�HDVLHU�WR�IROORZ�DORQJ�ZLWK�VFUHHQ
QDPHV��,Q�RUGHU�WR�NHHS�WKH�JUDSK�WKHRU\�GLVFXVVLRQ�JHQHUDO��,¦P�JRLQJ�WR�SOD\�ORRVH�ZLWK�VRPH�GHWDLOV
DQG�OHDYH�RXW�YDULRXV�MDQLWRULDO�GHWDLOV�RI�ORDGLQJ�DQG�UXQQLQJ�
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wattsteve       josephkelly
mrflip          mza
nealrichter     tlipcon

<RX�VKRXOG�UHDG�WKLV�DV�£D�UHSOLHV�E¤�DQG�LQWHUSUHW�LW�DV�D�GLUHFWHG�£RXW¤�HGJH��@watt
steve�FRQYH\V�VRFLDO�FDSLWDO�WR�@josephkelly�

Edge pairs versus adjacency list
7KDW�LV�WKH�HGJH�SDLUV�UHSUHVHQWDWLRQ�RI�D�QHWZRUN��,W¦V�VLPSOH��DQG�LW�JLYHV�DQ�HTXDO
MXPSLQJ�RII�SRLQW�IRU�LQ��RU�RXW�HGJHV��EXW�WKHUH¦V�VRPH�GXSOLFDWLRQ�RI�GDWD��<RX�FDQ
WHOO�WKH�VDPH�VWRU\�IURP�WKH�QRGH¦V�SRLQW�RI�YLHZ��DQG�VDYH�VRPH�GLVN�VSDFH��E\�UROOLQJ
XS�RQ�WKH�VRXUFH�QRGH��:H�FDOO�WKLV�WKH�DGMDFHQF\�OLVW��DQG�LW�FDQ�EH�JHQHUDWHG�LQ�3LJ�E\
D�VLPSOH�GROUP BY��/RDG�WKH�ILOH�

a_replies_b = LOAD 'a_replies_b.tsv' AS (src:chararray, dest:chararray);

7KHQ�ILQG�DOO�HGJHV�RXW�IURP�HDFK�QRGH�E\�JURXSLQJ�RQ�VRXUFH�

replies_out = GROUP a_replies_b BY src;
DUMP replies_out

(cutting,{(tom_e_white)})
(josephkelly,{(wattsteve)})
(mikeolson,{(LusciousPear),(kevinweil),(LusciousPear),(tlipcon)})
(mndoci,{(mrflip),(peteskomoroch),(LusciousPear),(mrflip)})
(mrflip,{(LusciousPear),(mndoci),(mndoci),(esammer),(ogrisel),(esammer),(wattsteve)})
(peteskomoroch,{(CMastication),(esammer),(DataJunkie),(mndoci),(nealrichter),...
(tlipcon,{(LusciousPear),(LusciousPear),(nealrichter),(mrflip),(kevinweil)})
(tom_e_white,{(mrflip),(lenbust)})

Degree
$�VLPSOH��XVHIXO�PHDVXUH�RI�LQIOXHQFH�LV�WKH�QXPEHU�RI�UHSOLHV�D�XVHU�UHFHLYHV��,Q�JUDSK
WHUPV��WKLV�LV�WKH�GHJUHH��VSHFLILFDOO\�WKH�LQ�GHJUHH��VLQFH�WKLV�LV�D�GLUHFWHG�JUDSK��

3LJ¦V�QHVWHG�FOREACH�V\QWD[�OHWV�XV�FRXQW�WKH�GLVWLQFW�LQFRPLQJ�UHSOLHUV��QHLJKERU�QRGHV�
DQG�WKH�WRWDO�LQFRPLQJ�UHSOLHV�LQ�RQH�SDVV���

a_replies_b = LOAD 'a_replies_b.tsv' AS (src:chararray, dest:chararray);
replies_in  = GROUP a_replies_b BY dest; -- group on dest to get in-links
replies_in_degree = FOREACH replies_in {
  nbrs = DISTINCT a_replies_b.src;
  GENERATE group, COUNT(nbrs), COUNT(a_replies_b);
};
DUMP replies_in_degree

(cutting,1L,1L)
(josephkelly,1L,1L)

��� 'XH�WR�WKH�VPDOO�VL]H�RI�WKH�HGJH�SDLU�UHFRUGV�DQG�D�SHVN\�+DGRRS�LPSOHPHQWDWLRQ�GHWDLO��WKH�0DSSHU
PD\�VSLOO�GDWD�WR�GLVN�HDUO\��,I�WKH�MREWUDFNHU�GDVKERDUG�VKRZV�£VSLOOHG�UHFRUGV¤�JUHDWO\�H[FHHGLQJ�£PDS
RXWSXW�UHFRUGV�¤�WU\�EXPSLQJ�XS�WKH�io.sort.record.percent�

PIG_OPTS="-Dio.sort.record.percent=0.25 -Dio.sort.mb=350" pig my_file.pig
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(mikeolson,3L,4L)
(mndoci,3L,4L)
(mrflip,5L,9L)
(peteskomoroch,9L,18L)
(tlipcon,4L,8L)
(tom_e_white,2L,2L)

,Q�WKLV�VDPSOH��@peteskomoroch�KDV�QLQH�QHLJKERUV�DQG����LQFRPLQJ�UHSOLHV��IDU�PRUH
WKDQ�PRVW��7KLV�ODUJH�YDULDWLRQ�LQ�GHJUHH�LV�W\SLFDO�IRU�VRFLDO�QHWZRUNV��0RVW�XVHUV�VHH
D�VPDOO�QXPEHU�RI�UHSOLHV��EXW�D�IHZ�FHOHEULWLHV¢VXFK�DV�@THE_REAL_SHAQ��EDVNHWEDOO
VWDU�6KDTXLOOH�2¦1HLOO��RU�@sockington��D�ILFWLRQDO�FDW�¢UHFHLYH�PLOOLRQV��%\�FRQWUDVW�
DOPRVW�HYHU\�LQWHUVHFWLRQ�RQ�D�URDG�PDS�LV�IRXU�ZD\����7KH�VNHZHG�GDWDIORZ�SURGXFHG
E\�WKLV�ZLOG�YDULDWLRQ�LQ�GHJUHH�KDV�LPSRUWDQW�UDPLILFDWLRQV�IRU�KRZ�\RX�SURFHVV�VXFK
JUDSKV¢PRUH�ODWHU�

Symmetric Links
$OWKRXJK�PLOOLRQV�RI�SHRSOH�KDYH�JLYHQ�@THE_REAL_SHAQ�D�VKRXW�RXW�RQ�WZLWWHU��KH�KDV
XQGHUVWDQGDEO\�QRW�UHFLSURFDWHG�ZLWK�PLOOLRQV�RI�UHSOLHV��$V�WKH�JUDSK�VKRZV��,�IUH�
TXHQWO\�FRQYHUVH�ZLWK�@mndoci����PDNLQJ�RXUV�D�V\PPHWULF�OLQN��7KLV�DFFXUDWHO\�UHIOHFWV
WKH�IDFW�WKDW�,�KDYH�PRUH�LQ�FRPPRQ�ZLWK�@mndoci�WKDQ�ZLWK�@THE_REAL_SHAQ�

2QH�ZD\�WR�ILQG�V\PPHWULF�OLQNV�LV�WR�WDNH�WKH�HGJHV�LQ�A Replied To B�WKDW�DUH�DOVR�LQ
A Replied By B��:H�FDQ�GR�WKDW�VHW�LQWHUVHFWLRQ�ZLWK�DQ�LQQHU�VHOI�MRLQ���

a_repl_to_b = LOAD 'a_replies_b.tsv' AS (user_a:chararray, user_b:chararray);
a_repl_by_b = LOAD 'a_replies_b.tsv' AS (user_b:chararray, user_a:chararray);
-- symmetric edges appear in both sets
a_symm_b_j  = JOIN a_repl_to_b BY (user_a, user_b),
                   a_repl_by_b BY (user_a, user_b);
...

+RZHYHU��WKLV�VHQGV�WZR�IXOO�FRSLHV�RI�WKH�HGJH�SDLUV�OLVW�WR�WKH�UHGXFH�SKDVH��GRXEOLQJ
WKH�PHPRU\�UHTXLUHG��:H�FDQ�GR�EHWWHU�E\�QRWLFLQJ�WKDW�IURP�D�QRGH¦V�SRLQW�RI�YLHZ�
D�V\PPHWULF�OLQN�LV�HTXLYDOHQW�WR�D�SDLUHG�HGJH��RQH�RXW�DQG�RQH�LQ��0DNH�WKH�JUDSK
XQGLUHFWHG�E\�SXWWLQJ�WKH�QRGH�ZLWK�ORZHVW�VRUW�RUGHU�LQ�WKH�ILUVW�VORW¢EXW�SUHVHUYH
WKH�GLUHFWLRQ�DV�D�SLHFH�RI�HGJH�PHWDGDWD�

a_replies_b = LOAD 'a_replies_b.tsv' AS (src:chararray, dest:chararray);
a_b_rels = FOREACH a_replies_b GENERATE
  ((src <= dest) ? src  : dest) AS user_a,
  ((src <= dest) ? dest : src)  AS user_b,
  ((src <= dest) ? 1 : 0)       AS a_re_b:int,

��� 7KH�ODUJHVW�RXWOLHU�WKDW�FRPHV�WR�PLQG�LV�WKH�IDPRXV�£0DJLF�5RXQGDERXW¤�LQ�6ZLQGRQ��(QJODQG��ZLWK
GHJUHH�����6HH�KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�0DJLFB5RXQGDERXWB���6ZLQGRQ����

��� 'HHSDN�6LQJK��RSHQ�GDWD�DGYRFDWH�DQG�EL]GHY�PDQDJHU�RI�WKH�$PD]RQ�$:6�FORXG�

��� &XUUHQW�YHUVLRQV�RI�3LJ�JHW�FRQIXVHG�RQ�VHOI�MRLQV��VR�MXVW�ORDG�WKH�WDEOH�ZLWK�GLIIHUHQWO\�QDPHG�UHODWLRQV
DV�VKRZQ�KHUH�
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  ((src <= dest) ? 0 : 1)       AS b_re_a:int;
DUMP a_b_rels

(mrflip,tom_e_white,1,0)
(josephkelly,wattsteve,0,1)
(mrflip,mza,1,0)
(nealrichter,tlipcon,0,1)

1RZ�JDWKHU�DOO�HGJHV�IRU�HDFK�QRGH�SDLU��$�V\PPHWULF�HGJH�KDV�DW�OHDVW�RQH�UHSO\�LQ
HDFK�GLUHFWLRQ�

a_b_rels_g   = GROUP a_b_rels BY (user_a, user_b);
a_symm_b_all = FOREACH a_b_rels_g GENERATE 
  group.user_a AS user_a, 
  group.user_b AS user_b,
  (( (SUM(a_b_rels.a_re_b) > 0) AND 
     (SUM(a_b_rels.b_re_a) > 0)     ) ? 1 : 0) AS is_symmetric:int;
DUMP a_symm_b_all

(mrflip,tom_e_white,1)
(mrflip,mza,0)
(josephkelly,wattsteve,0)
(nealrichter,tlipcon,1)
...

a_symm_b = FILTER a_symm_b_all BY (is_symmetric == 1);
STORE a_symm_b INTO 'a_symm_b.tsv';

+HUH¦V�D�SRUWLRQ�RI�WKH�RXWSXW��VKRZLQJ�WKDW�@mrflip�DQG�@tom_e_white�KDYH�D�V\P�
PHWULF�OLQN�

(mrflip,tom_e_white,1)
(nealrichter,tlipcon,1)
...

Community Extraction
6R�IDU��ZH¦YH�JHQHUDWHG�D�QRGH�PHDVXUH��LQ�GHJUHH��DQG�DQ�HGJH�PHDVXUH��V\PPHWULF
OLQN�LGHQWLILFDWLRQ���/HW¦V�PRYH�RXW�RQH�VWHS�DQG�ORRN�DW�D�QHLJKERUKRRG�PHDVXUH��KRZ
PDQ\�RI�D�JLYHQ�SHUVRQ¦V� IULHQGV�DUH� IULHQGV�ZLWK�HDFK�RWKHU"�$ORQJ� WKH�ZD\��ZH¦OO
SURGXFH�WKH�HGJH�VHW�IRU�D�YLVXDOL]DWLRQ�OLNH�WKH�RQH�GLVFXVVHG�HDUOLHU�

Get neighbors
&KRRVH�D�VHHG�QRGH��KHUH��@hadoop���)LUVW��URXQG�XS�WKH�VHHG¦V�QHLJKERUV�

a_replies_b = LOAD 'a_replies_b.tsv' AS (src:chararray, dest:chararray);
-- Extract edges that originate or terminate on the seed
n0_edges   = FILTER a_replies_b BY (src == 'hadoop') OR (dest == 'hadoop');
-- Choose the node in each pair that *isn't* our seed:
n1_nodes_all = FOREACH n0_edges GENERATE 
  ((src == 'hadoop') ? dest : src) AS screen_name;
n1_nodes    = DISTINCT n1_nodes_all;
DUMP n1_nodes
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1RZ�LQWHUVHFW�WKH�VHW�RI�QHLJKERUV�ZLWK�WKH�VHW�RI�VWDUWLQJ�QRGHV�WR�ILQG�DOO�HGJHV�RULJ�
LQDWLQJ�LQ�n1_nodes�

n1_edges_out_j = JOIN a_replies_b BY src, 
                      n1_nodes    BY screen_name USING 'replicated';
n1_edges_out   = FOREACH n1_edges_out_j GENERATE src, dest;

2XU�FRS\�RI�WKH�JUDSK��ZLWK�PRUH�WKDQ���ELOOLRQ�HGJHV��LV�IDU�WRR�ODUJH�WR�ILW�LQ�PHPRU\�
2Q�WKH�RWKHU�KDQG�� WKH�QHLJKERU�FRXQW� IRU�D�VLQJOH�XVHU� UDUHO\�H[FHHGV�D�FRXSOH�RI
PLOOLRQ��ZKLFK�ILWV�HDVLO\�LQ�PHPRU\��,QFOXGLQJ�USING 'replicated'�LQ�WKH�JOIN�FRP�
PDQG�LQVWUXFWV�3LJ�WR�GR�D�PDS�VLGH�MRLQ��DOVR�FDOOHG�D�IUDJPHQW�UHSOLFDWH�MRLQ���3LJ�KROGV
WKH�n1_nodes�UHODWLRQ�LQ�PHPRU\�DV�D�ORRNXS�WDEOH�DQG�VWUHDPV�WKH�IXOO�HGJH�OLVW�SDVW�
:KHQHYHU�WKH�MRLQ�FRQGLWLRQ�LV�PHW¢src�LV�LQ�WKH�n1_nodes�ORRNXS�WDEOH¢LW�SURGXFHV
RXWSXW��1R�UHGXFH�VWHS�PHDQV�DQ�HQRUPRXV�VSHHGXS�

7R�OHDYH�RQO\�HGJHV�ZKHUH�ERWK�VRXUFH�DQG�GHVWLQDWLRQ�DUH�QHLJKERUV�RI�WKH�VHHG�QRGH�
UHSHDW�WKH�MRLQ�

n1_edges_j = JOIN n1_edges_out BY dest, 
                  n1_nodes     BY screen_name USING 'replicated';
n1_edges   = FOREACH n1_edges_j GENERATE src, dest;
DUMP n1_edges

(mrflip,tom_e_white)
(mrflip,mza)
(wattsteve,josephkelly)
(nealrichter,tlipcon)
(bradfordcross,lusciouspear)
(mrflip,jeromatron)
(mndoci,mrflip)
(nealrichter,datajunkie)

Community metrics and the 1 million × 1 million problem
:LWK�@hadoop��@cloudera��DQG�@infochimps�DV�VHHGV��,�DSSOLHG�VLPLODU�VFULSWV�WR���ELOOLRQ
PHVVDJHV�WR�FUHDWH�)LJXUH��������WKLV�LPDJH�LV�DOVR�KRVWHG�RQ�WKLV�ERRN¦V�ZHEVLWH��

$V�\RX�FDQ�VHH��WKH�ELJ�GDWD�FRPPXQLW\�LV�YHU\�LQWHUFRQQHFWHG��7KH�OLQN�QHLJKERUKRRG
RI�D�FHOHEULW\�VXFK�DV�@THE_REAL_SHAQ�LV�IDU�PRUH�VSDUVH��:H�FDQ�FKDUDFWHUL]H�WKLV�XVLQJ
WKH�FOXVWHULQJ�FRHIILFLHQW��WKH�UDWLR�RI�DFWXDO�n1_edges�WR�WKH�PD[LPXP�QXPEHU�RI�SRV�
VLEOH�n1_edges��,W�UDQJHV�IURP�]HUR��QR�QHLJKERU�OLQNV�WR�DQ\�RWKHU�QHLJKERU��WR�RQH
�HYHU\�QHLJKERU�OLQNV�WR�HYHU\�RWKHU�QHLJKERU���$�PRGHUDWHO\�KLJK�FOXVWHULQJ�FRHIILFLHQW
LQGLFDWHV� D� FRKHVLYH� FRPPXQLW\��$� ORZ�FOXVWHULQJ� FRHIILFLHQW� FRXOG� LQGLFDWH�ZLGHO\
GLVSHUVHG� LQWHUHVW� �DV� LW�GRHV�ZLWK�@THE_REAL_SHAQ���RU� LW� FRXOG� LQGLFDWH� WKH�NLQG�RI
LQRUJDQLF�FRPPXQLW\�WKDW�D�VSDP�DFFRXQW�ZRXOG�HQJHQGHU�

Local properties at global scale
:H¦YH�FDOFXODWHG�FRPPXQLW\�PHWULFV�DW�WKH�VFDOH�RI�D�QRGH��DQ�HGJH��DQG�D�QHLJKERU�
KRRG��+RZ�DERXW�WKH�ZKROH�JOREH"�7KHUH¦V�QRW�HQRXJK�VSDFH�KHUH�WR�FRYHU�LW��EXW�\RX
FDQ�VLPXOWDQHRXVO\�GHWHUPLQH�WKH�FOXVWHULQJ�FRHIILFLHQW�IRU�HYHU\�QRGH�E\�JHQHUDWLQJ
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HYHU\�£WULDQJOH¤�LQ�WKH�JUDSK��)RU�HDFK�XVHU��FRPSDULQJ�WKH�QXPEHU�RI�WULDQJOHV�WKH\
EHORQJ�WR�ZLWK�WKHLU�GHJUHH�OHDGV�WR�WKH�FOXVWHULQJ�FRHIILFLHQW�

%H�FDUHIXO�� WKRXJK��5HPHPEHU� WKH�ZLGH�YDULDWLRQ� LQ�QRGH�GHJUHH�GLVFXVVHG�HDUOLHU"
5HFNOHVVO\�H[WHQGLQJ�WKH�SUHYLRXV�PHWKRG�ZLOO�OHDG�WR�DQ�H[SORVLRQ�RI�GDWD¢SRS�VWDU
@britneyspears� �����PLOOLRQ�IROORZHUV����������IROORZLQJ�DV�RI�-XO\�������RU�@Whole
Foods������PLOOLRQ�IROORZHUV����������IROORZLQJ��ZLOO�HDFK�JHQHUDWH�WULOOLRQV�RI�HQWULHV�
:KDW¦V�ZRUVH��EHFDXVH�ODUJH�FRPPXQLWLHV�KDYH�D�VSDUVH�FOXVWHULQJ�FRHIILFLHQW��DOPRVW
DOO�RI� WKHVH�ZLOO�EH� WKURZQ�DZD\��7KHUH� LV�D�YHU\�HOHJDQW�ZD\� WR�GR�WKLV�RQ� WKH� IXOO
JUDSK����EXW�DOZD\V�NHHS�LQ�PLQG�ZKDW�WKH�UHDO�ZRUOG�VD\V�DERXW�WKH�SUREOHP��,I�\RX¦UH
ZLOOLQJ�WR�DVVHUW�WKDW�@britneyspears�LVQ¦W�UHDOO\�IULHQGV�ZLWK���������SHRSOH��\RX�FDQ
NHHS�RQO\�WKH�VWURQJ�OLQNV��:HLJKW�HDFK�HGJH��E\�QXPEHU�RI�UHSOLHV��ZKHWKHU�LW¦V�V\P�
PHWULF��DQG�VR�RQ���DQG�VHW�OLPLWV�RQ�WKH�QXPEHU�RI�OLQNV�IURP�DQ\�QRGH��7KLV�VKDUSO\
UHGXFHV�WKH�LQWHUPHGLDWH�GDWD�VL]H��\HW�VWLOO�GRHV�D�UHDVRQDEOH�MRE�RI�HVWLPDWLQJ�FRKH�
VLYHQHVV�

¢3KLOLS��IOLS��.URPHU��,QIRFKLPSV

)LJXUH��������%LJ�GDWD�FRPPXQLW\�RQ�7ZLWWHU

��� 6HH�KWWS���ZZZ�VOLGHVKDUH�QHW�\GQ���[[O�JUDSKDOJRKDGRRSVXPPLW������6HUJHL�9DVVLOYLWVNLL��@vsergei��DQG
-DNH� +RIPDQ� �@jakehofman�� RI� <DKRR�� 5HVHDUFK� VROYH� VHYHUDO� JUDSK� SUREOHPV� E\� YHU\� LQWHOOLJHQWO\
WKURZLQJ�DZD\�PRVW�RI�WKH�JUDSK�
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APPENDIX A

Installing Apache Hadoop

,W¦V�HDV\�WR�LQVWDOO�+DGRRS�RQ�D�VLQJOH�PDFKLQH�WR�WU\�LW�RXW���)RU�LQVWDOODWLRQ�RQ�D�FOXVWHU�
SOHDVH�UHIHU�WR�&KDSWHU�����7KH�TXLFNHVW�ZD\�LV�WR�GRZQORDG�DQG�UXQ�D�ELQDU\�UHOHDVH
IURP�DQ�$SDFKH�6RIWZDUH�)RXQGDWLRQ�0LUURU�

,Q�WKLV�DSSHQGL[��ZH�FRYHU�KRZ�WR�LQVWDOO�+DGRRS�&RPPRQ��+')6��DQG�0DS5HGXFH�
,QVWUXFWLRQV�IRU�LQVWDOOLQJ�WKH�RWKHU�SURMHFWV�FRYHUHG�LQ�WKLV�ERRN�DUH�LQFOXGHG�DW�WKH
VWDUW�RI�WKH�UHOHYDQW�FKDSWHUV�

Prerequisites
+DGRRS�LV�ZULWWHQ�LQ�-DYD��VR�\RX�ZLOO�QHHG�WR�KDYH�-DYD�LQVWDOOHG�RQ�\RXU�PDFKLQH�
YHUVLRQ���RU�ODWHU��6XQ¦V�-'.�LV�WKH�RQH�PRVW�ZLGHO\�XVHG�ZLWK�+DGRRS��DOWKRXJK�RWKHUV
KDYH�EHHQ�UHSRUWHG�WR�ZRUN�

+DGRRS�UXQV�RQ�8QL[�DQG�RQ�:LQGRZV��/LQX[�LV�WKH�RQO\�VXSSRUWHG�SURGXFWLRQ�SODW�
IRUP��EXW�RWKHU�IODYRUV�RI�8QL[��LQFOXGLQJ�0DF�26�;��FDQ�EH�XVHG�WR�UXQ�+DGRRS�IRU
GHYHORSPHQW��:LQGRZV�LV�VXSSRUWHG�RQO\�DV�D�GHYHORSPHQW�SODWIRUP��DQG�DGGLWLRQDOO\
UHTXLUHV�&\JZLQ�WR�UXQ��'XULQJ�WKH�&\JZLQ�LQVWDOODWLRQ�SURFHVV��\RX�VKRXOG�LQFOXGH
WKH�RSHQVVK�SDFNDJH�LI�\RX�SODQ�WR�UXQ�+DGRRS�LQ�SVHXGRGLVWULEXWHG�PRGH��VHH�WKH
IROORZLQJ�H[SODQDWLRQ��

Installation
6WDUW�E\�GHFLGLQJ�ZKLFK�XVHU�\RX¦G�OLNH�WR�UXQ�+DGRRS�DV��)RU�WU\LQJ�RXW�+DGRRS�RU
GHYHORSLQJ�+DGRRS�SURJUDPV��LW�LV�VLPSOHVW�WR�UXQ�+DGRRS�RQ�D�VLQJOH�PDFKLQH�XVLQJ
\RXU�RZQ�XVHU�DFFRXQW�

'RZQORDG�D�VWDEOH�UHOHDVH��ZKLFK�LV�SDFNDJHG�DV�D�J]LSSHG�WDU�ILOH��IURP�WKH�$SDFKH
+DGRRS�UHOHDVHV�SDJH��DQG�XQSDFN�LW�VRPHZKHUH�RQ�\RXU�ILOHV\VWHP�

% tar xzf hadoop-x.y.z.tar.gz
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%HIRUH�\RX�FDQ�UXQ�+DGRRS��\RX�QHHG�WR�WHOO�LW�ZKHUH�-DYD�LV�ORFDWHG�RQ�\RXU�V\VWHP�
,I�\RX�KDYH�WKH�JAVA_HOME�HQYLURQPHQW�YDULDEOH�VHW�WR�SRLQW�WR�D�VXLWDEOH�-DYD�LQVWDOOD�
WLRQ��WKDW�ZLOO�EH�XVHG��DQG�\RX�GRQ¦W�KDYH�WR�FRQILJXUH�DQ\WKLQJ�IXUWKHU���,W�LV�RIWHQ�VHW
LQ�D�VKHOO�VWDUWXS�ILOH��VXFK�DV�a��EDVKBSURILOH�RU�a��EDVKUF���2WKHUZLVH��\RX�FDQ�VHW�WKH
-DYD�LQVWDOODWLRQ�WKDW�+DGRRS�XVHV�E\�HGLWLQJ�FRQI�KDGRRS�HQY�VK�DQG�VSHFLI\LQJ�WKH�
JAVA_HOME�YDULDEOH��)RU�H[DPSOH��RQ�P\�0DF��,�FKDQJHG�WKH�OLQH�WR�UHDG�

export JAVA_HOME=/System/Library/Frameworks/JavaVM.framework/Versions/1.6/Home/

WR�SRLQW�WR�WKH�ODWHVW�����YHUVLRQ�RI�-DYD��2Q�8EXQWX��WKH�HTXLYDOHQW�OLQH�LV�

export JAVA_HOME=/usr/lib/jvm/java-6-sun

,W¦V�YHU\�FRQYHQLHQW�WR�FUHDWH�DQ�HQYLURQPHQW�YDULDEOH�WKDW�SRLQWV�WR�WKH�+DGRRS�LQ�
VWDOODWLRQ�GLUHFWRU\��HADOOP_INSTALL��VD\��DQG�WR�SXW�WKH�+DGRRS�ELQDU\�GLUHFWRU\�RQ
\RXU�FRPPDQG�OLQH�SDWK���,Q�+DGRRS������\RX�PD\�QHHG�WR�SXW�WKH�VELQ�GLUHFWRU\�RQ
WKH�SDWK�WRR���)RU�H[DPSOH�

% export HADOOP_INSTALL=/home/tom/hadoop-x.y.z
% export PATH=$PATH:$HADOOP_INSTALL/bin:$HADOOP_INSTALL/sbin

&KHFN�WKDW�+DGRRS�UXQV�E\�W\SLQJ�

% hadoop version
Hadoop 1.0.0
Subversion https://svn.apache.org/repos/asf/hadoop/common/branches/branch-1.0
 -r 1214675
Compiled by hortonfo on Thu Dec 15 16:36:35 UTC 2011

Configuration
(DFK�FRPSRQHQW�LQ�+DGRRS�LV�FRQILJXUHG�XVLQJ�DQ�;0/�ILOH��&RPPRQ�SURSHUWLHV�JR
LQ�FRUH�VLWH�[PO��+')6�SURSHUWLHV�JR�LQ�KGIV�VLWH�[PO��DQG�0DS5HGXFH�SURSHUWLHV�JR�LQ
PDSUHG�VLWH�[PO��7KHVH�ILOHV�DUH�DOO�ORFDWHG�LQ�WKH�FRQI�VXEGLUHFWRU\�

,Q�HDUOLHU�YHUVLRQV�RI�+DGRRS��WKHUH�ZDV�D�VLQJOH�VLWH�FRQILJXUDWLRQ�ILOH
IRU�WKH�&RPPRQ��+')6��DQG�0DS5HGXFH�FRPSRQHQWV��FDOOHG�KDGRRS�
VLWH�[PO��)URP�UHOHDVH��������RQZDUG��WKLV�ILOH�KDV�EHHQ�VSOLW�LQWR�WKUHH�
RQH�IRU�HDFK�FRPSRQHQW��7KH�SURSHUW\�QDPHV�KDYH�QRW�FKDQJHG��MXVW
WKH�FRQILJXUDWLRQ�ILOH�WKH\�KDYH�WR�JR�LQ��<RX�FDQ�VHH�WKH�GHIDXOW�VHWWLQJV
IRU�DOO�WKH�SURSHUWLHV�WKDW�DUH�JRYHUQHG�E\�WKHVH�FRQILJXUDWLRQ�ILOHV�E\
ORRNLQJ�LQ�WKH�GRFV�GLUHFWRU\�RI�\RXU�+DGRRS�LQVWDOODWLRQ�IRU�+70/�ILOHV
FDOOHG�FRUH�GHIDXOW�KWPO��KGIV�GHIDXOW�KWPO��DQG�PDSUHG�GHIDXOW�KWPO�

,Q�+DGRRS�����DQG�ODWHU��0DS5HGXFH�UXQV�RQ�<$51�DQG�WKHUH�LV�DQ�DGGLWLRQDO�FRQ�
ILJXUDWLRQ� ILOH� FDOOHG� \DUQ�VLWH�[PO�� $OO� WKH� FRQILJXUDWLRQ� ILOHV� VKRXOG� JR� LQ� WKH� HWF�
KDGRRS�VXEGLUHFWRU\�

+DGRRS�FDQ�EH�UXQ�LQ�RQH�RI�WKUHH�PRGHV�
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6WDQGDORQH��RU�ORFDO��PRGH
7KHUH�DUH�QR�GDHPRQV�UXQQLQJ�DQG�HYHU\WKLQJ�UXQV�LQ�D�VLQJOH�-90��6WDQGDORQH
PRGH�LV�VXLWDEOH�IRU�UXQQLQJ�0DS5HGXFH�SURJUDPV�GXULQJ�GHYHORSPHQW��VLQFH�LW
LV�HDV\�WR�WHVW�DQG�GHEXJ�WKHP�

3VHXGRGLVWULEXWHG�PRGH
7KH�+DGRRS�GDHPRQV�UXQ�RQ�WKH�ORFDO�PDFKLQH��WKXV�VLPXODWLQJ�D�FOXVWHU�RQ�D
VPDOO�VFDOH�

)XOO\�GLVWULEXWHG�PRGH
7KH�+DGRRS�GDHPRQV�UXQ�RQ�D�FOXVWHU�RI�PDFKLQHV��7KLV�VHWXS� LV�GHVFULEHG� LQ
&KDSWHU���

7R�UXQ�+DGRRS�LQ�D�SDUWLFXODU�PRGH��\RX�QHHG�WR�GR�WZR�WKLQJV��VHW�WKH�DSSURSULDWH
SURSHUWLHV��DQG�VWDUW�WKH�+DGRRS�GDHPRQV��7DEOH�$���VKRZV�WKH�PLQLPDO�VHW�RI�SURS�
HUWLHV�WR�FRQILJXUH�HDFK�PRGH��,Q�VWDQGDORQH�PRGH��WKH�ORFDO�ILOHV\VWHP�DQG�WKH�ORFDO
0DS5HGXFH� MRE� UXQQHU� DUH�XVHG��ZKHUHDV� LQ� WKH�GLVWULEXWHG�PRGHV� WKH�+')6� DQG
0DS5HGXFH��RU�<$51��GDHPRQV�DUH�VWDUWHG�

7DEOH�$����.H\�FRQILJXUDWLRQ�SURSHUWLHV�IRU�GLIIHUHQW�PRGHV

Component Property Standalone Pseudodistributed Fully distributed

Common fs.default.name file:/// (de-
fault)

hdfs://local
host/

hdfs://name
node/

HDFS dfs.replication N/A 1 3 (default)

MapReduce 1 mapred.job.tracker local (default) localhost:8021 jobtracker:8021

YARN
(MapReduce 2)

yarn.resource
manager.address

N/A localhost:8032 resourceman
ager:8032

<RX�FDQ�UHDG�PRUH�DERXW�FRQILJXUDWLRQ�LQ�£+DGRRS�&RQILJXUDWLRQ¤�RQ�SDJH�����DQG
£<$51�&RQILJXUDWLRQ¤�RQ�SDJH�����

Standalone Mode
,Q�VWDQGDORQH�PRGH��WKHUH�LV�QR�IXUWKHU�DFWLRQ�WR�WDNH��VLQFH�WKH�GHIDXOW�SURSHUWLHV�DUH
VHW�IRU�VWDQGDORQH�PRGH�DQG�WKHUH�DUH�QR�GDHPRQV�WR�UXQ�

Pseudodistributed Mode
7KH�FRQILJXUDWLRQ�ILOHV�VKRXOG�EH�FUHDWHG�ZLWK�WKH�IROORZLQJ�FRQWHQWV�DQG�SODFHG�LQ�WKH
FRQI�GLUHFWRU\��DOWKRXJK�\RX�FDQ�SODFH�FRQILJXUDWLRQ�ILOHV�LQ�DQ\�GLUHFWRU\�DV�ORQJ�DV
\RX�VWDUW�WKH�GDHPRQV�ZLWK�WKH�--config�RSWLRQ��

<?xml version="1.0"?>
<!-- core-site.xml -->
<configuration>
  <property>
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    <name>fs.default.name</name>
    <value>hdfs://localhost/</value>
  </property>
</configuration>

<?xml version="1.0"?>
<!-- hdfs-site.xml -->
<configuration>
  <property>
    <name>dfs.replication</name>
    <value>1</value>
  </property>
</configuration>

<?xml version="1.0"?>
<!-- mapred-site.xml -->
<configuration>
  <property>
    <name>mapred.job.tracker</name>
    <value>localhost:8021</value>
  </property>
</configuration>

,I�\RX�DUH�UXQQLQJ�<$51��XVH�WKH�\DUQ�VLWH�[PO�ILOH�

<?xml version="1.0"?>
<!-- yarn-site.xml -->
<configuration>
  <property>
    <name>yarn.resourcemanager.address</name>
    <value>localhost:8032</value>
  </property>
  <property>
    <name>yarn.nodemanager.aux-services</name>
    <value>mapreduce.shuffle</value>
  </property>
</configuration>

Configuring SSH
,Q�SVHXGRGLVWULEXWHG�PRGH��ZH�KDYH�WR�VWDUW�GDHPRQV��DQG�WR�GR�WKDW��ZH�QHHG�WR�KDYH
66+� LQVWDOOHG��+DGRRS�GRHVQ¦W� DFWXDOO\�GLVWLQJXLVK�EHWZHHQ�SVHXGRGLVWULEXWHG�DQG
IXOO\�GLVWULEXWHG�PRGHV�� LW�PHUHO\� VWDUWV�GDHPRQV�RQ� WKH� VHW�RI�KRVWV� LQ� WKH� FOXVWHU
�GHILQHG�E\�WKH�VODYHV� ILOH��E\�66+�LQJ�WR�HDFK�KRVW�DQG�VWDUWLQJ�D�GDHPRQ�SURFHVV�
3VHXGRGLVWULEXWHG�PRGH�LV�MXVW�D�VSHFLDO�FDVH�RI�IXOO\�GLVWULEXWHG�PRGH�LQ�ZKLFK�WKH
�VLQJOH��KRVW�LV�ORFDOKRVW��VR�ZH�QHHG�WR�PDNH�VXUH�WKDW�ZH�FDQ�66+�WR�ORFDOKRVW�DQG�ORJ
LQ�ZLWKRXW�KDYLQJ�WR�HQWHU�D�SDVVZRUG�

)LUVW��PDNH�VXUH�WKDW�66+�LV�LQVWDOOHG�DQG�D�VHUYHU�LV�UXQQLQJ��2Q�8EXQWX��IRU�H[DPSOH�
WKLV�LV�DFKLHYHG�ZLWK�

% sudo apt-get install ssh
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2Q�:LQGRZV�ZLWK�&\JZLQ��\RX�FDQ�VHW�XS�DQ�66+�VHUYHU��DIWHU�KDYLQJ
LQVWDOOHG�WKH�openssh�SDFNDJH��E\�UXQQLQJ�ssh-host-config -y�

2Q� 0DF� 26� ;�� PDNH� VXUH� 5HPRWH� /RJLQ� �XQGHU� 6\VWHP� 3UHIHUHQ�
FHVൺ6KDULQJ��LV�HQDEOHG�IRU�WKH�FXUUHQW�XVHU��RU�DOO�XVHUV��

7KHQ��WR�HQDEOH�SDVVZRUG�OHVV�ORJLQ��JHQHUDWH�D�QHZ�66+�NH\�ZLWK�DQ�HPSW\�SDVVSKUDVH�

% ssh-keygen -t rsa -P '' -f ~/.ssh/id_rsa
% cat ~/.ssh/id_rsa.pub >> ~/.ssh/authorized_keys

7HVW�WKLV�ZLWK�

% ssh localhost

,I�VXFFHVVIXO��\RX�VKRXOG�QRW�KDYH�WR�W\SH�LQ�D�SDVVZRUG�

Formatting the HDFS filesystem
%HIRUH�LW�FDQ�EH�XVHG��D�EUDQG�QHZ�+')6�LQVWDOODWLRQ�QHHGV�WR�EH�IRUPDWWHG��7KH�IRU�
PDWWLQJ�SURFHVV�FUHDWHV�DQ�HPSW\�ILOHV\VWHP�E\�FUHDWLQJ�WKH�VWRUDJH�GLUHFWRULHV�DQG�WKH
LQLWLDO� YHUVLRQV�RI� WKH�QDPHQRGH¦V�SHUVLVWHQW�GDWD� VWUXFWXUHV��'DWDQRGHV�DUH�QRW� LQ�
YROYHG�LQ�WKH�LQLWLDO�IRUPDWWLQJ�SURFHVV��VLQFH�WKH�QDPHQRGH�PDQDJHV�DOO�RI�WKH�ILOHV\V�
WHP¦V�PHWDGDWD��DQG�GDWDQRGHV�FDQ�MRLQ�RU�OHDYH�WKH�FOXVWHU�G\QDPLFDOO\��)RU�WKH�VDPH
UHDVRQ��\RX�GRQ¦W�QHHG�WR�VD\�KRZ�ODUJH�D�ILOHV\VWHP�WR�FUHDWH��VLQFH�WKLV�LV�GHWHUPLQHG
E\�WKH�QXPEHU�RI�GDWDQRGHV�LQ�WKH�FOXVWHU��ZKLFK�FDQ�EH�LQFUHDVHG�DV�QHHGHG��ORQJ�DIWHU
WKH�ILOHV\VWHP�LV�IRUPDWWHG�

)RUPDWWLQJ�+')6�LV�D�IDVW�RSHUDWLRQ��-XVW�W\SH�WKH�IROORZLQJ�

% hadoop namenode -format

Starting and stopping the daemons (MapReduce 1)
7R�VWDUW�WKH�+')6�DQG�0DS5HGXFH�GDHPRQV��W\SH�

% start-dfs.sh
% start-mapred.sh

,I�\RX�KDYH�SODFHG�FRQILJXUDWLRQ�ILOHV�RXWVLGH�WKH�GHIDXOW�FRQI�GLUHFWRU\�
VWDUW�WKH�GDHPRQV�ZLWK�WKH�--config�RSWLRQ��ZKLFK�WDNHV�DQ�DEVROXWH
SDWK�WR�WKH�FRQILJXUDWLRQ�GLUHFWRU\�

% start-dfs.sh --config path-to-config-directory
% start-mapred.sh --config path-to-config-directory

7KH�IROORZLQJ�GDHPRQV�ZLOO�EH�VWDUWHG�RQ�\RXU�ORFDO�PDFKLQH��D�QDPHQRGH��D�VHFRQGDU\
QDPHQRGH��D�GDWDQRGH��D�MREWUDFNHU��DQG�D�WDVNWUDFNHU��<RX�FDQ�FKHFN�ZKHWKHU�WKH
GDHPRQV� VWDUWHG� VXFFHVVIXOO\�E\� ORRNLQJ�DW� WKH� ORJILOHV� LQ� WKH� ORJV� GLUHFWRU\� �LQ� WKH
+DGRRS� LQVWDOODWLRQ� GLUHFWRU\�� RU� E\� ORRNLQJ� DW� WKH� ZHE� 8,V�� DW� KWWS���ORFDOKRVW�
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�������IRU�WKH�MREWUDFNHU�DQG�DW�KWWS���ORFDOKRVW��������IRU�WKH�QDPHQRGH��<RX�FDQ�DOVR
XVH�-DYD¦V�jps�FRPPDQG�WR�VHH�ZKHWKHU�WKH\�DUH�UXQQLQJ�

6WRSSLQJ�WKH�GDHPRQV�LV�GRQH�LQ�WKH�REYLRXV�ZD\�

% stop-dfs.sh
% stop-mapred.sh

Starting and stopping the daemons (MapReduce 2)
7R�VWDUW�WKH�+')6�DQG�<$51�GDHPRQV��W\SH�

% start-dfs.sh
% start-yarn.sh

7KHVH�FRPPDQGV�ZLOO�VWDUW�WKH�+')6�GDHPRQV��DQG�IRU�<$51��D�UHVRXUFH�PDQDJHU
DQG�D�QRGH�PDQDJHU��7KH�UHVRXUFH�PDQDJHU�ZHE�8,�LV�DW�KWWS���ORFDOKRVW�������

<RX�FDQ�VWRS�WKH�GDHPRQV�ZLWK�

% stop-dfs.sh
% stop-yarn.sh

Fully Distributed Mode
6HWWLQJ�XS�D�FOXVWHU�RI�PDFKLQHV�EULQJV�PDQ\�DGGLWLRQDO�FRQVLGHUDWLRQV��VR�WKLV�PRGH
LV�FRYHUHG�LQ�&KDSWHU���
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APPENDIX B

Cloudera’s Distribution Including
Apache Hadoop

&ORXGHUD¦V�'LVWULEXWLRQ�,QFOXGLQJ�$SDFKH�+DGRRS��KHUHDIWHU�&'+��LV�DQ�LQWHJUDWHG
$SDFKH�+DGRRS�EDVHG�VWDFN�FRQWDLQLQJ�DOO�WKH�FRPSRQHQWV�QHHGHG�IRU�SURGXFWLRQ�XVH�
WHVWHG�DQG�SDFNDJHG�WR�ZRUN�WRJHWKHU��&ORXGHUD�PDNHV�WKH�GLVWULEXWLRQ�DYDLODEOH�LQ�D
QXPEHU�RI�GLIIHUHQW� IRUPDWV��/LQX[�SDFNDJHV��YLUWXDO�PDFKLQH� LPDJHV�� WDUEDOOV��DQG
VFULSWV� IRU� UXQQLQJ�&'+�LQ� WKH�FORXG��&'+�LV� IUHH�� UHOHDVHG�XQGHU� WKH�$SDFKH����
OLFHQVH�DQG�DYDLODEOH�DW�KWWS���ZZZ�FORXGHUD�FRP�KDGRRS��

$V�RI�&'+���WKH�IROORZLQJ�FRPSRQHQWV�DUH�LQFOXGHG��PDQ\�RI�ZKLFK�DUH�FRYHUHG�HOVH�
ZKHUH�LQ�WKLV�ERRN�

� +')6��6HOI�KHDOLQJ�GLVWULEXWHG�ILOHV\VWHP

� 0DS5HGXFH��3RZHUIXO��SDUDOOHO�GDWD�SURFHVVLQJ�IUDPHZRUN

� +DGRRS�&RPPRQ��$�VHW�RI�XWLOLWLHV�WKDW�VXSSRUW�WKH�+DGRRS�VXESURMHFWV

� +%DVH��+DGRRS�GDWDEDVH�IRU�UDQGRP�UHDG�ZULWH�DFFHVV

� +LYH��64/�OLNH�TXHULHV�DQG�WDEOHV�RQ�ODUJH�GDWDVHWV

� 3LJ��'DWDIORZ�ODQJXDJH�DQG�FRPSLOHU

� 2R]LH��:RUNIORZ�IRU�LQWHUGHSHQGHQW�+DGRRS�MREV

� 6TRRS��,QWHJUDWH�GDWDEDVHV�DQG�GDWD�ZDUHKRXVHV�ZLWK�+DGRRS

� )OXPH��+LJKO\�UHOLDEOH��FRQILJXUDEOH�VWUHDPLQJ�GDWD�FROOHFWLRQ

� =RR.HHSHU��&RRUGLQDWLRQ�VHUYLFH�IRU�GLVWULEXWHG�DSSOLFDWLRQV

� +XH��8VHU�LQWHUIDFH�IUDPHZRUN�DQG�6'.�IRU�YLVXDO�+DGRRS�DSSOLFDWLRQV

� :KLUU��/LEUDULHV�DQG�VFULSWV�IRU�UXQQLQJ�+DGRRS�DQG�UHODWHG�VHUYLFHV�LQ�WKH�FORXG

� 0DKRXW��6FDODEOH�PDFKLQH�OHDUQLQJ�DQG�GDWD�PLQLQJ�DOJRULWKPV
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&ORXGHUD�DOVR�SURYLGHV�&ORXGHUD�0DQDJHU�IRU�GHSOR\LQJ�DQG�RSHUDWLQJ�+DGRRS�FOXVWHUV
UXQQLQJ�&'+�

7R�GRZQORDG�&'+�DQG�&ORXGHUD�0DQDJHU��YLVLW�KWWS���ZZZ�FORXGHUD�FRP�GRZQORDGV��
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APPENDIX C

Preparing the NCDC Weather Data

7KLV�DSSHQGL[�JLYHV�D�UXQWKURXJK�RI�WKH�VWHSV�WDNHQ�WR�SUHSDUH�WKH�UDZ�ZHDWKHU�GDWDILOHV
VR�WKH\�DUH�LQ�D�IRUP�WKDW�LV�DPHQDEOH�IRU�DQDO\VLV�XVLQJ�+DGRRS��,I�\RX�ZDQW�WR�JHW�D
FRS\�RI�WKH�GDWD�WR�SURFHVV�XVLQJ�+DGRRS��\RX�FDQ�GR�VR�E\�IROORZLQJ�WKH�LQVWUXFWLRQV
JLYHQ�DW�WKH�ZHEVLWH�WKDW�DFFRPSDQLHV�WKLV�ERRN�DW�KWWS���ZZZ�KDGRRSERRN�FRP���7KH
UHVW�RI�WKLV�DSSHQGL[�H[SODLQV�KRZ�WKH�UDZ�ZHDWKHU�GDWDILOHV�ZHUH�SURFHVVHG�

7KH�UDZ�GDWD�LV�SURYLGHG�DV�D�FROOHFWLRQ�RI�WDU�ILOHV��FRPSUHVVHG�ZLWK�E]LS���(DFK�\HDU
RI�UHDGLQJV�FRPHV�LQ�D�VHSDUDWH�ILOH��+HUH¦V�D�SDUWLDO�GLUHFWRU\�OLVWLQJ�RI�WKH�ILOHV�

1901.tar.bz2
1902.tar.bz2
1903.tar.bz2
...
2000.tar.bz2

(DFK�WDU�ILOH�FRQWDLQV�D�ILOH�IRU�HDFK�ZHDWKHU�VWDWLRQ¦V�UHDGLQJV�IRU�WKH�\HDU��FRPSUHVVHG
ZLWK�J]LS���7KH�IDFW�WKDW�WKH�ILOHV�LQ�WKH�DUFKLYH�DUH�FRPSUHVVHG�PDNHV�WKH�E]LS��FRP�
SUHVVLRQ�RQ�WKH�DUFKLYH�LWVHOI�UHGXQGDQW���)RU�H[DPSOH�

% tar jxf 1901.tar.bz2
% ls -l 1901 | head
011990-99999-1950.gz
011990-99999-1950.gz
...
011990-99999-1950.gz

%HFDXVH�WKHUH�DUH�WHQV�RI�WKRXVDQGV�RI�ZHDWKHU�VWDWLRQV��WKH�ZKROH�GDWDVHW�LV�PDGH�XS
RI�D� ODUJH�QXPEHU�RI�UHODWLYHO\�VPDOO� ILOHV�� ,W¦V�JHQHUDOO\�HDVLHU�DQG�PRUH�HIILFLHQW�WR
SURFHVV�D�VPDOOHU�QXPEHU�RI�UHODWLYHO\�ODUJH�ILOHV�LQ�+DGRRS��VHH�£6PDOO�ILOHV�DQG�&RP�
ELQH)LOH,QSXW)RUPDW¤�RQ�SDJH�������VR�LQ�WKLV�FDVH��,�FRQFDWHQDWHG�WKH�GHFRPSUHVVHG
ILOHV�IRU�D�ZKROH�\HDU�LQWR�D�VLQJOH�ILOH��QDPHG�E\�WKH�\HDU��,�GLG�WKLV�XVLQJ�D�0DS5HGXFH
SURJUDP��WR�WDNH�DGYDQWDJH�RI�LWV�SDUDOOHO�SURFHVVLQJ�FDSDELOLWLHV��/HW¦V�WDNH�D�FORVHU
ORRN�DW�WKH�SURJUDP�
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7KH�SURJUDP�KDV�RQO\�D�PDS�IXQFWLRQ��1R�UHGXFH�IXQFWLRQ�LV�QHHGHG�EHFDXVH�WKH�PDS
GRHV�DOO�WKH�ILOH�SURFHVVLQJ�LQ�SDUDOOHO�ZLWK�QR�FRPELQH�VWDJH��7KH�SURFHVVLQJ�FDQ�EH
GRQH�ZLWK�D�8QL[�VFULSW��VR�WKH�6WUHDPLQJ�LQWHUIDFH�WR�0DS5HGXFH�LV�DSSURSULDWH�LQ�WKLV
FDVH��VHH�([DPSOH�&���

([DPSOH�&����%DVK�VFULSW�WR�SURFHVV�UDZ�1&'&�GDWDILOHV�DQG�VWRUH�LQ�+')6

#!/usr/bin/env bash

# NLineInputFormat gives a single line: key is offset, value is S3 URI
read offset s3file

# Retrieve file from S3 to local disk
echo "reporter:status:Retrieving $s3file" >&2
$HADOOP_INSTALL/bin/hadoop fs -get $s3file .

# Un-bzip and un-tar the local file
target=`basename $s3file .tar.bz2`
mkdir -p $target
echo "reporter:status:Un-tarring $s3file to $target" >&2
tar jxf `basename $s3file` -C $target

# Un-gzip each station file and concat into one file
echo "reporter:status:Un-gzipping $target" >&2
for file in $target/*/*
do
  gunzip -c $file >> $target.all
  echo "reporter:status:Processed $file" >&2
done

# Put gzipped version into HDFS
echo "reporter:status:Gzipping $target and putting in HDFS" >&2
gzip -c $target.all | $HADOOP_INSTALL/bin/hadoop fs -put - gz/$target.gz

7KH�LQSXW�LV�D�VPDOO�WH[W�ILOH��QFGFBILOHV�W[W��OLVWLQJ�DOO�WKH�ILOHV�WR�EH�SURFHVVHG��WKH�ILOHV
VWDUW�RXW�RQ�6���VR�WKH�ILOHV�DUH�UHIHUHQFHG�XVLQJ�6��85,V�WKDW�+DGRRS�XQGHUVWDQGV��
+HUH�LV�D�VDPSOH�

s3n://hadoopbook/ncdc/raw/isd-1901.tar.bz2
s3n://hadoopbook/ncdc/raw/isd-1902.tar.bz2
...
s3n://hadoopbook/ncdc/raw/isd-2000.tar.bz2

%\�VSHFLI\LQJ�WKH�LQSXW�IRUPDW�WR�EH�NLineInputFormat��HDFK�PDSSHU�UHFHLYHV�RQH�OLQH
RI�LQSXW��ZKLFK�FRQWDLQV�WKH�ILOH�LW�KDV�WR�SURFHVV��7KH�SURFHVVLQJ�LV�H[SODLQHG�LQ�WKH
VFULSW��EXW�EULHIO\��LW�XQSDFNV�WKH�E]LS��ILOH�DQG�WKHQ�FRQFDWHQDWHV�HDFK�VWDWLRQ�ILOH�LQWR
D�VLQJOH�ILOH�IRU�WKH�ZKROH�\HDU��)LQDOO\��WKH�ILOH�LV�J]LSSHG�DQG�FRSLHG�LQWR�+')6��1RWH
WKH�XVH�RI�hadoop fs -put -�WR�FRQVXPH�IURP�VWDQGDUG�LQSXW�

6WDWXV�PHVVDJHV�DUH�HFKRHG�WR�VWDQGDUG�HUURU�ZLWK�D�reporter:status�SUHIL[�VR�WKDW�WKH\
JHW� LQWHUSUHWHG�DV� D�0DS5HGXFH� VWDWXV�XSGDWH��7KLV� WHOOV�+DGRRS� WKDW� WKH� VFULSW� LV
PDNLQJ�SURJUHVV�DQG�LV�QRW�KDQJLQJ�
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7KH�VFULSW�WR�UXQ�WKH�6WUHDPLQJ�MRE�LV�DV�IROORZV�

% hadoop jar $HADOOP_INSTALL/contrib/streaming/hadoop-*-streaming.jar \
  -D mapred.reduce.tasks=0 \
  -D mapred.map.tasks.speculative.execution=false \
  -D mapred.task.timeout=12000000 \
  -input ncdc_files.txt \
  -inputformat org.apache.hadoop.mapred.lib.NLineInputFormat \
  -output output \
  -mapper load_ncdc_map.sh \
  -file load_ncdc_map.sh

,�VHW�WKH�QXPEHU�RI�UHGXFH�WDVNV�WR�]HUR��VLQFH�WKLV�LV�D�PDS�RQO\�MRE��,�DOVR�WXUQHG�RII
VSHFXODWLYH�H[HFXWLRQ�VR�GXSOLFDWH�WDVNV�ZRXOGQ¦W�ZULWH�WKH�VDPH�ILOHV��DOWKRXJK�WKH
DSSURDFK�GLVFXVVHG�LQ�£7DVN�VLGH�HIIHFW�ILOHV¤�RQ�SDJH�����ZRXOG�KDYH�ZRUNHG��WRR��
7KH�WDVN�WLPHRXW�ZDV�VHW�WR�D�KLJK�YDOXH�VR�WKDW�+DGRRS�GRHVQ¦W�NLOO�WDVNV�WKDW�DUH
WDNLQJ�D�ORQJ�WLPH��IRU�H[DPSOH��ZKHQ�XQDUFKLYLQJ�ILOHV�RU�FRS\LQJ�WR�+')6��ZKHQ�QR
SURJUHVV�LV�UHSRUWHG��

)LQDOO\��WKH�ILOHV�ZHUH�DUFKLYHG�RQ�6��E\�FRS\LQJ�WKHP�IURP�+')6�XVLQJ�GLVWFS�
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