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NOTES 

The programs described in this specification 
are supported by DEC when used on 12K or 
larger systems only. (References to 8K sys­
tems are for information purposes only.) 

The material in this specification, includ­
ing but not limited to construction times 
and operating speeds, is for information 
purposes only. All such material is sub­
ject to change without notice. Consequently, 
Digital Equipment Corporation makes no claims 
and shall not be liable for its accuracy. 

The detailed internal information contained 
herein is applicable for Version 4A of the 
compiler and Version 20A of the Object Time 
System only. ~ 
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1.0 OVERALL DESCRIPTION 

1.1 Usage 

PlGE 4 

FORTRAN IV i. a wa" ""own al~ebra1c ,angUaQ8 (o~.­
g4"a,'y designed bv BACKUS, at al) in eom~on use on 
moat currently available computers. It is described 
in the American Nationa' Standards Institute FORTRAN 
IV Languaga Spacification. 

POP-ll FORTRAN is a variant of ANSI Standard FORTRAN 
IVa. will be described 1n thia and associatad docu­
manti. 

The FORTRAN Como;ler is used in conJunction with the 
re~a1nder of the PDP-ll FORTRAN Svstem unde~ the 
~isk Monitor to allow use~. to writa and run c~o. 
gra~s on the PDP-tl. 

1.2 Market 

Potantia, users of FORTRAN are assumed to know FOR-. 
TRAN and to be able to use the POP-It nisk Monitor, 
FORTRAN allows the user to take advantage of the 
01.k Monitor and the associatad librAry without re­
Quiring knowledge of assembly language techniQues. 
POP-II FORTRAN is designed to be sa'eable in the 
sa",a market as the IBM 1130. 

1.3 OaliQn Phflosochv 

PDP-II FORTRAN runl unde~ t~e P~P-l1 041k Monitor, 
and wil' therefore reou4~e a system with at least 8K 
of COP'a, 

POP-II FORTRAN ; I ANS r FORTRAN IV compat i b le wit 1'1 
added faatuP'es to a"ow ",olt IBM 1130 FORTRAN Dro­
gra"" to run without change. 

The cOmo;ler is designed to be al heloful to the 
use~ as pO.lible in teP''''S of diagnostic capabi'ities 
and ocerating characteristics. 

1.4 References 

A. ANSI FORTRAN IV Language Spec., X3.9, 1966. 
B. FORTRAN ObJact Time Svste'" soec •• 130-311-002. 
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c. PDP-11 FORTRAN P~ogramm1"~ Ma"U81. 
o. Getti~g 0" the A1~ with FORTRAN • 
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2.0 HARDWARE ENVIRONMENT 

PAGE 

POP-11 FORTRAN ~U"I under t~e Disk ~o"ito~, w~ic~ 
~e~u1~e8 a ~ini~um of 8K of core, RF-l1, RC-l1, o~ 
RK.ll Disk, High Speed Reader/Punch o~ Dectape, and 
an ASR-J3 TELETYPE. FORTRAN will ~u~ 4n only thOle 
configurations sUDPorted by DOS. 

FORTRAN SUD~orta all standard Droduet line options 
wh4c~ are supported by the D;Sk Monitor(DOS). 

2.3 Future Consideration, 

o 

• 

T~e Iyste~ must be ~iQh'y modular to allow e~ten· 
s10nl in ~ardware confiauration to be made with ~4n-
1ma' effort. ~j 
At NO future time will FORTRAN be supoorted in a ea-
pe~ tape only eny;~onme"t. 
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3.0 SOfTWARE ENVIRON~ENT 
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fORTRAN ~ill ~eQu~re the PDP.11 Disk ~onito~. Unde~ 
no circu~stances will it ~un in t~e Paoer Taoe Sys. 
te~. 

The co~p;'e~ will output code suitable for assembly 
bv the Relocatable Assemble~~ 

3.1.2.1. Arithmetic Routines 

Each of t~e following is called using the POLISH 
call(saction 4.8) whiCh assumes that upon e"t~y to a 
routine, register R4 points to a location containing 
the addre.s of the ne-t routfne to be e~ecuted. 
Thus, R4 ~ust be oreserved by the routine and the 
ex1t from each routine is via a "JMP a(R4)+" which 
Jumps to the ne~t routine as wel, as advanc1ng the 
R4 pointer, This way, the compfl~r need on'y gene~· 
ate 8 list of addrelses fo~ mOlt a~ithmet;c eXDre.· 
sfon, Which is only slightly (apo~ex;~atelY 2-3X) 
slower than fn.11ne JSR ea" •• The resultinQ code 
ts usually between 5 and 15% sho~ter than the eQui· 
va'ent 1n-'1ne form. 

The value of each operand will be on the stack uoon 
entry to a routine. A routine returns with the va­
'ue of tne result on top of the stack (the oriq;na' 
oDe rands must be removed from the stack), 

The mode of t~e operands and the ~ode of the ~e.u't 
will be defined implicitly by entry into the rou· 
tine. 

The compiler will distinguish mode. by suffixfn~ one 
cha~acte~ to the sub~out1ne name. 

esP) 
(SP+N) 

LAST (SECOND) OPERAND 
FIRST OPERAND 
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The 

HIe 

suffix will 

SUFFIX 
B 
I 
L 
R 
D 
C 

A"Uh"'etic 

NAME 

SAD 

SSB 

SMI­

SOV 

SPw 

length 11"1 bvtes of eac~ ODe,.and. 

eSP) RESULT. 

"'ave the fo' lo~d"g sie,". ficancel 

OPERA~DS RESULT 
BYTE BYTE 
INTEGER I"ITEGER 
LOGICAL LOGICAL 
REAL REAL 
DOUBLE OOUALE 
COMPLEX COMPLEX 

Routi"es a"el 

FUNCTION 

ADO FIRST OPERAND TO SECONO 
OPERA~D 
SUBTRACT THE SECOND OPERAND 
FROM THE FIRST OPERAND 
~ULTtPLY THE FIRST OPERAND 
BY THE SECOND OPERANO 
DIVIDE THE FIRST OPEQAND 
BY THE SECOND OPERANO 
RAISE THE FIRST OPERAND 
TO THE POWER SPECIFIED BY THE 
SECOND OPERAND. 

8 

NOTEI SPW has a two c~a"acter suffix, t~e fi .. st 
describes the tvoe of t~e base, the seco"d desc,.fbes 
the e.ponent type. Byte mOde exponentiation is 
illegal. 

A, A,.ithmet4e IF tests wi" be perfo,.med by a set 
of routines whose ent,.v point "ames begi" with $TS 
with suffixes as desc,.ibed ;" section 3.1.2.1. The 
return wi"~ be to one of three locatio"s oointed to 
bv ~~e locat;o!"ls at (R4), (R4+2), a",d (Q4+4) fo,. ne­
gatiye, zero, and positiye, ,.esoectiYelv. 

On entrv: (SP) contains the ooera"d to be tested. 
After ,.etur",a t~e stack is clea". 

0 

o 

• 

,. 

B. Logical IF tests are oe,.fol"med by t~e routine c:> 
STRTST. Uoon e"t .. y, eSP) contei", the ooera"d to be 
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tested. U~o" ~etu~~ the stack is clea~. If the v.­
lue 0" to~ of t~e stack is Ze~o (fa'I.) co".t~o' •• 
t~al'lsfe~~ed to the add~ess specified at (R4), ot~e~-
wise co".t~ol wil' cOl'ltil'lue at t~e wo~d fo"owf".g 
(R4', 

3.1.2.3. Data Co"vers;o" ~outi"e •• 

The oDe~a"d 0" t~e stack i. co"ve~ted to the desti-
".atto". ",ode a"d replaces the sou~ee ooe~."d 0" the 
top of t~e St8C~. 

ROUTlt.JE OPERANO RESUl.TI~G MODE 

SeI eYTE INTEGE~ 
SBl. fWTE l.OGICAl. 
S8~ BYTE ~EAl. 
sso eYTE "OUBl.E 
SBC BYTE CO'"'PLEY 
SIB INTEGER BYTE 
SIL DEFAULT COt.JVERSIO~J 
SIR INTEGER REAl. 
SID INTEGER DOUBLE 
SIC INTEGER COMPLEY 
SLB LOGICAL RYTE 
SLI DEFAUl.T CONVERSION 
SL~ LOGICAL ~EAl. 
SLO LOGICAL OOUBl.E 
SLC l.O'HCAl COMPLEX 
SRS REAL RYTE 
SRI REAL INTEGER 
SRL REAL LOGICAL 
SRO REAL DOUBLE 
SRC REAL COMPLEX 
SOB DUUBLE. E'YTE 
SOl DOUBLE INTEGER 
SOL DOUBLE LOGICAL 
SD~ DOIJBLE REAL 
SOC DOUBLE C:OMPLE)( 
sca CO'1PLEX BYTE 
SCI r.O"1PLE): INTEGER 
SCL CO'1PLEX LOGICAL 
SCR CO"1PLEX REAL 
SCO CO·~PLf.X DOUBLE 
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3.1.2.4. I/O Routi~e~ 
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E a c j, I / 0 0 CI era t • 0,., ;" v 0 , II e S \a." in; t i a' ; z. t • 0 n C a , , , 
t~en on. o~ ~ore calls to t~a"s~it o~e o~ ~o~e list 
ya~.ables Cler call, the" a ca') to terminate the 1/0 
ooeratio.,. 

In;t4alize: 

SINFI,FOR~. READ 
SOUTFI,FORM. WRITE 

SI~I,U~FOR~. REAO 
SOUTI,U~FO~~. ~RITE 

SINRI,OISK REAO 
SOUTRI,DISK ~PITE 

eSP+2) 

ADDRESS OF 
OFVtCE NU~BER 

ADDRFSS OF 
OEVICF ~UM8ER 

ADDRESS OF 
DFVrCF. NU~afR 

esP) 

AOORESS OF 1ST 
CIoUR. OF FORM. 

ADI)RESS OF LOG. 
RF.'CORO tl,/UIo4BER 

T~e ENCODE 8"d DECODE ;,.,itializat;o" ea"s a~e simi­
liar to the a~ove for~s except tk~t tke names CAlled 
.~e SENCO and SnECD respectivelY and there are t~ree 
items 0" t"e stac~. Tke tee (SO) contains t~e Arrav 

o 

address scec;ffed, the seeo"d CSP+~) eo"taf"s the ( 
fer~at address, 8"d t~e last CSP+4) eo"tai"8 the ) 
e".~.cter ceunt. 

Each i"itfaliz8t;on cal' "as two tn·';"e carameters 
eorrespondin9 to the "E~D." ."d "E~R." ee"dftio"s. 
If either of tkese para~ete"s are zero, the condi­
tion ;s "et scecffied. If "en-zer~, t~ev a~e the 
address of the statement to be tra"sferred to for 
e.t"e~ end-01-f;1, or erro,. conditions rescective'v. 
This tra"sfer must be a POLISH mOde tra"sfer. 

SIOA - TR.~SMIT ARRAYS 
SlOB - TR.~SMIT BYTE LE~GTH ITEM 
SIOI - TRANSMIT SINGLF. wORe I~TEGER 00 LOGICAL 
SIOJ - T~A~S~IT T~O wnRn I~TEGEQ 
SIOR • TRANSMIT REAL 
SIOO - TRA~SMIT OaUHLE 
SIOC - T~ANSMIT COMPLfX 

O"e or more carAm~ters maV be tra~s~itted, eS P) co,,­
tains t~e "u~ber of parameters, (SP+2' • CSP+~) con­
ta.n the addresses of eac" data tte~. ~ote t~at a,1 
conseeutive items of t~e sa~e tv~e w4" be trans· 
ferred toqet~er. o 
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Fo~ arrey 1/0, all consecutive a~~aY. w.,l ~3ye 
t~eir AOB addresses ~us~ed on t~e staCk fOllowed by 
t~e numbe~ of arrays, A eall to 510A will then be 
made to cause t~e ar~ay transfer. T~e 01S may ~e­
ter~ine the data tyoe of th~ array by examining the 
AOBCsee section 3.1.2.6). 

Ter~~"atel 

SIOF, TER~I~ATE I/O LIST 

T~e GTS will ~a.nta;n e File/Device table (wh4c~ 
s~ould be ~od;f;eb'e bv t~p. user) w~iC~, a10n9 with 
ot~er functio"s, indicates fOr eaC" 'oQica' f41e 
~~et~er the first character;" a for~atted ~eco~d 
s~ould be tra"a~ittea l;terally or ah~uld be ;nter­
preted for orint control ourposes. 

~~en t~e table so i"dicetes, t~e vertica' spacing 
c~araeter s~ould be ;nter~ret~d and t~erefore con­
verted i"to an output strino as followS: 

V~rt, soac;ng c~ar. ~ean;ng substituted 

BLA~k SPACE ONE LINE <CR,LF> 
0 SPACl T~O LINES <CR,LF,LF> 
1 SPACE TO FlqST <CR,FF> 

Lt~F OF NEXT 
PAGE 

+ NO ADVA~CE <CP> 
S NO ADVA~CE <CP> 

T"e $ carr;aqp. control ~cts like e bl~n~ for t~e be­
g;nn;n~ of 'ine contro', but it ~3S t~e additiona' 
c~areeter;stic of forcing a <VT> for t~~ end of 'ine 
c~aracter ;n!tead of a <CP>, t"US 'eav;ng t~e ca~· 
riaae at the e~d of 'ine rat~er then at the left 
marcin_ T~;s ;5 useful w"en it ;s ~e8;red to ~ake 
teleprinter rp.soonses 0" t"e Same line as t~e auery. 

T"e ~on;tor ~rov;~es device ;ndepen~e"c~ as reQ.~ds 
the L;"e Printer and t~e T~LETYPE, t~erefore the 
s~~e substituted output strf~g 8Polie, to e;t"er 
dev 4ce. 
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T~e~e will be t~~ee subsc~iDt co~cutat;e" ~out1"es, 
o"e fo~ e.c~ of 1, 2, and J di~e"sionAl .~~8YS. T~e 
ea" to a subsc~;ot routi~e wi" ~ave as a sinQ'e 
in-'ine Da~.~ete~ an Ar~ay Desc~4Dto~ Qlock (gener­
ated bV t~e comDile~, and for .dJustable e~~ays, in­
itia'ized by t~e object code fts~lf', 8S we" al to 
t"e cu~~e"t inaex values on t~e stack. T"e sub­
seriDt ~outine will retu~n w;t~ t~e a~a~ess of the 
a.sired a~~ay ;te~ in Re. 

Tne A~ray Descr;ptor Bloc~ CADS) fo~mat il as fol-
10wsCsee f4Qu~e 1': 

WORD 0: ADOQESS OF THf FIRST ELEMENT ~F THE A~QAV. 

CADD~) 

wORD 1: BITS 15-14: NU~BER OF OIME~SIO~S 
BITS 13-11: DATA TyPE 
BITS 7-~: DATA ELfMF.~T SIZE I~ qVTES 

~ORO 2: NUMBER OF I~DFX ITE~S FOR T~E FIkST 
DIME~SIO~(AB~R.:A) 

INrHH') 3: NUMBEQ nF PJDE"X ITEMS FOR T"IE S~CO~~ 
DIMENSION 

(A&8Q.1 B) C P~ESE~JT FOR 2 Af\jD J Dt~F.:~'S, 

wORD 4: NUMAEP r'F I ~IDfX ITEMS FOR T~E: T"IIRD 
01 ~E~SIO~' 

A~QAVS) 

(At;~Q.IC) (PRESENT FOR 3 DP~ENS rO'JAL ARRAVS) 

T"e subsc~ict rout;"es may, ~;t~ t~e information 
sUDDlied, if des;~ed cMeck for r~fe~enees exce~di"Q 
the boundaries of t"e a~~ay. Tn;s;s cur~ent'y ef­
fected by 'D~c;fv;ng the /CKsw;tC" ~t comp;'e time 
wn;ch fo~ces calls to special bou~ds c~eckin~ rou­
tines to be generated i"stead of the 8ta"d.~d rou­
t;ne.(t~ege rout;~es a~e o~ef;xed 'S~X ;nstea~ of 
SSSS). 

o 

(J 

o 
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ROUTINE NAME SSBS3 SSBS2 SSBSI 
SSBX3 SSBX2 'SBXl 

eSP) ON ENTRy VAL OF 3RO VAL OF 2NO VAL OF 1ST 
INDEX(K) INOEX(J) INOEXCI) 

e5P+2) ON ENTRY VAL OF 2ND VAL OF tST 
INDEXCJ) INDEX(I) 

(SP+4) O~ ENTRY VAL OF 1ST 
INDEXeI) 

R" AFTER RET AODR+eU-O+ AODR+(CI-1)+ AOOR+ (1-1) 
CONTAINS THE A*eeJ-!)+B* A*(J-1»*StZE *SIZE 
AOORESSZ (K-1)).SIZE 

Add4tional discussion occurs in lection 8.0. 

A. ION 

The co~e;le oetioM to select One or two word in­
tegers is ION, W~en s@lected on t~e in~ut soecifi­
cation, it sets t~@ come4le mode to us. OMly 
oMe-word integers instead of t~e "ormal two, Note 
t~at two word integers as described here do not 1m­
~'y two ~ords of orec4B;O". 

B. ISU 

There 4s also a comoi'e ootion to Suonr.lS the se­
Quencfno generated for trace-back. W~en the switc~ 
ISU 4s soec1fied on t~e ;n~ut f1'e M8me, the se­
Quenc1na ;s suooressed from t~e source 11st1nQ and 
the object code. T~18 causes a savin~ of two words 
p@r statement, but eliminates the eom~re~ens1ve 
tracebaCk normally available, 

C. leI< 

T"e leI< switch may be soeciffed t~ foree t~e com­
piler to qenerate soecia' Calls for all subscript 
references to force run time array beundary cheek­
i"Q. T"is;s esoec4al1y useful wheM benchmarks are 
to be run or early debuQqino is to be performed, 
When t~e ICK switch 18 soee1f;ed, the eompile~ ge"­
erates cells to $SBX subscript ~outinel instead of 
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D. IER 
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The IER sw;tc~;s an optiona' switch, th,t w~en 
Icecified, flags "S" class er~ors. "$" errors a~e 
t~ose erro~s whic~ are not considered errors in nor­
ma' usege, but may under certain conrlit;ons be COn­
sidered to be errors, Fo~ instance, if the first 
statement of a program were "X.A", an e~ror would be 
issued te'li"~ the user t~at A "as ~ot bee" previ­
ously defined. 

E. ICO 

Tke norma' PDP-It FORTRAN continuation 'ine default 
is 5, If it ;s desired to allow other "an 5 contin­
uations in a particular compile, it 1s necessary to 
scecify the ICO:nn switch w"ere nn ;s a "u~be~ of 
linel between 0 and 99 whick ;s to be a"ow~d. Thus 
if one desfres to specify 19 continuetion lf~es, a 
ICOl19 should be tyced, Note t"at the reason for 
speCifying only a five l1ne default is to conserve 
co~e end t~at the space reouired in tke continuation 

o 

buffer 1s nn ti~es 72 bytes where "" is t~e number ( 
of cont;~uat;ons requfred. Also note that if YOU .. ) 
run out of space during a comoi'e, ~ut do not need 
any cont;~uat10"s, that a ICO:0 w;ll reduce the am-
ou~t of core used by 360 bytes, 

F. IGO 

If it is desired to immedfately e.ecute tke results 
of a compile, it;s only necessary to spec4fy t~e 
IGO switcn. When t~is switcn 1s scecified, the com­
pi,er when tne eu~re~t eo~p11e is done wi" automat­
;ca'ly invoke the li~ker to link the orogram, whick 
will in turn cause the program to be automatically 
executed. 

Note that the 8~1tehes above, once set, stay 
a" successive co~p;les. To clear e;th~r or 
the s~itches it is necessarY to reload or 
the comciler. 

G. ILl 

set for 
both of 
restart 

In the 12K co~piler, listing control is aChieved 
with tke I~I switch. This switch maY have a value 
from 0 to J. ILI:0 seecifies the ~;ni~8l listing, 
Which consists only of error d{agnostics and the 
block descriptor (sectio" 4.11). No '1st1nQ format­
tinQ fs done. I~I:1 is the default value. It scec-

• 

o 
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i1iel no~~al l1stinq fo~matt.nQ' SOu~ee lilting, and 
t~e block desc~1ptor to be listed. ILTI2 l~eeif1el 
tne above in addition to an assembly ,4stinQ. ILII3 
adds tne ~ssembler SYmbol tab'e listinc to tne 
above, thus giv;nQ all poss4ble 11st;ng output. The 
ILl option ~ust be specified every time it is need­
ed, or else tne listing will revert to the default 
value. 

H. lAS 

T~e 12K co~p;ler ~88 one add;t1ona' s~itch whie~ a'­
lows the assembler pass to be bypassed to a"ow the 
use~ to get t~e as.emble~ out~ut instead of the ob­
Ject output. When tne switch I.S i, spee;fied,he 
object file ,pec4fication defines t~e a.semb'er out­
put f41. and tne a.se~b'er oas, ;s avoided. The de­
fault extension for the f11e is also eha"~ed fro~ 
.OBJ to .PAL. Note that s;nce the 8~ co~P4'er does 
not have tne assemble~ interface, 4t works as 4f the 
lAS switch ;s always sP~c;f.ed. 

.n example of an compiler command specification nav­
ing all of thA above switches I~ee;f;ed might bel 

OUTPUT/AS,LIST/lI:1<INPUT/ON/SU/ER/CK/COI19/GO 

One minor point to be stressed 4s that if the lAS 
switch ;s IPec;fied, the ILl switch hal no ~eant"g 
for any values qreater tn8n one. 

The compile~ for 12K and la~ger hal several capab1,­
ities not included 1" the 8K co~P11er. First, the 
12K version will be capab'e of di~ect binary genera­
tion without reQuiring a sepa~8te assembly ~~oc.ss • 
Second, it wil' be capable Of co~p.'ing ~ult1o'e 
rout4nes 1~ a s;ngle input f4,e. It will also have 
neete~ ~age and listing contrOl. 

3.3 Fu~u~e Conside~ation' 

T~e compiler ~8S been desig"ed to be easily ~odif1-
able and/or extensible to a'low for futu~e c~a"oe. 
1" reQUf~emAnts. 



1'01'-11 FORTRAN, 130-3~9-0~i.0e 
Co"ve"t40nl and Standa~ds 

4.0 CONVENTIONS AND STANDARDS 

4.1 Labell inq 
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Routina or ~odule lab~ls ~8Y consist of OMe to s;~ 
cnaraeters a"d should, if possible, be self descrto­
t.ve. 

E~amplel the sy~bol "LPTINT" cou1d refer to aM in­
terruot address for a li"e oriMter routi"e. 

4.1.2 Object outout 'abel ling cOMve"tio"s 

A statement lebel generated bv tne co~p11er consists 
"0'18 "." followed by the sourCe state'llent label. 

Examplel Statement number 237 would generate an 
interna' label of .237 

A format label ;s similar but uses a "$" ;"stead of 
a"." • 

EXAMPLE: 510 

Other comoiler Qe"erated labels will consist of a 
"$" followed by a single alohabetic cnaraeter des­
cribing the label followed by 4 numeric digits, Tne 
following is a list of a"owed labels ("n"" refer to 
tne four nu~er1c d1Q;ts): 

stnnnn Integer or Log;cal eo"stent 
SRnnnn Rea' constant 
SOnnnn DOUble or Comole~ eonsta"t 

SFnnnn Internal locatio" labels (for examole, DO 10· 
00 terminatio" 'abel) 

To avoid confusion, t~e ge"eral registers wil, al­
ways be referred to as follows: 

0·1 .. \ 
\. . 
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REGISTERS 0-5 • R0-R5 
REGISTER 6 • SP 
REGISTER 1 • PC 

Ce,.tai" slOecia1 I"egilte,.. will be ,.e1e,."ed to ac· 
c~!"d.r'lg to tl'le follow4"QI 

STATUS REGISTER (LOC. 111116) • PS~ 
SWITCH REGISTER ('LOC • 111510) • SWR 

I" a FORTRAN co~p4'ed !"out4"_, no ,._~4Ite"l will 
ever be saved 01" restored UPOr'l cal1ing 0" being 
ca1led bv an exte","a' routine. It i. a.lumed t~at 
R5 is the subroutine ca1l ,.egister, RA is the 
threaded code poi"te!", an~ that R0-~3 may be used 
without p,.eJud1ee. 

4.3 Tl'le FORTRAN 4nte!"nal docum~ntatien wi" co",si.t 
of: 

A, ANSI FORTRAN IV SDeci f 4cat40n, X3.9, 1ge6. 
B. This rlocu",ent 
t. 3DecHicat40" for the Object 11 ",e SVltem, 

130-311-0012. 
D. Pert 4 "'er'lt and profuse comme"ts on the source 

11st.P'lQs, 

Ot"e,. associated rlocu~er'ltat.on include •• POP-II FOR­
TRAN PI"OQ!"ammi"9 Menuel, Gett1"9 0" the a1,. with 
FORTRAN • 

All oDerating co"ventfo"s and com,"e"d strings. etc. 
must COr'lfor", to thOle of th~ disk mOr'l~tor. 

4.5 1/0 

All inout aP'ld outout fo,. FORTRAN will be do"_ u.4nq 
the standard orov1110r'ls SUPlOl1ed by the Di.k Mon4-
to!". 
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4.6 Cha~acte~ Set/Codes 
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T~e characte~ let/codes for FO~TRAN will be co~­
plete1v co~~atfnle with the ANSI .SCII eonventio"s, 

The co~ptler will not conve~t lower ease to UDDer 
case, t~ough lower case ~ay be used o~ly in Holler­
ith constants and l;te~al st~.ngs, IlleQal 
non-printinQ c~aracters are Dr;nted al a c4rcu~f'e~ 
(up arrow) followed by tne alchabettc eQuivalant of 
the offend1n~ Character (e,g. 00t a AA), The OTS 
wil' allow al' ASCII characte~s to be t"Dut or out­
put under "Aft fo~~at. T~e CO~D1le~ ~ecogn.zes as 
meaningful on'y the .NSI stande~d eO~Diler inout 
c"aracte~s. 

FORTRAN callable subroutines and functions will obey 
the following object eode ca"ing conventions. 

~ll argument addresses wi', be olaced f" a '1st fol­
lowing the subD~oQra~ call. The 9tanrla~d seQuence 
wi " be: 

XXI 

.GLOBL 
JSR 
BR 
A 
B 
• 
• 
• z 

SUBR 
R5,SUBR 
XX 

Note: The even byte of the branch inst~uction fol-
10w1nQ the JSR contains the nu~ber of ~rqUments and 
is ~01nted to by R5 after the JSR is ~.ecuted. 

Subprograms are rasDonsible for not .lter1n9 the 
co"tentl of register R5 s4nce 4t is the Darameter 
Hat ~o4nter. 

o 

() 

.. 
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Tl-lil call is 
ple POLISH 
assumes that 
large number 

des;oned to take adV8"taoe of tMe sim­
method for evaluati"g expresl1o!"ls. It 
a tvo;cal p.xnressio" cOl"lsiltl of a 
of vp.rv sirnple ooerations done in a 14-

!"lear le~ue"ce. 

Tl-le i",ple"'entetio~ of this teeM"iQue ~8 descr4bed 
below makes several assumotionsl 

1. The first operation dOne 4n a POLISH se­
Quel"lCp. ;s invariablY a "pus,",". 

2. It is not necessary to olace breakpointsCas 
;1"1 ODT or DDT) 41"1 tMe ",4ddle of an arit"'met­
ic statem~nt. 

3. Soeed wi'l not suffer by assio"",ent of 8 re­
qiste r for speci.' purposes. 

Descript;on of this mode ;s bast done using a s4mole 
exe"'plel 

Tl-le statement A:B+C would generate code s4",4'ar to 
tl-le following (section 4.8,5 dascr;bes the entry in­
to POLISH mode). 

:THE V~RI~8LE B IS PUS~ED 
:ON THE: STACK 

$P~HH:'12 
$ADQ 

,EACH OPERAT!O~ CONSISTS OF THE 
ADDRESS OF THE ROUTINE TO 

$POPj,A 
f BE EXECUTED. A PUSH PLACES 
: A VALUE ON THE STACK, A POP 
: REMOVES A VALUE 

,+2 :THIS I.HJE WILL CMJSE POLISH MODE 
:TO BE EXITED, 
JAND NORMAL EXECUTION 
,RESUMED • 

T"'e SUbroutines called would be as fOllows: 

SP0002: 
SF0001: 

$PQP3: 

MQV _8+4,R0 ,GET THE ADDRESS OF B 
BR $F0001 ,JUMP Tn COMMON PUSH 
~OV ~C+4,R~ ,GET T~E ADDRESS OF C 
MOV -CR~),-(SP) ,PUSH 
MOV -CRP),.CSP) , TWO ~ORDSON STACK 
JMP '(R4). :JUMP TO NEXT ROUTINE 
MOV (R4)+,R3 :GET ADOqESS OF 

'VARIABLE DESTINATIO~ 
MOV (SP).,(R3)+ ,POP A VALUE 
MOV (SP)+,CR3). 1 TO THF VARIABLE 
J~P @(R4). ,GO TO NEXT ROUTINE 
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('ADR t. an OTS rout1~e to add two fleating ooint c:; 
numbers, See aection 3,1.2), 

Note t~at the JMP '(R4)+ Ju~~s to t~e next routine 
in the list as we" as incrementing R4 ever t~at 
item in the t~read, 

." .nte~na' functions are ca',ed ;n th4s manner and 
muat exit using a JMP '(R4)+ and must c'ea~ anv 
ateek .~ace uaed (exce~t for the retu~n value ~hfch 
is 1eft on tMe to~ of t~e stack). 

A', routines ex~lic.t'y cel'able ~y t~e user (;.e. 
~ lubroutine., externa' functions) are ca"ed using 
the PDP-11 subroutine ca";n~ conventionCseetion 
4.7). 

4.8.1 T~e following basic deCisions were ~adel 

1. R4 wi" be used as the th~e.ded code 00. 
inter. 

2 •• ,, code (including Integer arithmet4c) w4ll ~ 
be hAndled in POLISH mode exce~t for actua' ~J 
SUbroutine (and function) linka~e which wi" 
be executed in-l;ne. 

3. A majority of the serVice routines detailed 
herein can actually be made .GLOBL to the 
eom~11ation and henc~ occur on'y once 1n a 
core load erat~er than included 'n eac~ com­
~1led module). 

4. Any routines not exol;cft1y mentioned as be­
ing locally generated are assumed to be g10-
ba, to the program and available from the 
FORTRAN library (e.Q., • SMLF, etc.) 

4.8.2 On return from a subroutine or fu"ct4on the 
value is 1" R0, R0 and Rl, Or R0 thru R3. ,Service 
routines to move these to staCk arel 

SPSHR41 MOV R3,-eSP) ,PUS~ FOUR WORDS 
MOV R2,-(Sp) 

iPSHR2: MOV Rt,-eSP) ,PUS~ TWO WORDS 
,PSHR1: MOV R~,-(SP) ,PUSH ONE WO~O 

J~P '(R4)+ 0 
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4.8.3 Gett1nQ enri Dutt4nQ to t~e stack g4ven an ad­
dress w~;ch results fro~ subsc~.ot calculation 
D~oceeds as fol'ows: 

SGET41 MOV 60(0),·(SP) ,FOUR WORD CASE 
MOV 4(RIi'!),·(SP) 

$GET2: f>10V 2(R0),.(SP) ,TwO WORO CASE 
SGETll H!')\' 4IR0,·(SP) ,ONE \IIORD CASE 

JMP '(R4)+ 
SPUT41 MOV (SP).,(R0)+ 

~!')IJ (SP).,(R0). 
SPUT21 MOV (SP).,(R0)+ 
SPUTt: MOV (SP).,(R0). 

J'1P '(R4). 

4.8.4 E.olicit e.it from POLISH mode can be made 
wit~ a word eo"ta;n1"g t~e address of t~e fol1ow4MQ 
word, E.G •• 

••• ,IN POLISH MODE 
.WORD .+2 ,LEAVE POLISH MOOE 
••• ,CONTROL PASSES TO HERE 

4.8.5 Entrv to POLIS~ mode is made via a soec4.' 
routine 

SPOLSH: TST 

,JMP 

(SP)+ ,DELETE OLD VALUE OF 
,R4 PuS~ED ON E~TRY 
JAND WE'Rf. OFF" 

4.8.6 Finally we come to t~e ~and'inQ of forma' Dar­
ameters. T~e POLISH mode string is essent4ally the 
same. T~e service sections lOok '1ke t~e fo"owingl 

,A IS fLOATING 
SPNNNN:" MO~ N(R5),R0 ,GET THE ~DDRESS FROM 

,CALLING SE~UENeE wHERE "N" 
,DEPENDS ON pnSTTION IN 
,FORMAL PARAMETER LIST 

JMP 'GET2 ,NOW JUST LIKE REFORE 

T~e one word and four wo~d forms d4ffe~ only 4n 
w"1e~ SPuT. 1s 4nvo~ed, 
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SPOPP21 MOV 

ADD 
MOV 
JMP 

CR4)+,R0 

P5,R0 
'R~,R0 
SPUT2 
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,GET DISPLACEMENT OF 
rTHIS FORMAL IN CALL 
.ADDRESS OF ADDRESS 
,AODRESS OF PARAMETEq 
.STORE TWO W~RDS FQOM 
,STACK 

Similarly fo~ one and fou~ word data. ASI~g"~e"ts 
to fo~mals are like loca' a.s4g"~ents excect t"at 
t~e di.~laceme"t in t~e cal' Seauence to the actual 
.dd~es. must be g;ven to t~~ Se~v.ce ~out4ne instead 
of t~e actual base address. 

An Intege~ number is a 16-bit signed 
1" two word format, it is assigned 
onlY the hiq~ o~der word (4.e., t~e 
lower addres.) beinq sianificant. 

~ua"t4tY. When 
two wo~ds, w;t~ 
word with the 

T~e result of any operation w"ich woul~ exceed 16 
bits w;ll cause a d;aqnost;c to be issued bv the 
OTS. 

4.9.2 Raal format CFiQure 3) 

T"eRea' number format consists of two wo~ds of data 
as followsl 

~ORD N • ~IT 15 - SIG~ OF MANTISSA 
BITS 7-14 - BINARy EXCESS 128 EXPONENT 
BITS 0-6 - HIGH ORDER ~A~TtSSA 

WORD N+2 • BITS 0-15 - LOW ORDER ~ANTISSA 

T"1~ 18 a S;Qn-maqnftude format wit" h;na~y no~ma'i­
zatio", 

o 

• 

() 

T~is format 1s 'imited to norma'ized nu~be~s an~ t"e 
h40h order bit of the mantissa is always t, t"e~e­
fo~e t~;s bit is discarded 1n t~1s format givinq an 
effective preeis;on of 24 Rits. c:> 
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4.9.3 Double preeis;o" fo~mat (F.gu~e 3) 

wORD N • SAME AS 4.9.2 
WORD N+2 • SA~E AS 4,9,2 
~aRD ~+4 • LOWER OROER ~ANTISSA 
wnRD N+6 • LOWEST OqOER ~ANTISSA 

4.9.4 Co~ple~ format (F1~u~e ~) 

WORn NAND N+2 - REAL PA~T (FORMAT AS IN 4,9.2) 
~ORD N+4 ANO N+~ - IMAG PART (FORMAT AS I~ ~,9.2) 

4.9.5 Bvte format 

Eac~ data ite~ in t~is format is 8 bits lonQ. 
Logical, maski"g, and a~ith~etic ooeration, 8~e al­
lowed. 

Any arit"~et;e operation, done ;n byte mode ~u.t 
take into account the limited s1ze t~at anv value 
m~y ~ave. Th~ range of nu~ber, fro~ +127 to .128 
may be represented. Any ar;th~et1c operation' wi" 
be accomp';s~ed bv takinq bot~ B-bit ooerands, ex­
tending the sfgn to a full word, d01n~ t~e des1~ed 
ooeration, and then truncat4nQ thp re8u1t to 8 bits. 
No dia~no.tie wfll be issued fer overflow errors, 
T~e result of sue~ an ooeration, thUI, ;s a',owed to 
be at most 8 bits lonQ. Logical and ~a.k.n9 eoera­
tions will wo~k wit" the w"ole byte at 8 t1~e. 

A e~aracter strinQ is defined to be a strin~ 
'e"Qth ele~ents. The length of thil fo~~ 
limited to 255. If t~e string 'engt" 4s 
blank w;ll be appended to f111 out to a we~d 
rv. 

4.9.7 LOQical values 

of byte 
loin, be 
odd, a 
bounda-

A Logical value as represented by 
eQual to t"e inte~er value -1. 

,TqUE. wi', be 
A '"gfea' value as 
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re~~ese"ted by .FALSE. wil' be eauel to the inte~e~ 
value 0. 

4.11 Comei'er listino fo~met w.t~ summaries 

T"e fellow;"; ;s a s~ort eXAmcle showinQ the various 
kinds of information succlfed to t~e user by tne 
come;ler. This examele ;s comelete, including t~e 
neading as well as all other intormat.on suoelied in 
a "o~m.' comeile. 

FORTRAN V"04A 1~:26&05 

C LISTING SUMMARY EXAMPLE 
DIMENSION X(1~) 
COMMON X 
COMMON IABC/V(4) 
XCU=A(1.,2.) 
CALL B 
CALL EXIT 
END 

ROUTINES CALLEDS 
A , B , EXIT 

SWITCHES • ION,/C~,/SU 

L.ENGTH BLOCt( 
MAIN. 
.SSSS. 
ABC 

47 (00013~)* 
2~ C"00~5~) 
8 (0;10VJ20) 

**C:OMPILER -.--- CQRE** 
P",ASE 

DECLARATIVES 
~XECUTABLES 
ASSEMBLY 

USED FREE 
(110366 17853 
00458 17761 
11110899 20183 

Several items of interest are described above. 

PAGE 
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T~e ~eadi"g 14ne, w~ic" is Dr4nted at tke to~ of eve 
e~y Daga of the lfst;"Q, shows the ~ag~ nu~be~, the 
dete end t1~e of the eO~Dile and the ve~s40n numbe~ 
of the co~~i'er used, 

The lfst1"g p~oee~ follows, 

If subrout;"es or functions e~e ca"e~ hy the roue 
tine, they ere sum~a~1ze~ i~med4ately 8fte~ the end 
st.te~ent ;s D~ocessed. Th;s fs of 4"te~e.t mainly 
in larqe ~~OQrams whe~e there ~ay be lome confusion 
as to wh;c~ routines are ~eoui~ed by whet. 

The switch SU~~8~V describes whAt switChes were used 
in the co~p1'e, In this Da~tfculer •• a~Dle, the ION 
(o"e~wor~ integers), IC~ (arraY Dounds ckecki"q), 
and the ISU (suporess traceback) switches were let, 
A side note should be noted that the ISU switch also 
causes suopress;on of the seqUence nu~bers which ere 
no~ma"Y Drinted on the left ~arg1n of the listing, 

T"'e block summarydeseribes in decima' words a"d oc-
t a' bytes t"e 'enl1th of HIe co~~f'ed "rogra", and the 
'e"ot" of each CO"-1MON block used 1" the p~ogram. 

The DrOgra,," "a~e entry is flagged w4th an "*" f01-
10winq the entrY. A na"'e of MAIN. delcribes the 
ma;" DrOqra", name. A name of .$~$!, desc!'"ibes 
blank Com,,"on, 

The .,1nal section of th~ su~ma~y dete;'s how much 
storage was used bv eaeh of the t~ree ~ha.es of the 
compi'er in decima' words • 
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T~e tables used by t~e co~~i'e,., as d~se"4bed below, 
.re_ dy~amie.'lY allocated at t~e time t~e como~'er 
is first started (see figure a,. TMe orocedure is 
8S follows: 

1. Fi~d out the total amount of 5~ace used by 
tMe mon4tor a"d its buffers. 

2. Allocate t~e comoiler stack a~e~ immediately 
above t~e monitor 8~ea. 

J. Alloeate a ~i"imal symbol table Area abov~ 
the stack. 

A. Set uo the stateme"t buffer Just below the 
como.'er ove,.lay area. 

5. Set uo the CO~~ON/EQUIVALENCE t8ble. 

If a table overflow i~ the CO~MON/E~U!VALENCE table 
occurs it will exoand dow~w8rds. If a~ ove,.flow oc­
curs in the symbol ta~le occurs, 4t e~pa~ds uow8l"ds. 
An irrecoverable er~o" ocCUrs if t~ese two tables 
meet (SYMBOL TABLE OVf-RFLO~). 

After the exeeutahle stat~me~ts ~ave started, t~e 
COMMON/EQUIVALENCE table is no lo~qer ~eeded and it 
is disca,.ded, g4v;~q mo"e ,.oom tor the symbol table. 

5.1 Compiler DatA Structures 

Each 4~te~nal tab'e will i~;t;al'y he ass;qned a 
block of co~e sto"a~e. Each block ~i" be manaqed 
by its own set of special roulines. Overflow of a~v 
block w41l result in 8n aborted run. 

5.2 Ma4~ Symbol Table (Figure 5) 

Tne symbol table co~s;sts of a l;~ked chai~ of en­
tries ;~ free core, 

5.2.1 Entry format 

Bits 15=14 entry type: 
00 Date items, including 811 user ~n~ eo mpiler de­
fi~ed ve,.1ables and 14tp.r~1~. 
01 Statement fu~ct;oMs. 

.. 

.. 

o 



c 

c 

• 

() 

PDP-It FOQTRAN, lj0-309-0~1.0~ 
nata Structu,.es 

Bits 13-11 Data type: 
0Q10 Loo;ca'-' 
~"'1 Loo;cal-2 
~lf Inteqe" 
~11 Real 
100 Double p"ecisio" 
1"'1 Complex 
110 1010' 1 er4t~ 
ltl Ul"lass;q" .. d 

Bft 10 A~JustAble a,.ray flao 
B;t 9 Set if entry is P"ooram n8~e -
Bit 8 Consta"t bit 
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Bits 7-0 Length of data item 4" byte.(if Co"sta"t 
bit-ll 
P8r~mete,. 14st inrlex(1f co"stant b;t.~ 8"d 
paramete,.=1). 

wo,.d 1 

NOTE: T~;s indicator al"ld t~e paramete" indicator 
wi" "eve" both = 1 simultaneously, 

Bit 14 AdJust~ble array ;,.,dicator (-I if item de-
fines an adjustable ar,.ayl. _ 
Bit 13 Equ;valel"lce indicator (-I 4f item eppeared 4" 
an EQUIVALENCF. statement). 
Bit 12 Pa,.smete" ;"dicato,. (-1 if variable ;s a Da,.­
amete" to be accessed by indexed addre9s;"~ t~rouQh 
R5) • 

NOTE: T~;s indicato,. and the COMMON indicato,. wi', 
"ever botn • 1 s;multa"eously, 

Wo,.d 2: 
Bits 15-J ado,.ess of "ext symbol table entry. EQual 
to -1 if this 1, t~e last entry ;/"1 tMe table, 

wo,.d 3: 
Bits 15-~ 1st t~ree c~a,.eete,.s of svmbol ,.,a~e (RADIX 
5~) 

word 4: 
B;ts 15-a second th"ee chareete", of sy~bol "ama, 



PDP-It FO~TRAN, lJ~-j09.0~1.06 
Data Structures 

word 5 

Bit 15 Sinqle reference bit 
Bit 14 Ass;gn bit (use 1~ ASSlr,N state~ent) 
Bit 13 Exp1icit bit (explicit tvoi~g) 
a~t 12 - Usea in exoress;on bit 
8it 11 - Generate Pus~ flAg 
Bfts 10-9 D1~~nsion5 of item 
IH t 8 III Unused 
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Bits 7-0 - Common block sequence (position i~ com­
mor'! c!,air,) 

word 6: 

o -> not in C~MMON 
1 -> blan~ COMMON 

Bits 15·~ ADB poi~ter. Points.to t~e associated Ar­
rBV Descriotor 9lock ;f tnis ;tem i, di~ens;o~ed 
CI.E., 41 the dimension i~d1cBtol" ;s non-zero). The 
ADa occuoies space ;n t~e ~a.r'! svmbol table area. 
T~e pointer from t~e sV~bol table entrY to t~e ~OB 
;s relative to the start of tne ADB. 

o 

Addhfor'!al words - value of el'ltrv. (l 
Present o~'y if tMe c~nst~nt indieator is set. The P 
v~lue will be represented as t~e binary eQuivalent 
of the original s~ul"ee number, 01" a~ e strinq of AS-
CII bytes ter~tnated by at 'east one byte = 0 if the 
item ;s a ~olleritn constant. The len~tn of t~is 
f1e'd Cnot ;neludino oadded blanks ~r'!d termf~et;nq 
zeros) in bvtes is contained ;~ t~e d~te item le"at~ 
(seet;or'! 5.2.1.0). 

5.3 Co~~on Table. 

A s4~gle eont.gUOUS area will be used to aceo~od~te 
i ~ fo r"'at i on eo 11 ect eel from ·bot'" C O"'~Ot-..1 and EQlJI VA­
LENCE state,.,e~ts. Th;s area is allocated at the 
"ig~ end of me~o~v, below the cO"'~;'er. It qrows 
"down" toward t~e top of the sy,.,bol table. Afte~ 
t"e 'ast declarat;on statement is oroep-ssed it w;,1 
be ~ossible to oerform storage al1~cation for all 
va~iables involved in e;t"er CO~MON or EQUtVALE~CE 
whereupon t~e areA used can be recovere~ for other 
use bv t~e eo,.,~iler. 

~;t~in t~is area, COMMON wi1l use two data struc· 
tUres: 

5.3.1 CO~MON block hea~er 

4, 6 word ite,.,: 
Word 0 - L;nk to ne_t b10ck header (if any). 

o 



c 
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~orrl 1 - 1st tw~ char~cters of bloc~ ~8~e (ASCII), 
word 2 - 2~rl twn CMsracters of bloc~ ~8~e CASCII). 
~ord 3 - Last two char8ct~r9 of block neme (ASCII). 
Worn 4 - ~ ter~4~ator for n~~e. 
Word 5 - Link to COMMON bl~ek list. 

b.3.2 CO~~""ON bl oclc 1; st 

~ord "+1 • Link to ~ext qrouo 4n t~4s b'oe~ Cif 
a,w) , 
~ord n - Serial number of variabl~/array. 
• 
• 
• 
Worrl 1 - SeriAl nu~ber of variable/array. 
~ord 0 - Zero ter~;nator. 

Tn;s table ~aR an e~trv for eac n arraY defined in 
t~e sub~rogra~ be1nq compiled. Tne AnB is available 
to t~e eo~p;lP.r so that it ~av compute and fix array 
entry references when the subscripts are constants, 
and so t"At it ~ay reserve tne appropriate a~ount of 
~emory for e~c~ 9rrav during "END" proeess;nQ, The 
format of the comoile time end the object time AOSls 
are Mot the same. See a1so section 3.1.2.6 • 

Word 0: 
Link to next A08 relative to t~e base of the svmbol 
table (.~ if this ;s the last ADS). 

word 1 
Sfts 15-14 Number of df~e~s;ons ;n this array 
efts 13-11 nata type (see sp.ct;~n 5.2.1' 
BitS 7-~ size ;n hytes of 8 date element. 

wor('! ~: 
Number of index ite~s, first rli~e"sion 

word 3: 
Number of index ;te~s, 2nd Mimens;on 

Word 4: 
Number of ;~dex ite~s, 3rrl d;~e"sion 
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0.4.2 Words 4 and 3, or Just word 3, are oresent 
for 3 c;~ens10nel and for 2 d;~e"s;o"~l arrays, res­
pectively. If any d4~ens;on is adJustahle, t~e cor­
resoonc;nQ index item word w;l, contain a zero. 

5.5 Eau;valence 8lock 

A bloCk is created for p.ac~ qrOUp of ;tP.ms w~1c~ ~re 
e~u;valenced to eAC~ ot~er. Format ;s: 

word 1,2 - A two ~ord work ~rea for t~;s crouo 
~ord 3 • Link to next groyp (if any) 
word 3+N • Serial number of N-t~ item in this qrouo 
Word 4+N - Total offset (in bytes) of item ;n t~is 
group fro~ thp base of the items ~s d~f;ned. 

Word M • Zero terminator 

A 26(10) byte table which relates letters of the al­
phabet to the variable type-modes t~ be selected 
w~enever implicit mOde ass;qnment ;s called for. 

If the first character of a symbol has octa' repre­
sentation ~, the ~ntry at rplAtiv~ byte position ~-1 
contains t~e mode to be imnl;citlv used for t~at 

SYmbol. 

Created uoon orocessing of ~ DO state~p.nt (see sec· 
tion 7.2.21). 

0.7.1 Table format 

words ~,1 • Statement number of terminal statement 
;n RADIX 5~. 
Word 2 - Serial number of destination r~turn label 
word 3 - Pointer to control va~;eble gymbol tahle 
e~try 

~ord 4 • Po;~te~ to ;~;t;Al parAmp.ter symbol table 
e~try 

~ord 5 a Po;~ter to term;~a' Oa~ameter symbol tahle 
e~try 

~ord 6 - Poi~ter to steo value sy~bo' t~ble e~t~y 

o 

o 
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5.9 Stael( al"ld Table structures .i" e}(press;oP"l eVI!lua­
tio"" 

T~,.ee stac~s p}(ist for ev~luat;l"Ig arith~etic ~}(o,.es­

s;o"S. w4 is t~e o~e"ator stacl<, H~ is t~e mode 
staek, and SP (Po) is tloie final code stacl<. 

Items OM t~e P4 stack ~avp. t~e followirl~ format: 

Bits lb-8 - Goerator Value YD 
Bits 7-~ • noerator P~;or;ty 

OPERATOR VALUE ID PRIORITV 

.O~. 1 ~ 

.A~D. 2 1 

.NOT. 3 2 
.LT, 12 3 
.GT. 13 3 
• E (~ • 14 3 
,"./E. 15 3 
.LE. 16 3 
.GE. 17 j 

+ 4 4 - 5 4 

* 6 5 
I 7 5 

** 1 r. 
\' 0 

UNARy - 11 7 

Items on the R5 stack have the foll~wiM~ format: 

bit 15 • Zero 
Bits 14-12 • ~ode of SP item 
bits It-~ • pos;t;OM of item on SP stack rela­
tive to STKC~~T. 

~Or)E 

LOGICAL*1 
LOGICAL*2 
I'ITEGER 
~EAL 
DUUt;L.E 
CO~1PLE)( 

VALUE 
Ql 
1 
2 
3 
4 

5 
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Items o~ tMe SP stack a~e of t~e follow;nq fOr'm: 

8ft 15 - Zero 
Sits 14-12 • ~orle c~~~o~ flAq 
Bits 11-~ - Var;abl~ serial numhe~ 

Ooeratol"s .. 

B h 15 .. ("ln~ 
Bits 14-12 m ~01e cna~o~ 
Bit 11 -SVSP Flag 
Bit l~ - FU~C F1ao 
Bit Y - APRY Flag 
Bit 8 .. FNEND Flap 
Bits 7-0 Ocerator ID 

If SVSP c l, t~e f0110wina word contain~ the $F label 
required and the ID conta;n~ t~e tyee. 

If ARRY=l, the 10 contains the number of subser'iots 
fOl" the array cal' and the next word contains 
the ADS serial number. 

FUNC=l defines the start of a functiOn definition 
sub-moae. (b;ts 0-7 nave the oarAmeter' count, 
the second wo~a has tne depth, ~nd the thir'd 
word has th~ serial). 

FNENO=l turns off functio~ sub-mode 

Note t~at normal ~ode conversions must be checkpd 1n 
the ADS serial ~u~ber oointer when ARqY:l. 

The function para~eter lists nave the serial numbers 
of variables. 

If bits 15-12 are al, = 1 the p~r~met~,. ;s a 
SUbstitution 'abel. 

If FI\jEND=l, tl,e 10 COl"\tair"ls the numbel'" of bytes 
to POP from the stack. 

The exponentiation ooeratol'" has a secol"\~ word which 
contaf~s the type of the hase ;~ bits 14-12. 

0··.1\ 
",' 

• 
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All co~piler tin ;s den~ i~ fOr~atted A~CII t~rough 
the Disk ~o~;tor • 

6.2 Object T;~e IIO 

6.3 Diagnostic Out out 

A fOPTRAN source ~;a~~ost;c 101;1' consist. of t~e f01-
'o\oli~Q: 

[)(J(XX)(YXXXXX] 
E~POF< ZlZ 
Messaqe. 

I~~ed;ately fo"o~ing t~e line in er~or. 5 char­
acters (XXXXX) on either side of the eurrent ch~r­
aeter posit;o~ CY) wi" be ori~ted (~ith cont~o' 
Characters ;~teroreted ~lso' iMside the brackets, 
fo"owed by the error nu~ber CZ7.Z), and the text of 
the message (if aMY) corresoo~dinq to the error 
nu~ber as f~unc in the disk error directory. The 
message ~av be ~nv ASCII string les~ than 64 char­
acters 'o~~ and term;~aterl by a <CR,LF>. 

Al' error diaonostics wi,1 be printed On t~e source 
listing and 101;11 also bp olaced as co~me~ts in t~e 
object f;1e. 

Each error ~eSS3ge 101;'1 ~e prefixed by a single 
character describing the class of error. An "F" 
(Fatal) e~ror w;ll rlef;Mitely cause f~prooer exeeu­
tion, so execution should not be atte~pted. A "W" 
(~arn;n~) error maY cause ;~proper execution, but ;s 
generally discretionary. An "I" (Infor~ativel er~or 
shou,d not affect proara~ exeeution. T~e "5" er~or 
(issuea only if t~e I~P switCh wes set) fl~gs items 
which mi~~t te errors deoendi~Q o~ t~e context of 
the item. (Fo~ instance, m;;ed ~ode ~rithmet;c ;s 
noted US;~q ~S" e~rors.) 

E~ch error d~~gnostic is 1escrfbed in det~i' in Ap. 
pendix E of t~e F0RTRAN ~~~ual. 
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Ite~s ;~ele~e~ted f~~ 113~ eo~eat1bl.1tv a~e tag~ed 
"(1130)". 

7.1.1 La~guaoe excectinns and d;ffe~enee~ fro~ A~SI 
FORTRAN Iv. 

T~e fol1ow;ng a~e keyed to the corresco~d.no sp.ct;on 
nu~he~s in t~p. A~3I F~RTRA~ IV spec~fication. 

A TAB ~av oe used .~ ';~u of multiple scaces at tke 
start of a ';~e. If a nu~er;e characte~ +ol'ow~ t~e 
TAB, a cont1"uatia~ is asgu~ed. 

The oefau't ~u~ber of contfnuat;o"s ;s specified to 
be five. 4nv nu~ber f~om 0 to 99 may ~e o~tio"a"v 
be decla~ed et co~e;le t.;~e. 

Integers are 10 bft s;q"ed "u~bers. Th~v a~e "or­
mal'y sto~ec ;n a two word for~at w~ere t~p. f;~st 
word ;s the value a~d t~e seconri is a f;"er word. 
S1"Qle word integers ~av he selected as described in 
section 3.2. 

Real "umoe~s use ~ two word fo~~at as ~escr;oerl in 
section 4.9.2. 

Double erec;s.o~ uses e four worrl for~at(seet1o" 

4.9.3). 

Co~ole. uses ~ fou~ word formAt(sect;o" 4.9.4). 

Logical*1 is a seec;a' one ~vte format useable for 
alp~8~umer;c and limited arithmetic ~~nfeulatio"s. 

He. and octal con,ta"ts will be alloweo w;t~;~ DATA 
statements. Th~ fo~mats are: 

F~R A HEX CnN~TA~T(113~' 
FOR A~ OCTAL ~ONSTANT 

o 

• 

() 

o 
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~"e~e NN~N ;s t~e hex or ncta' value ~es~ectively, 
Note that ~ex values may Mot exceed FFFF aMd octal 
v81ues may ~ot exceed 177777, 

Octal co~staMts may also be s~eeif4ed a"yw~e~e 1,., a 
prooram bv aceeifving a " (dOUble auote) followed by 
from one to six oetAl digits Mot ~xceediMq 177777. 

AM alternate form of ~oller;t~ eOMstaMt is a striMq 
of cnaracters surrou~ded by si"'~le ~uotes. W1t~iM 
tne strinQ, two cOMsetut1ve s;Mal~ ~u~t~s deMote a 
siMa'e auote in tne strinq, 

<6,1> Ar;t~metie express;o,.,s 

GeMera' mixed mode exeress;oMs are a"owed w;t~ no 
~estr1ctions. 

Tne 'abe' list 4s ootioMal. A eom01,er d4aqMost1c 
wi"~ be suoplieo ;f the variable is also used 4M a" 
expression. 

<7.1.2.1.3> Computed GOTO 

W~e" t"e value ~f t~e express;" fa", outsi~e tne 
ranae of the su~pl;ed statemeMts, an object time er­
ror a;aqnost;e will be issued, 

<7.1.2,7> STOP ~ ~nd PAUSE ~, 

N may be a one to six diait octe' cnMstant (not 
la~oer than 177777). 

T"e value soecified wi" be typed on thp te'eor1Mter 
wloleM t he STOP or ~AIJSf ; s ellfecutect. 

<7.1.2.8> DO StetemeMt, 

IMteger var1a~les or COMstaMts may be used for the 
do oarameters(ltj~). 

<7.1,3> 1/0 State~ents. 

The follow;MQ stateme"ts 
random access 1/0 t~ 
d;sk(11J~). 

A) DEFINE FILF aC""l,l),v) 

are aoded 
a fixed or 

to facilitate 
moving "'ead 
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Set UP a file as follows: 

a • Logical U";t number (an integer constant from 1 
to 32767). Th;~ is t~e descriptor by w~ich t~e file 
;s reco~n1zed when a FINO, READ or WRITE;s execut­
ed. 

U - The letter "un which declares t~e t.le to be un­
formatted (e.o. - binary). No otker oesignation is 
legal. 

v - Associated va~iab'e nAme tp be used for t~e re­
cord oointe r • 

Position the disk "ea~ properly for record #b of 
file #a. Tk1s is a no-operation co~mand for disks 
as currentlY usee under DOS. "a" refer! to t~e SYm­
bolic file des;qnator Ann is deseribed in section 
CA) above. "h" i~ a si~ple Inte~er variable or con­
stant not qreater tnan 32767. 

C) READ (alb) list 
~~ITE (alb) 'ist 

Read or write the b-th record of f;'e ~. 
"b" are as descri~ed above, 

An 1/0 statement may OPtionally s~ec;fy End-of-file 
andlor error cond;tions as snOwn in t~f9 examole: 

~here END-10 specifies statement 10 for [nd-01-f11e 
process;nQ and ERR.2~ s~eeff;es state~e"t 2~ for er­
ror processin~. 

D) E~CODE (cnt,fmt,array) list 
DECODE (ent,fmt,arrav) list 

EnCOde or Decode Qcnt" characters fro~ Qarrav" usinQ 
the format "fmt". 

END- and/or ERR- condit;ons may be op~ionel1y soeei­
fied but have ~o ~ean;no and Wi" caUAe no aetions. 

o 

() 

• 

o 
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A't~r~ate for~s of Tyoe state~~nts ~av bp. as fol-
1 0 \01 S ( 11 3,~) : 

~YTE = LOGlr:AL*1 
I~TFGF~ ~ INTEGfR*2 
f<EAL ~ PEAL*4 
U,jUBLE = ~EAL*8 

A,., IMPLICIT type state~e,.,t is 81so ~"o\ole~. It 
c~uses al 1 va~;ab'e~ ~eo;,.,n;,.,q with SO~p. specified 
'ette~ to ce eo"'s;oered as a 1;ver'l tv~e, unless ex­
pI ic;tlv stateo otMerw;se. 

I~PLICIT ~EAL*4 (~-P,q) 
1'1 T F.: G E R "'1 ~ P 

Causes var;ah'e MqR to he an ;,.,teoer, \oI~;le all ot~­
er variables reo;nr'lino w;t~ ~-p a,.,d R a~e tr~~ted as 
rea I • 

I,1PLICIT ~~AL*4 (A-Y,n-z) 
I~PLICIT INTEGER*~ (I-N) 

The "n" (oct~') field s~ee;f;eat~or'l ;s allowed. 

The "T" (TAfl) snee;f;cat;oP"l is 8110I-Je'; • 

A,., alternate fo~~ of the ~ soecification ;s a strino 
of e~aracters sur~ounded by sinole ouotp.s • 

State~eP"lts ~ust occur ;n th~ or~er 9P~c;f;ed;,., the 
A~SI soec;f;cation exeent t~at all ~ATA state~eP"lts 

~ust occur after a" nthe r opclarative! exceot 
ASF's. 

A5F's must occur After all other ~e~larBt;ves and 
before a~v eXPcutables. 

The IMPLICIT ~tate~e,.,t, wMen useo, ~u~t be the first 
state~ent of ~nv rout;,.,e. It ~ay be oreced~d o~lY 
b v t '" e S J R R C l; T I ~; E 0 r F U~' C TIn ''oj 5 tat e "'" e P"I t • 
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A~y state~el"'tt ~el"'tp.~at;~q executable CaOe wil' also 
gel"'te~ate a prea~ble eol"'ts;st;nQ o~ t"~ 1 ;I"'te ~umbe~ 
(s@e seetio~ 4.1.2) ;1 any followed by: 

w"e~e ~l"'tn~~1"'t ;s t~e Mumer;e seouence ~f t~e state­
mel"'tt 41"'t t~e ~rograM. $SE~ ;s a cal' to t~e 
traee·bac~ ~8I"'to'er ~~;c~ keeps trAC~ nf ~he~e execu· 
t;OI"'t ;s occurr;~g w;t";1"'t t~e user p~oora~. If t"P 
ISU sw;tc h (sect;on 3.2.11 ;s soec;fieo th;s pream­
ble ;s not Qel"'terate1. 

SJSROUTI~E, FU~CTIQ~ State~ent~ 

T"'e SUBRJUTINE ~,.,d FU~jCTIM state~e~t'5 cause ;""ter­
I"'tal f'a~s ano counters to be set ~e~Cr;h;ng: 

A) The I"'tu~ber 0+ oara~eters 8""d t~e;r o~s;t;ol"'t 

8) Whether this ;s a fUl"'tct;on or a subraut;ne 
C) The rout;,.,p l"Ia~e al"'td tYpe 

A nOI"'t-fat~l o;ao~ost;e ;s g;Vel"'t ;f t"~ statemel"'tt ~~s 
a 1;l"'te n'-J",cer. 

.TITLE 

.CSf.CT 

.GLut3L 
JS~ 

.r.LOHL 

xXX 

XXX 
%4,$POL~H 

PJA ~~ , $ paL S H , $ c; E ~ 

w,",ere xxx ;s the ~ame of t~e rout;I"'tp.. A ~a;1"'t pro· 
gra'" ;s ,",al"'td1en ;~ the sa~e 18S"';01"'t, exceot t"'at t~e 
routi~e name is 1efinprl to ~e "~AIN.". T~e routine 
call $N4~ is a T~ace·Back funct;on hav;no four car­
al'l'leters, tl'le f;P'lAl two (Wj~~J'J~ and ,'vP-1"Q'o1'-A"q of wl'liclo, 
;s t"'e routi~~ na~e in ~ArI~50. If tlo,e ISU sw;tc~ 
;s specifie rl , t~e $SEr- o'o~al ;s delete,. 

A) Poutine nSl'l'le c~n"ot ~ave bee"" ~r~vtous'Y defined. 
B) Doesn't allow a line I"'tul'l'leer. 

o 
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Tke out~ut ~e~eraterl CO~9;stS 01 8 .GLO~L 10~ eve~v 
r'I~r'!"e dec1 arl!!d elftll!r~i'l1 IoII-I;C~ ;S r'lot a forrllal Oa~8r1le· 
ter. A flaCl ;s also set 4" t~e sVr'!"bol table ~ark;nQ 
tl-le e~trv ~s exte~nal'Y def;ned. 

7.2.3 CALI. 

.+2 

.r.V1HL 
J5~ 
b~ 

xl 
:<:2 

• 

xXX 
~5,)(X)( 

$ r; t.,j ~HJ 'J 

~~ere XXX ;5 t~e ~a~e of t~e subrout;~e to be called 
a~d Xl, x2, ••• XN a~e t~e arqu""p.nts of t~e 1 ist. 

In the case of eo~pou~d ~ara~ete~s, tl-le value 4s 
placed on t~~ stack a"d 4ts address ;~ ;"sertp.d ;n 
tlole list us;no tl-l(! rout;~p. ~SVSP. IlpOr'l retur"', tlole 
stack ;5 cleared ~;tlol a" ADD • 

CALL A8C (A,~+C,D) 

~P~~02 ,PUSH vALUE ~f B 
$Oe~~3 ,PUSH VALUE nF C 
s~ur; ,ADr T~E~ 

$3VSP,$F0~~1 :SAVF TH~ ADDRESS 
.+2 
.GLOBL 
JSR 
Be? 
A 

i F 0~ ~~ 1: ~, 

D 

A~C 

~"ABC 
.+1(\ 

A;)D #4,~6 

JS~ ~4,$POLSH 
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I" a m.'~ oro~r8m, a d;agnost4c;s ;~sued for any 
OCCUrre"ce of ~ETUR~. In a function suberoqram, 
eoce is a1so oenerate~ to elate the fu"~tion result 
;n R~-R3 before e~eeut;"q t~e ~~ET. 

7.2.6 GOTQ XYX 

~~ere XYX ;s thP. 5tat~m~nt numb~r ;n ~up.st;on ~n~ 

$TP ;9 a POLISH mooe Jumo. 

Example: 

G(1Tr) 237 

... aUlD GE:.'-4ERATE: 

$T"<,.237 

T~e computerl GOTO for~: 

cOII'IPiles as 

GOTe (1~,2~,3r),I 

:VAlUF. r.F I Tn ST~C~ 
: C 0 ~ P tl n. () G n T r ~ 0 I ITT ~~ e: 
:AN~ ~UM8e:R OF LA~ElS 

:FOLLO~FD ~y ALL nF 
:THE LABELS 
: J~ r~'JESTln"" 

T~e si~ole ~ss;oned Gore: 

GaTa J 

:VALUE OF J Tn STACK 
:~EPvtCE ROUTINE 

o 

() 

• 

o 



c 

c 

.. 

• 

() 

POP-i1 FORTRA~, 1l0·3?9·~~1-~6 
La,..gua~e 

Assigned GOTOs ~it" a list 

GOTD J,(10,20,30) 

co",o1le as 

;iP. J 
$TRAL 
.lid 
.20 
.31\1 
J 

7.2.6 ASSIGN 

,VALUE OF J TO STACK 
1 AS~IG~!f:D GOTn 
,LA~EL STRING 
:Tf;:R"'INATEO 
,P.Y A 
:7.Ej:lO 

ASSIG~ 15 TO J would qe"'e~ate 

if I ;s a local va~iahle o~ 

:iASP,.15,N 

PAGE 41 

;f I is a dum~y a~gument wit" a oeramete~ offse~ of 
"N". 
w~e'" this state~ent ;5 encou"te~ed, a flag ;s set to 
disallow using t~e va~4able assi~ned as a oa~ameter 
in a call state~ent(or fU!"lct;on call) and to disal­
low its use ;n arit"met;c calculations • 

7.2.7 CO~TINUE 

7.2.8 PAUSE XXX 

.(';LOBL $PALJSE 
~~AUSf,XXl( 

where XXX ;s thp. octal constant to be o~inted on t~e 
console. 
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7.2.9 STOP XXX 

.GLOBL $STOP 
$STOP,XXX 
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W~ere XXX ;s t~~ octa' eOMsta~t to be p~;Mted OM the 
co"so1e. 

7.2.10 FORMAT 

.1~: $TR,$FNNN~ 

$10: .ASCII A(XXX~)A 

.EVEN 
.$FNNNN: 

7.~.11 ENDFIU: 

I'oiOU'd ge"eretfq 

7.2.12 REV4INO 

.GLOBL 
$Pnnn,., 
~ENDfL 

SENDFl. 

As fn 7.2.11 exceot use th~ routi,.,e "'RWIND". 

7.2.13 BACKSPACE 

o 

() 

" 

• 

o 



o 

c 

o 
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7.2.14 ENO 
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Ge"e~8tes a "RETU~N" followed bv 811 eO"sta,.,ts, da­
ta, a"o var;ebles fo~ t~e ~out."'e followed by a .END 
state",ent. 

.I";LOSL $E:XTT 
Sr:;XIT 

7.2.15 TYPF stat8~ents 

T~e TYPE orocesso~ will ",ake sv~bol table e,.,t~1ea 
for eac~ var;able not al~eady i,., t~e sy~bo' tab'e, 
a"'d wi', set f;el~s ~ i"'d;cator~ as followSI 

~ATA TYPE 
DIHENSln~ (IF SPECIFIED BY PAPE~THE~ES) 
LENGTH OF ITE'-1 
ADJUSTA~Lf A~~AY (IF ~ VARIABLE APPEARS RET WEEN 
PAR E I~ THE SF: S ) 
SYMBOL 

7.2.16 DrME~SION state~ents 

T~is orocessor makes sy~bol table e,.,tries for e8c~ 
variable not alreadY in the sv~~ol table, a"d sets 
symbol table f;el~s as folloWS: 

DATA TYPE (IMPLICIT OFF IF ~OT ALREADv DEFINED) 
DIMf:'NSIO"l 
LENGTH OF DA1A tTEM (TMPLICIT IF NOT AL~EAOY nEFI~ED) 
ADJUSTABLE ARRAY 
SYMBOL 

T~e "END" oroeessor wi" out cut to the Assembler all 
t~e ADB's i,., objeet-time format (see section 
3.1.2.b) and will rese~ve s~aee for a11 arrays. 
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E8C~ 'ist ite~ ;s claceo ." t~e ~ain 9y~bol table 
(ff it is "ot a'~eady t~P.r~) 8"d, if a4 mensiO"S a~e 
scecif;ed, BPcrnc~iat~ AD9 items 8~e c~oduced (see 
section 7.2.1~). 

T~e deffn;tio"s will be m~~e via t~e ~z" oce~!tor i" 
PAL-ltR and wi', be ~e'ative to the hase of t~e ~o­
p~o~riately n8m~d CSECT. 

7.2.18.1 T~e gen~rAl for~ of the t1UtVALENCE state­
m~nt 1s: 

E~UIVALf~CE (Al(Il),A2CJ2) ••• AN{I~),(ql(Jl), ••• " ••• 

W~ere t~e "A" tpr~s are e~uiva'eneed to eac k other, 
t~e "8" te~~s are eQuivale"cp.d to eac~ othe~, etc. 

T~e "A" terms a~e array identifie~s o~ sin9lp. va~;­

ablest Fo~ a~rav ide"t;f4e~s the "I" ter~s a~e co~­
stant subscr;cts. The co~piler re~u;r~s the byte 
position of eac~ item in the ecu;va'ence 'ist, ~"d 
wi" the~eforp reolace the "I" term hv t~e eouiva­
lent "index value" of the item. T~e index value is 
t~e address of the it~m ~P.'at;ve to the start of the 
a~~ay is ce~puted just as at nbject time (s~e sec­
tio" 3.1.2.6). 

If a ter~ ;s a s;~cle variable, t~e I term will "ot 
acpea~ i~ th~ seurce, and t~P. co~Pi'er wi', take it 
to be ~. 

In What follows the svmhols I,ll, ••• , I~, 
1noicate "index values". we then dP.f.n~ t~p 
set" of AK: 

OFFSET AK = MAX(I~) - I~ 

etc., 
"off-

~~e~e 11, 12, ••• , 1M no~ denotp. the ;nrlex values of 
t~e ;te~s, we can the" say t~at: 

AK(l) IS EQUIVAtE~T TO AI (nF~SFTCAK») 

~~ere the sutscri~t I ~as bee~ c~0ge~ suc~ t~at 

IT=MAX(I~). T~;s crov;1es an eQuivS1e"ce betw~en 

o 

o 

o 



c 
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t~e start of pac~ array a~~ SO~~ relative byte DOI1-
t;o~ ~;t~~~ o~e Of t~e arraYS, ~a~elv t~e array AI. 

T~e actual p~u;vAle~c;n~ woul~ take ;~to accou~t t~e 
size of a~ p.~try ;~ AI. 

7.2.18.2 "'~e'" t"e co~pq!!r e~cou"te"l a~ EQIJI'VA­
LENCE state~e"t t~e follow;nq act~ons w~l' be t8ke~1 

A sv~hol tahle ~"trv will ~~ 10eate~ or co~structed 
for eac~ item in t~e str;~Q' and t~e ~ouivale~ce bit 
w;l' be set (~eet;o" 5.~.1.1). 

A~ "tou~v~lp~ce bloc~" for eac~ s~t Of e~u;vale~ced 
;te""s w; 11 t.P establ fsheti. T~e forP"!~t Of t~e eou1-
v81p.~ce block ;s 1ef;~erl 1" sect;o'"' 5.5. 

7.2.18.3 A~tpr t~e les~ ~eclerat;ve stete,."ent 4s 
encou'"'tere~, code will be oenerateo t~ reserve soace 
for al, e~u;va'e"ced variables. Al' eou~vale~ce 
c~a;~s ~;1' be resolverl by !'IIea""'s of t~e eouivalance 
bloCks, us~ng a'" alqoritn~ si~ilar to t~at described 
in Aroe'"', GAller and Grana"" "A"J ALGO~ITH~ FOQ EQUI­
VALENCE OECLA~ATIONS", AC~ COM~., V~L 4, ~O. 7. 

Processi~q of t~;q state,."e"t assu,."es t~at ,",0 co~­
tradictorY typ;n~ of t~e variables ;~ t~e statement 
wi" occur afterw~rjs. 

As w;t~ t~e DIMENSION a"d COM~O~ prOcessors, the 
var~ab'es ;n p.ae~ list ~ are entere~ into Sy,."bol 
table ;f they are not already t~ere (rp.fere~ces to 
array ele,."!!,,ts w;t~ f;~e1 suhscr;pts wi" cause 8~· 
r~vs to oe def4"'e~ w;t~ all d;~e~s;o~ sizes--1). I~ 
adoitio~, a te~porarY list w;l' ~e c~nstructed co~­
sist;"9 of oo;nte~s ;~te the sv~bo' table, o~e for 
eac~ Hst ;te"'. 

T~e co~sta~t rlata 101'o~;"o t~p slas~ will t~e" be 
metcreo to t~e '.st ;tp~s Ann "r;O;npd apcroor;ate-
1 v • 
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Come;1es as fol lows: 

$p.J :~~SH J 
iPUP2,I ~POP TO I 
lL: 

A "DO TA~L~" ~ntrv ~s cn~5trueted uoo" e"cou~teri"q 
the DO 5tate~pnt (see section 5.7), T~p "retur~ 
jumo" destination is the lahe l oenerate~ follow;no 
t~e ~OV above. If therp are Anv entries ~c!.ve (see 
section 5.7.1' ~n the Dr table, it is searched after 
the code for pach lAhe"erl st~tpm~nt is 9pner~te~. 
~~en a match between stAte~ent 1ebel ~nd terminal 
stateme"t 'ab~l oecurs, t~o possihilities exist~ 

1. T~e corresoonrl;~~ DO table entry ;5 not the 
'~st activp e~try ;n the table - in ~h;s CAse 
the 00'5 ar~ ~ot ~r~per'y ~ested, . 

2. The correscondi~Q en tanlp entrv ;s the l~st 
active entry ;n the table - ;~ this case the 
fol1o~ing code ;s qe~prated: 

7.2.21 IF 

iENDon,l,I,K,lL 
or 

$F~nDP,L,r,K,~l 

for nor~a' DO 1000s 

f~r '0 
ta;n;~g 

ameters 

1oo~~ con­
for~~1 oar-

The 10Qical express~o~ within t~e out~r oare~theses 
is evaluate~ an1 t~e rpsult is nassp~ to the OTS 
"'ooical IF" routine. If the exeression is "true" 
the conditional eranch or statement ;s ~xecuted. If 
"fa'se" the next FCRT~A~ statement ;s eveeuterl. 

o 

Th~ expre9s;o~ w;th;~ t~e outer parp.nt~psp.s;s eva- o· : 
1uated and the result is nassp.d to th~ OTg "arith-
~p.t;c IF" reut;~e. It retur~s ;ndireetly to o~~ of 
the three locations fo'lo~;"o the eal1~na se~u~nce. 
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Object code for ~~ADs a~~ ~~ITEs is ~~n~leo i~ ~ un­
ifo~~ ~4n~Pr, a~o is b~sed o~ the uSe Of 8~ "4~f­

tiB'ize" call, seve~al re~ds Or wr4tes to t~a~s~it 
l~st ;te~s to th~ rT~ ~outi"es, an~ ~n "f~~" cAll 
w~e" t~e list is jeolete1 (see sect40~ 3.1.2.4). 

T~e ~et~od fo~ oe~erat;ng code fo~ ~ tyoieal fo~~at­
teo read is given as an ewa~cle: 

A. Uoo~ e"eounte~i~g the first riQ~t oare"t~esis, 
the eo~ciler oene~ates t~e initialization call: 

)PS~,~ 

iPSH,~l~lo 

$INrI,~,~ 

6. If t~e ~evt ;te~ i~ t~e steteme~t is not a left 
~Arenthes.s, the eo~piler ~uts ~ ~ointer to each 
'ist ite~ ;~te thp' re4d calling se~uenee, unt;l a 
lp.ft oa~e~t~e~;s ~r end of ~tate~ent ;S found: 

$PS~,A 

$PSH,R 
!Ps~,2 

$IOR 

c. ~hen a left oarent~es;s is encou"~ered the com­
piler loo~s aheaa for the ;~p';ed D~ oara~eters, 
~p.nerates a 'abel for the DO return Jumo destination 
(~F~~12 ;" t~;s ewa~cle) and ~akes ~n ent~y in t~e 
DO teble for an ;~p';pd dO-looo. 

The CO oroceS90r is use~ to qenerate thp. 100e ini­
tial ;zat;on: 

D. lhe 1 ;st ;t~~s Are tnen ~As~e~ to the REA~ rou­
t4ne a5 ;~ part Q (evcept that a subscr;~ted ;te~ 

no~ aeeea~s 4n the 1 ;~t' 
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SFJ0V12: <CALL Tn ~UP.SCwtPT ::?O,JTI~f: FO~ XCI» 
$PSHAI ,PUSH REGTSTEQ "N STACK 
$p.l 

iIO? 

E. ~~eM t~e CO control v~riables arp e~cou,.,ter~d iM 
t~e list t~ey ar~ sc!n"'e~ over u,.,t;' a r;o~t o~reM­
t~es;s ;s fouMo. T~e r;q~t pare,.,t~es;s tr;o~ers a 
call to t"'e nc prec~sso" to Qen~r~t@" loopi,.,c ;,.,­
struct;ons from ;~for~at;oM on top of t~e ~O tahle 
S t ae Id 

F. Tlo!e;)1J loop f;nally falls t~,.~u,r, for tran'3"ds· 
sio'" 0+ t~e next 'ist ;te~r in tn;s case t~e"e are 
"'0 ~ore ite~s so t~e eo~o;'er ge,.,er~to.s COOP to to.r­
~i,.,ate t~e operatio,.,: 

lIOF 

~DEFIL,a,~,l'lI 

\oI~ere a, "', 1, 8,.,1 \i (H'P t"'e anriresses of tne orooer 
para"..eters. 

7 • 2 • 2 4 F I .~ [) (u' b' 

!PSf.',u 
$PS~,t­

~FU"D, ir..1, e 

T~e co""o,le r ~", ""a;,.,t~;~ A ta~'e fro· w~;c,., all 
I~o';e;t def;M;t;ons of variables are ""~oe (see sec­
tio'" 5.6). 

T~;s routi,.,e wi" a1just entries ;,., h~t'" t~p. ;~o';­
cit table anrl t~~ sy~bol table accor~;,.,g to t"'e ;n­
te,.,t of t"'e ;"'o1;eH st~tl!!'",eMt. 

o 



o 

• 
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~~e"" t~;s state~e~t ;s e"'eounte~ed t"e eo~p;le~ sets 
t"e e'ocle I)at~ ~\Ii;tCM, to t'-t'! te5teo ..,"e""eve~ 8"" "we­
cutac'e ;s ~nCountered ;n t~~ sou~ee orogra~ (an er­
ror) • 

~~e"" aojustable a~ray~ ~~e .. ,..eou""te~e~ .,.. TVPE, ~I­

ME~SIQ~ or CO~MnN st~te~e,..ts, t"e co~o4le~ ..,4" ge",,­
erate code to ;"";t;al;ze t"e a~~ay by ~~v;""n v~lues 
of t"e ~oor~o~i~tp. ~ar~~eters il"lto t"e object ti~e 

AI')~. T~e c~" ;s of t"~ fo~~: 

$ACJ,<AD~ AI')Dc.>,<PAR. T~DEX>,<lST ~I4>,<2~n 

rI~>,<3RD 1''1'''> 

Ar;t~~et;c Statpme,..t FUl"lctio,..s (ASF's) ~re co~~;'ed 
a5 stal"ld~r1 fu""ct;ons e.ee~t t"at t~~ e""try ""a~e ;s 
""'o""-.GLa~L.1I 

~out;""e arqu~~nt(s) Mave e""try tYee 0~ ~""~ a~e de­
s;g""ated oa~a~eters as in subrouti,..es o~ fu""ctio,..s • 

Delet.on of argu~ents consists of zer~;,..g tbe 
p~,.t of t~e sy~bol tahle ent~V. T~e soaee 
recla;~pj nor t~e e..,t~y u,..l;,..ked - ~ut ""0 

will ~atc~ t~e zero I"I~me. 

A variable le""gtM tab~e 0'" t"~ st8Ck ma1""t~i"'s 8 
table of co;nters to t~e SV~bol ta~lp. entries for 
t"e p8ra~eters. At t~e e"'d of tMe A5F co~oilat;o'" 
t";s allows Qo;",g b~c( ~""d 1e 1 et;,..g a~9ume,..t ""ames 
f~o~ t"e sv~bnl table. T~e toe of t~e st~ck co,..­
taf"'s t"e ""u~~e~ of argu~e,..ts. T~e "~xt N words a~e 
tke a~gu~e"ts (LIFO). 

TIoI~ str',JettJl"e of t~e co~c;'ed fu~ct:;O'" ;5 
fol1ows: 

bT~,$F,..",,~,.. 

ROU1!NE 

as 

~AM~: JSR \4,~pnLSH JR(1lITINE: TO ENTFR POLIS'" 
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[code fo~ ex~ress;ol'lJ 
SPOPkP'! 

QEGISrf~S 

7.2.29 E~C~O[, DECJDf 

PAGE 5~ 

rLFAVFS VAL:lf o~; STACK 
JMOVE VAL'JE INTO 

JE')(!T P'1L.tS~ 
:ExIT FUNCTION 
JTARGfT F~R B~ANC~ 

Object code for E~CUDE 8n1 DECaDE ;s ka~cle~ identi­
cally to ~EAD 81'1d ~~IT~, exceot tkat t~ree oa~a~e­

ters are ous~ec Ql'ld t~e rout;"'e~ callerl a~e ~E~CD 
8"'C $DECD resoect;velv. (See s~ct;~n 3.1.2.~.) 

o 

() 

• 

o 
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• 
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7.3 Ob1ect Time ~vstem Except;ons a~d Dfffere~ees 
F~om A~SI FORT~A~. 

T~e follow;~g F~RTR4~J l~brary rout;~e~ kave bee" ~d­
ded to t"e AN~l list (see t~e user's ~a"ual fO~ mo~e 
deta;led informat;o~)1 

1 • 
2. 
3. 

4. 
O. 
6. 

7. 
e. 
9. 

1~. 
11. 
12. 

OATE - returns t~p. current date. 
Tl~E - returns t~a current ti~e of dav, 
SS~TCH - returnR t~e contents of the switc~ 
reg;ste~. 

RAN - rAndom number generator fu~et;o". 
RA~DU - ra~dom number g~nerator sub~out;ne. 
SETFIL - modify default device tahle en­
tries. 
PDUMP • dumn core betWeen aceeified limits. 
EXIT - terminAte orogram, 
SETERP - ~od;fy default e~ror ~andlinq. 
TSTERR - test if an error has oecurred. 
LINK, RFTURN - ~verlav ~a~dl1nq. 
~UN - loarl And execute a~ot~er crogram• 

7.3.2 FORTAA~ ~verlavs 

7.3.3 Random access IIO 

A9 described in t~e Object Time System 8ceeifica­
t;o~, 13J-311-~~2 • 
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0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
01315 

T~e tollo~;~g is ~M exa~p'e of e F1RTRAN o~oq~a~ 
listing w~;c~ ;~c'urles t~e aSge~b'v '{sting. T~fs 
'.stf"9 ;s ~ot p.x~ct'v ';~e a nor~a' o~09~a~ l;stino 
because t~e "o~~a' ~aae ~ead{"qs ~ave bee" ~e~oved 
to reduce confusio", and ~ecause 1e,c~;pt;v~ com­
ments ~ave bep" ~dded to t~e esse~b'Y lfst;"q to 
describe -"at is 10ino on and w~Y • 

• 

C ASS~M3LY C~DE EXAMPLE 

It'J 

lc;,e 

OI~ENSIO~ XC1~),YClr) 
C ij,"\"1 0 ~l X 
E~ulvtLENCE (X,V) 
DATA A/l.J/,I,J/l,21 
ASF(Q):Q+l. 
0=1. 
aaD+1-A 
CaASFCB) 
.( t as Pi (C) 

(2:CA-(P**2-4.*A*C»)/C2.*A) 
~~ITE (1,1~J)A,8,(XCI),T=3,R) 
FvR'1AT C8FH'.3) 
IF (A.EQ.l.~)GO T1 10 
STOP 123 
E"-JD 

~OlJTINES CALLED: 
SIN 

SWITC~ES :I h.T 

BLOCK 
,..AI"'. 
.'S~$. 

LF/;jGTInI 
2~5 r~JJ632)* 
2l (i?~~~~5?) 

:C ASSEHRLV COnE EXA~PLE 
J OI~ENSlnN X(lJ),YC1~) 

• TIT L E ~ .\1 ~; • 
FnRT~AN V~~4A.~5 

~~0~~~t .CSECT 
.GLOBL. ~4IN. 

~H'J0~00 004467 "IAI'j.! JSR X4,$POLSH :E~TE~ ~aLISH MODE 
.GLOBL $~CLS~,$NA~ 

a00~0A ~0~0~~G $~A~,~,~,~5~~61,e5514' ,SET UP TRACE~AC~ LTN~AGE 
.GLCBL $SEQ 

, CO""rJO'" 'X 
, E1UlvALENCE (X,V) 

o 

(. " 
· J 

• 

o 
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DATA A/l.~/,I,J/l,21 
~~0~~~1 .CSECT .~$~$. 
~00~00Ix=,+~r0~0' 

~0~~5~'.=.+~~~n5~ 

Vl0r,~150 ' 
~~r(!~"~'Y 
A\?l0lIi,5kJ' • 
~1il12l~t6' 

000~16 0e.r;,~.H~i:lG 
ALLOCATIC'lI\ 

1:~~,['1'122 1;\ 

i~i00k:l22' • 
:;'00~2~ 14~2?~ 

?lVl~k:)2t-' • 
;;:'~OV!26'i 
:HH~~26' • 

1000026 ;'0~f01 
0~12!r:,3~ 11~0~:!V'~ 

.EvEN 

.CSECT 

.CSECT .~$$$. 

=Xt'i'0C'10r0 
=l(H~~CI-05~ 

.CSECT 

.GLC'lBL $TR 
$TR,$Fk1r01 

-. 
=A 
.~OPO ~1020~,~0~0~0 
=At?vH"0~4 --. 
=I 

c ·'0V'032 ' • 
,1eVl032 ' J 
000032'. 

= • 
=,1 

• 

• 

00~~320000~2 .~ORD 

;0 0 ~ p. 3 4'" 0 (' " I" ~ 
~0(~036' • 

~~H.H" 36 :~IiH~0 vH~ G 
~00042 ~04467 ~S~: 

0~0~46 ~1Z1?'454' 
000050 neO'.462' 

ilV'l01~4 '~~HH~0!0G 
000~56 ~0N~60' 
0khH'160 :':HH~2~5 
000~6' $FJ~0?: 

000066 

~HHL~7P' 

~kHJr.,74 

~0~10~ 

'10~462 I 

~et'l~HH.,r; 

~~'~000G 
00r,.a74' 

• • 

i<:' :lvhJ02 
o 
= .T + ~h' I? 0 ~ 4 
.EVEN 
.eSteT 

ASFCQ)a":'+l. 
$TR.$Fe!f'~2 

JSR X4,~pnL~H 
$P0[~ p~ 

$P0:"11 
.r.LOR.l 
lAOR 
• GLOBl 
;j.POPR3 
.+2 
RTS 

D=I • 

$pnPR3 

$ S E I.~ , ~ 0!? ",~ ~ 

$P vH'l , 
.r.LOBL ·5POPj 
$POP3,D 
R=Otl-A 
:bSE(~, t"Ic.H"C117 
$PvHH2 
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,9fT UP EQUIVALENCES 

:,JUMP A~OUND DA.TA 

:A HAS A VALUE OF 1.0 

:1 HAS A VALUE OF 1 

:J HAS A VALUE OF 2 

:JUMP AROUND THE ASF 
,ENTE~ POLISH ~OOE 
:PUSH Q 
,PUSH 1 

J ADI" 1 TO Q 

:POP THE' RESULT 
:EXIT P~L1SH MODE 
:RETURN Tn CALLER 

;TRACE8ACK SEQUENCE 6 

: G E: T 1 

: <;TI"IRF. IT IN D 

JTRACE"8ACK SEQUENCE 7 
JGET f') 
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000102 ~00506' 

000104 000000G 
000106 000000G 
00liU 10 ~00440' 

1i300112 1'100000G 
0~0114 ClI0P1000G , 
00012C'l 110~0"'II'G 
000124 ~0e12b' 
12100126 004067 
000132 01012'401 
000134 ~e0~24' 
00~136 0134467 

iD00142 00r.000G 
000144 ClI000C'l0G 

.1~ 
00015(:11 Vl0~"el0G.101 

~00154 C'l0r.156 , 
000156 ~04567 
000162 "00401 
00"'164 00"'~36t 
000166 004467 
00"'172 C'l00000G 
000174 0I00e!V!0r. 

r 
000200 0""Q!00ro(: 
ta00204 ~£0440' 
O00206 C'le051b' 
000210 ClI00546, 

000212 ~00~00G 
000214 000556' 
000216 000440' 

000220 t~0~ro0~G 
000222 ~00530' 
000224 00N~00G 
000226 00001il0G 
itH30230 "'00~~0G 
000232 ~~0570' 
000234 0O"'4410' 
000236 00~01210G 

$P0013 
.r;LOBL $H~ 
$I~ 

$AD~ 

$P0003 
.GL('tBl. $3HR 
$S~R 

$POPJ,B 
CIIIA5FCB) 
~SEQ,~~(il01Q! 

.+2 
J~R 
~R 

r.5,ASF 
• +C;!!0~H~"'4 

+3 
JSR %4,$POLSH 
.GLQBL $PSHR3 
$PSHR3 
$POP3,C 
Xl·~H":(C) 
$SE,~,~00011 

.GLOSL SHJ' 

.+2 
JSR 
!;;R 

+c 

X5,SIN 
.+0~'=H"~4 

,GET INTEGER 1 

.CONVERT TO REAL 
,ADO, 1 TO D 
,GET A 

;SURTRACT IT 
,~Tn.RE QESULT I~ B 

'TRACEBACK ~E~UENCE 6 
,EXIT POLISH MODE 
;CAlL ASF 
JW!T~ THE PARAMETER 
rB 
:P~-E~TER POLISH ~ODE 

,PUT RESULT ON STACK 
:PfSULT GOES TO C 

:TR~CEBACK SEQUENCE 9 

:EXIT PtJLISH 
JC,ALL SI'" 

• .1 S R % 4 , "P 0 L S H r ~ E - E N T f:: R P Q LIS H 
$PSHR3 ,PUT THE ~ESULT 
$POP3,Xl :IN Xl 
X2=(A-CA**2-4.*A*C»/(2.*A) 
$SEQ,~0~012 JTRACEBAC~ SE~UENCE 1~ 
$P0003 ;PUSH A 
$P~~14 JPU~H B 
~P0~20 :PUSH 2 
.GLOBl. $PwRI 
$P~RI 
$P0r;,21 
!P0~03 

.r.LOSL 
$~L.R 

.bP~W 15 
$"1LR 
$SBR 
SS8R 
$P0~22 
$P0fl03 
$~1LR 

.r,LOBL il)VR 

:SGUAqE 8 
rPUSH 4 
:PUSH A 

;MUL.TIPLY 
;PuSt-I C 
,MULTIPLV 
:SURTRACT 
;SU8TRACT 
,PUSH 2 
; PUSH .4 
1 MULTIPLY 

IT 
8**2 
FROM A 

• 

o 

• 

000240 ~0Q1000G 
0011'242 1iJ001U~0G , 

$I)VP :DIVIne: THE TWO f'ICPRE.SSIONSO $POP3,X2 JP~T THE RESULT IN X2 
WRITE (t,1~3)A,A,(X(I),r.3,8) 

000246 "'00000r. 

000252 00001110G 

$SEQ,~0~013 :TRACE8ACK SEQUFNCE 11 
.GL06L $PSH 
$PSH,S;I00~2 :ADDRESS OF UNIT NUMBER 
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013121256 0I~0!000G 

121121121262 ii'I~01300G 

121013270 0'130eVl0G 
0130274 0I0"'12It'lI2!G 
0"133121'" '-'00000G 

00031214 ril00000G 
1210031216 ~1306"'6' 

1210121310 "'12I0000G 
1210121314 
1210"'314 CH:l044b' 

12100316 0I000~eG 

013121322 ~000VJ0G 
1210121324 ~e0000G 
000330 "'12lfZl0e!13G 

~F0.?03: 

$PSH,~10\0 

.GLOBL $ClUTFI 
SOUTFJ 
$PSH,A 
$PSH,8 
$PSH,(i'l0(i'1~~2 

.GL08L $tOR 
$IO~ 
$Pk~~24 

."LOBL $POP2 
iPOP2,1 

$P0~0" 

.GL08L $58S1 

.bSBS1,$A~~~t 

.r,LOBL $PSHRl 
$PSHR1 
$ P S H , ~ ~ ? ~ ~11 
lIOR 
.GLOBL $EN[)DO 

PAGE 55 

,ADnRES~ 1F Fn~~AT 

:lNITIALIZE FOR~ATTED OUTPUT,~,~ 
JGE~ A~DRESS "F A 
JGET ADDRESS OF B 
:2 PARS. TO BE OUTPUT 

:OUTPiJT THE REAL PARAMETERS 
rPU$H 3 

: CO~1PtJTf SURSCRIPT ADORESS 

,PUT lITH ITEM ON STACK 
: Ot\.E PAIH,"1ETER 
J DO RE AL OUTP~H 

000332 C'l001300G $ END DO, $ I'H'Hi'l2 , I , $ I 01 ~ ~ ,l F V' 0 ~ 3 : T E ~ M. LOn P 

C' '-100344 013~1Z0~G 

:1ii10 

.GLOBL $IOF 
$tOF 
FnR'1AT (8F1V'1 •. ~) 
$SE~"H~~01" 
$TR,$F~,eQl4 

.ASCII (AF10.3) 

:1/0 TERMINATION 

013121346 "'00091~G.l~~: 
1211210352 0I01210~roG 
01210356 05121 $litl~ : 

12100366 $F~004: , 
000366 ~00e.0I0G 
000372 tJl0!Z144~' 
12100374 ;;,!~0462' 

• 0121121376 ~00000G 

000400 ~~'0000G 

13012141212 ~13Ql0130G 

1210~404 ~itl0412' 
121012141216 filI2I0000G 
01210410 0113015121' 
131210412 $F0;h~5 : 

J 
00121412 "'eOl~0eG 

0e10416 C1~0NH)G 

0004201 061 
010",423 1000 

• , 

,EVEN 

IF (A.E~.1.0)GO T~ 1~ 
$~EQ,rvH'015 
$P0!103 
$P0~11 

.GLOBL $C~R 
$CMR 
.GLOBL $F.r.J 
$EQ 
.GLOBl $TRTST 
STRTST 
$F0:1~5 

$TR 
.10 

STOP 123 
$SEQ, (t'IilNH6 
"GL08L $5rnp 
$srOp 
.ASCII 123 
.RYTE vl 
.EVEN 
E '~D 

:TRACERACK SE~UENCE 12 
:SKIP AROUND FORMAT 
:ASCII FORMAT STRING 

:TR~CEBACK SE~UFNCE 13 
:PU~H A 
,PUSH 1.0 

:COMPARE THE Twn 

,00 E~UALITV CHECK 

,SKIP 
:IF FALSE 
:GO Tn STATEMENT 10 

JTERMINATE PROGRAM 
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0~0424 ~011'0"'0 I SAlJ'J01 : +x ,AD~ FOR ARRAY )( 

00"'426 ~540~4 ~54iil0.d 

iZl0"'43e' 'Zl0falO 1 C! tllM:1012 
00"'432 i?l12!0000'$A~(!!0:?: +y ,AD~ FO~ AR~AY Y 
000434 Vl54004 054""A 
00043fi r,'~"'012 i,?I~lih112 
00d.d4'" ~127"'12I $P00fJ3z MOV A+4,X0 ,PUSH ROUTINE FOR A 
000d44 ;;"00467 !;Q $FNH~6 
~010446 ~~16746 $P0':'''d: Mr)y 1,-(%6) ,PU~H ROUTI"JE FOR I 
0¥'10452 !~0~ 1.34 J~P '-CX4)+ 
0~0454 (A1650~ iPJ~"lPl: MOV 0,10(111{}2 (X5), ~0 ;PUSH A~F PARAMETER 
2100460 ~~01iJ457 a~ $F0~H'6-4 
1d010462 "11270~ SP0~111 MOV $ R 0'10 0 1 + 4', X a ,PUSH RnUTINE FOR 1.0 
00046f) ~00456 tJR $F0'h16 
00047'" ~HC"I200 :iRI3?101: 04"2160 
"~0472 1~0"'0"'k" ~:ilihHH" 
1300474 012700 SP:i)i!'I:?: MOV D+4,%0 ,PUSH ROUTINE FOR 0 
0~12!50~ c,~"'451 8Q $f~NlI6 
~01()502 ?J00k)00 0: 1c1,~ 

1301d506 vl12746 lPt'lfi'13: MI')V i/l~fi'~"'l,-(X~) ,PUSH ROUTI~E FO.., 1 
id0051t? "'00134 J~1P 0(X 4 )+ 
li'00514 012100"1 $I0~02: ~MH"1.11 
000516 012700 $P0!'l14: Mev f~+4,X'" ,PUSH ROUTINE FOR B () 000522 ~'&rZ4412! Es~ !FN'1iI6 
13"'0524 000~HH~ 8: 21,0 
00!cl530 ~12700 $P01111fi: MOV C+4,Xe ,PUSH ROUTINE FOR C 
000534 el0"'433 ~~ $f0~06 
001d536 \'IP!0(21~0 c: 0,0 
0011'542 ~0pt001t!1 Xl: 10,0 
tO~0546 "12746 $P01i12C'1: M"V (l"V'lptCi'l2, - (~6) ,PUSH ROUTINE FOR 2 
000552 ~0P1134 J'1P 'C%4)+ 
0~0554 ~000~2 $I""~~3: ItH0C10? 
0005f)6 iH27~0 iP",h121 : MOV $Rii1I0"'3+4,X~ ,PUSH ROUTINE FOR 4 
~00562 ~00420 8~ $F0t"06 
000564 ;~4~tH~1i:l $~"~03: id40600 
"HHo566 ~00~00 ~H10~00 

~"057" 012700 !P0!1!22: MOV $RQl005+4,X~ ,PU~H ROUTINE FOR 2 
000574 ~~0413 8Q !F0!1!06 
~Ie1VJ576 i'I,cH~4()!0 $R0~051 id4i040V1 
~0060(i1 til0~~01Zl 0:,'~~0V1 

~0t3602 t'(i ({l[o 0 13 X2: 1J,0 
IIJlf'i060t; 0112746 ~PI3~24: ~'OV (l~H'I0V!3, - (~t;) ,PUSH ROUTINE FOR 3 
~~0612 "100134 J i1P (leX4)+ 
a00614 ~0000J i HPHIJ5: ~.H~0(~03 

0~0616 ~00010 ilid0es: ~F'0('I~ 
0"062'" ~627Cl1rd ADD A,X~ ;PUSH SERVICE ROUTINE 
000624 i~14046 $F0206: M'lV ·CU!) ,.C~6) 
000626 f'lI14~46 M!1\1 -CX"),.CXfo) 

0 fd0063t'l ~"[;I'" 134 J~P '(X4)+ 
• ':;LOBL $IIJRTTE rTIO 
.GLnBL $DCO ,LINKAGE 
.GLOBL $OTSV ,GLOBALS 

~(i.H1~~~ , .END MAIN. 
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A - 0Q.10022R 
C 000536R 
J • 000032R 
)( - 000000R 
Y • 000"0"R 
SA0002 000A32R 

• SOVR - 0121,,000 G 
IF0"01 000036R 
""0"4 "I2I0366R 

• SIOF • 000000 G 
SI0002 000514R 
110006 000616R 
SOTSV a 000000 G 
SPOPR3- 000000 G 
IPSM • 0"0000 G 
IPWRI • """0000 G 
IP"01" 000454R 
IP"013 000506R 
IP0020 000S46R 
IP0024 01210606R 
IR0005 0"'0576R 
SSEQ • 00000121 G o .. ITRTSTa 000000-G 
~l0 00121150R 

**COMPIlER 

ASF i21~0042R 
o 0~05"'2R 
MAIN, 12HHH''10I21RG 

002 Xl 0~0542R 
01212 SAOR • 000000 G 

SCMR • 0~0000 G 
SEt'mOO. 000000 G 
SF012102 0000l62R 
SF0005 0~0412R 
SIOR • 0~0000 G 
SI0003 12100554R 
S~lR • 00001210 G 
SOUTFI. 121'110000 G 
SPOP2 • 000000 G 
SPSHRI- 000000 G 
SP0003 0~0440R 
SP0011 0~0462R 
$P0014 0V10516R 
SP0021 000556R 
SR0001 000470R 
SSBR • 000000 G 
SSTOP - 000000 G 
SWRITE- 0~0000 G 
• 1':;)0 0~0346R 

-.--. CORE*. 
PHASE 

OECLARATIVES 
EXECUTABL.ES 
ASSEMBL.V 

USED FREE 
00366 17653 
00620 17599 
01114 199/58 

o 

R 0~0524R 

I - 000026R 
SIN • 121121012100 G 
X2 12I~0602R 
!A0Q101 000424R 
SDCO - 0~121000 G 
SEQ • 00000'" G 
SFI2I003 0~Hll14R 
SF0006 000624R 
SIR • 030001'.1 G 
51011105 0rl10614R 
SNAM • 0~0000 G 
SPOLS .... 0fi1000OJ G 
SPOP3 • 000000.1 G 
SPSHRl- 00012100 G 
$P0Q104 ~~0446R 

$P0012 14~0474R 
SP09115 0i2105391R 
SP0022 000570R 
SR0003 000564R 
!SBS1 :I 0~0OJ00 G 
STR I: 13010001'.1 G 
S100 000356R 
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8.0 COMMAND LANGUAGE AND STRUCTURE 
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T~e com~aMd input to t~e come11e~ hapcens as 
follows: 

Ucon typing t~e comme"d RU FORTRN, the co~pi1e~ il 
loaded and t~e compiler will type itl name fOllowed 
by two seaces followed by the comPiler ve~lion 
number. 0" the next 11"e a • il tvp~d to s1QMifv 
that FORTRAN 18 ready to accect command input. 

OBJECT-FILE,LIST-FILE<INPUT-FILE 

T~e object 11'e is the ~ain compiler output 1f'e, 
The 10rmat 01 the 111e may be of one of two dtffer­
ent tvpes. If the lAS switch is specified as pa~t 
of tha fi'e specification, the output wfl' be an AS­
CII f11e suitable for assembly by the assemb'e~, If 
the switch is not speciffed, the out out wi"~ be ob­
Ject output suitable for ';nk1nQ, The default ex­
tenlion fs .OBJ, unless the lAS switch i. specified 
which hes a .PAL default extensio". If more t~a" 
one FORTRAN routine was 1n the ;nDut 1;'e, the ob­
Ject fi'e wi" contain an equivalent numbe~ of ob­
Ject routines and must be linked using t~e linker's 
ICC sw1tc~. Note that ;f lAS ;8 specified, o"'y the 
first FORTRAN source routine in the 11'e wi" be 
compi'ed, any additional routinel wi" be ignored, 
Th;s 1s done because the assembler wi" not take 
co"catenated sources as input. 

The '1st file ;s used 10r the source ,;st;nQ, object 
lfst;ng, symbol table 'fstinQ, and error diagnostics 
i1 a"v. The listinQ content may be made as eomp~e­
nenstve as desired bv use 01 the ILY swite~ (12K 
comei'er onlv), T~e switch s~ould be seectf4ed with 
a value f~om 0 to 3, S~ecifv;nQ ILlz~ will give the 
m1n;~el listing wn;ch co~ststs on'y 01 any er~or dt­
aq~o.t;cs which occur a"d the block delcr;~tor (sec­
tion 4.11) wh;ch describes the proqram and commo" 
block s1zea, The ILI.t switCh 1s the default OP­
tion. This supplies e source l;sti~g wtth e~ro~ d4-
aq"ostics a"d t~e bloc~ descr;pto~. The ILII2 
switch is used ;f the assembly 11st;n~ fs desired in 
addition. Spec1fy.~g IlI:3 gives a 'tlting eonte1~. 
;"Q everyth;nq above plus the complete assembly sym­
bol tab'e l1ati"g. 

The ;"put f;le ~ay co"ta;" one or more FORTRAN pro­
grams which are to be compi'ed. Nete that ff the 
lAS 8witch 11 set on the object file (or 4f the com-

01> 
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e41.~ is the AK ve~s.on) ·t~at a1' p~Oe~ams afte~ t~e 
fi~st will be iQ"ored. Unde~ norma' circumstances. 
howeve~, al, ~outines in the ffle wi" be comeiled. 
See lection 3.2.1 for a ~ore co~c'ete descrfct10n of 
sw.tc~ ~and'in9. . 

Ueon the comc'et;on of como;11 n9 a file, FORTRAN 
will, if t~ere ~re a"v errors, ty~e t~e error count, 
and then return to t~e com~a"d ~andler a"d again 
type t~e # s4g" to s;gnifv that it is ready to sta~t 
a"othe~ compile. 

~he~ us1nQ the lAS and ILl switch~s, it is necessary 
to leecifv the sw1tc~ each time tMe user tvees in a 
command. de warned thoug~, that .11 ~nout switches, 
once set, stay set u"ti' t~e compi'er is e1the~ REs­
tarted or reloaded. This occurs in t~is fashion be­
cayse it is assumed that the use~ wil, orobably co~­
cf,e al' crog~ams in a o1ve" ru~ with t~e lame code 
ge"e~atfon features selected. 
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This .s descr4bed ~~ detai' 1~ t~e "Gettt~g 0" the 
A4r w4th FORT~AN" docume"t, 

o 
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10.0 PHYSICAL DESCRIPTION AND ORGA~IZATION 

ASCi - T~1s routine is t~e control routine for CALL 
state~ents and arit~met1c assignment statements. 
If it is a CALL statement, entrY is made at 10. 
cat1o" CALL. The f1~st t~in~ done 1s to Qener­
ate t~e 'abel, if any 1s needed. T~e" t~e roue 
t1~e name is obtained via a eal, to GET. Onee 
t~e routine name ;s obtained and e~ecked fo~ le­
gality, a call is ~ede to FU~000 (in EVALU) and 
t~e remainder of t~e statement is evaluated as 
if it were a function ca" Cw~.c~ it is, sort 
of). Upo~ ~eturn from t~1s eva'yation, EXPGEN 
(a'so 1" EVALU) is cal,p.d to ~e"e~ate t~e actual 
cooe from the Polish str1n~ w~1c~ FlIN000 olaced 
on the stack, When EXPGEN is fi"is~ed, t~e 
stack 1s cleared, end of11"e ter~1nation is 
c~ecked, and a return is made to the ea111nq 
routine. 

O~ t~e other ~and, if an entrY is m8de to ASGN, 
it is assumea that en assignment !t~tement is in 
the offin~. T~1s routine first c~eeks for the 
existence of a left part term.n8ted by a"." 
sign_ If this exists SUBE~P (in EVALU) is 
ca"ed to convert the riq"t part of the expres· 
s10n to Po11s~. Note that 1f it 4s eve~ desired 
to allow multiple ass;onme~ts, t~e eode for the 
preliminary part should be olaced 1m~ed1atelY 
preceding t~;s call. Upon return f~om t~is rou­
tine, EXPGEN ;s ca"ed to ge~erate the actua' 
Polish code itself and t~en the staek is cleared 
as usual. If at this point, the line terminator 
;s zero, the processor resets t~e line DoiMter 
to tMe start and proceeds to ~eMerate t~e neees­
lary code for t~e 1eft Part of the eXoress;on, 
making speci., exee~tion9 of course for sub­
scripted refereMces. After t~e left cart is 
com~lete, a nor~a' exit is taken_ Note that the 
assignment processor never takes t~e ~onrecogn;· 
tion exit t~at t~e ot~er Processo~s are a"owed 
to use Since if ;t isn't an assignment, it caM't 
be aMvt~;"g e'se! 

ASC2 • T";s routine is used by ASCl and 00. It 4s 
used only to generAte the co~~on POP code w"4c~ 
is reouired in t~e s;~p'e case assignment and 
t~e DO setup_ Tnis routine does a11 necessary 
c~eckinq for parameter forms 4"subrout.~es. 
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ASF - T~;s ~out'ne handles all A~.t~~etic St.teme~t c:» 
Functions, Upon co~~let.on of ot~e~ decla~a-
t.yes, t~.s rout4ne wi" be called a~d will ~e. 
tatn control until 8" ASF's ~aye bee~ D~o-
cessed, When ASF fs entered, t"e f.~st function 
it perfor~s is to deter~ine the va'idity of the 
ltne as an ASF, in ot~er wo~ds, does t"e entity 
on t~e 'eft stde of t~e • sign cOnstst of a p~e-
vfously u~declared name wit" one o~ more pa~a~e-
ters, If t~is criterfon fs ~et, t"e 4SF p~o-
cess;ng ,. inVOked, T~e routine first sets UD 
du~~y parameters for the use of t~e function 
w~fc~ will not conflict with 'ater usagel in t"e 
co~piler. Once a11 arguments have been collect-
ed, t~e expression fa compi1ed in t~e .ame fo~~ 
as a FORT~AN compiled function, excect t"at w"en 
it ;s referenced in t~e prOgram, no ,GLOBL wil' 
be generated, t~us ~akfnq it a Itrictly local 
function. The "or~al exp~essio" "andlt~g ~ou-
tines SUBEXP and EXPGEN are used as cart of t~fs 
~rocedure. When the functfon fs complete, the 
te~porary ent~tes in t"e symbol tab'e are delet-
ed to remove any possibility of later conflictl, 

COMMON • Handles the deClarative. COMMON and EQUIVA­
LENCE. It also contatns the subroutine ALOCAT 
which ;s called afte~ t~e last deela~at.ye to 
allocate any declared variables, etc, W"en COM­
MON is entered, the first action whic~ oCCur. is 
to see if the data allocations have already oc­
curred. If so, the statement has been Dlaced 
;ncorectly end the ~rocess 4s .m~ed4ately te~~i. 
nated w.t~ a diagnostic, Ot~e~w4se, t~e p~oces. 
sor proceeds to check for an (o~t.ona') block 
name followed bv one or mOre variable o~ a~~ay 
names. Note t~et little co"flict c~ee~.~g ts 
done here and won't heppen until the allocetio~ 
itself 48 ettemDted, Fo~ each entity fOUnd, an 
ent~v is made in the COMMON/E~UIVALENCE tab'e 
(see section 5). After each "," te~~.nato~ a 
c~eck ;s mede for a new block na~e, and if found 
t~fs w~o'e procedure ;s started ove~. 
Termination occurs when the end of line te~mfna­
tor· is encounte~ed. 

Another routf"e ;~ t~is ~odule.s ALOCOM which 
fs called by ALOCAT to do the actual code gener­
atio" associated with the co~~on declarations, 
Most conflict situations will be ceug"t here 
which coul0 not be eaug~t by the CO~MON O~oces. 
S5r itself. o 
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The EQUIVALENCE processor, when eMtered, t~4es 
to collect as ~a~y diseret. ~roUOI of EQ~4va­
leMces as oossible 8Md olaees them 1M the 
COMMON/EGUIVALENCE t~ble. The ~LOCAT routiMe 
ca~ be considered to be part of t~is oroeess aMd 
;s called after t~e last Mo~-exeeutab'e state­
meP"lt has beeM e"'couMtered. It fl a98 a,'IV EQ'JIVA­
LENCE .neo~s;ste~cies, qeMerates the ~ec~ssary 
eQuates, AP"Id ealls ALQCOM. 

CORET - T~e CO~TI~UE 8Md ~ETURN state~e~ts are pro. 
cessed Mere. Since CONTINUE 4s a "'ull ooera­
tio", a11 it does 4s check for a 'i~e ter"'iM8tor 
and im",ed;ately exit! T~e RETU~N oroeessor 
chee~s to see whether the stateme",t was issued 
fro", a ~8;n orogram, sUborogra~, or fu~etioM. 
If 8 ma;.., proqram, a diag~ost;c i, issued. If a 
subroutine, a S~ET is Qe..,erated. If a fu"'ctioM, 
the necessary pop code .5 g~nerated followed bv 
the IRET, 

DATA - T~is routine proee~ses OAT A statemeMts 8Md 
generates the reQuired code. Whe.., DATA is en­
tered, a cal' to ALOCAT 4s i",mediately made be­
cause ~o data al,ocatioMS ca'" occur until .11 
other jeclare~ allocations have bee.., "'ade. T"eM 
the data name list is scanned until a "I" is eM­
countered. This o;ves t~e comPiler two strino 
pO;Mters to work with, one to point to the va~4-
able Mames aMd the other to po;nt to the value 
list which should ~atck the names i~ charac­
teristics. As eae~ variable ;s e~count@re~, the 
correspo~ding data value is aS9;~neo to it i~ 
t~e object code. T~ere are several eases whieh 
are c~ec~ed w~i'e t~e al'ocat;o~ is occurring. 
T~ese ar~ BLOCK DATA, prev;ouslv allocated 
I"Ion-COfo1MO~J, vet to be allocatllld nOl"l-CQMMQN. 
Note that il"! 6LOCK DATA that ol"!ly ~8~ed Com~o~ 
cal"! be 41"!it1a11zed ~"d that its a"ocatio~ kas 
already OCcurred in ALOCOM. The process;I"Iq of 
t~e statement cOl"!t;~ues as long as there is at 
least a com~a after tke last el"lcountered vari­
able, a com~a after the last e~eoul"ltered CO~­

staMt, a "'o"'-zero r~peat cou~t for 8 variable 
(arrav), or a non-zero reoeat eou..,t for a con­
stal"lt. All sta~dard forms arp allowed as d~t8 
values, includino t~ose oreceded bv • UMarv 
",(nus. 

DECLAR - This ;5 the sy~tax recogl"l;ter for declara­
tive statements. Uoo~ find~nQ a form it CSI"I"'ot 
recog~;ze, it calls ASF and t~e~ Ju~ps to E~E­
CUT. This routine;s part of t~e mail"! control 
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1000 of t~e comcile~. It ea"s t~e 1/0 ~outi"e. 
to get a l;ne and t~en disoatc~el to t~e c~ooe~ 
state~ent ~andle~ via a JSR PC,xxx. Eac~ 
~andle~ w~en e"te~ed, can assu~e t~at Ql is 00-
;"ti~q to t~e cor~eet cosft~on to begin its ~e. 
cognition scan (fo~ ~ost state~ent! t~is is im­
mediately following t~e ve~b). ~ae~ p~ocesso~ 
is, ~n oene~al, ~e9cons;ble for t~e comolete 
processino of t~e ;nout li~e. ~etu~n f~om t~e 
~andler ;s 8S follows: A normal retu~" will COme 
back wit~ an RTS PC wit~ t~e V-bit of the status 
wo~d clea~. A retu~n w;t~ t~e V-bit set ~av on­
lv occur ~f t~e l;n~ .n auestion could not be of 
t~e ~SSU~~d tYce. 

DEFI~E • OEFI~E FILE st~te~ents a~e P~Oeessed ~e~e. 
The form DEFI~E FIlF A(M,l,U,V) fs df~eetly con­
verted to a cal' to t~e OTS routine SOEFIL wit~ 
t~e e~uivalent cara~ete~s. 

DO - T~;s routine ooes tne DO statement crocessinQ 
a"d elaces t~~ reou;~ed entries 1n t~e 00 table. 
All carameters are e~ecked for ~aving t~e proper 
c~aracter;stics of sf~ele fnteQ~~ variables or 
constants as required. T~en ASC2;s called to 
produce t~e necessary initialization eode to set 
uo t~e looc. 

DOFIN - T~;s ~out;ne ;s called w~enever a label'ed 
state~ent ;s eompleted to scan fo~ oossible 00 
ter~;nat;ons. It;s also used bv ICSTMT fo~ im­
plied DO ~anol;ng ;n IIO state~ents. When 
called it searcnes t~~ no table fo~ state~e"t 
~atc~es ~hic~ may be e;tner no~~al statement 
nu~be~s as in t~e cas~ of a DO te~~.nat1on o~ 
"specia'" fo~m labels whic~ are uled as du~~y 
labels in ;~pl;ed D~ Situations. I~ eit~er ease 
when a ~atc~ is encountereo, an !ENODO o~ SENDDP 
is generated ~ecending on w~et~er p~ramete~s a~e 
being us~d in t~e DO 1000, t~e ~o~e efficient 
for~ be;~p t~at w~;eM does not use oa~a~eterl, 
After 1ener3tfn~ tMe reou;r~d code, t~e DO ent~v 
w~;cn was comoleted ;s remove~ f~om tMe table. 

flOC • T~is ;s 8 du~my routine WM;C~ 48 used to mark 
tMe end of an overlay fn t~e c~m~iler. It 1n 
combination w;t~ one of tMe ~eader blocks estab­
lis~es t~e ra~qe of t~e earticular overlay in 
Quest;on. 

E~DPRO - T~;s routine Man~les all of tMe c~ocess1n~ 
reQuired UPon co~cletfon of 8 compile, It gen­
e~ates tM8 various arraYS, va~i8b'es, etc. used 

o 
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by t"e D~og~a~ w~ic~ ~8rl not been p~ev4ously set 
UP by DATA, C~M~O~, ~r EQUIVALE~CE. It 8'SO 
generates t~e .GLOBL ~efe~enees w~ic~ a~e ~e­
au;~ed bv t~e OTS for D~oOe~ I/~ linkages. 

ENDSTM • T";s ;s t~e f~D ann E~nFILE ~tate~ent ~eco­
gin;ze~. If an FNOFILE ;s found. ~out;n~ ~SSIO 
;s callea. If an E~D ;s found, E~DP~n ;s c~lled 
and t~e ove~l~y stae~ ;s restored. 

ERRLOC - Logs t"~ e~rers oeeu~~;no du~;~~ a state­
ment. Up to 1~ errors will be stor~d in t~e er­
ro~ table fo~ p~ocess;n~ at t"e co~plet;on of 
t~e stat~ment. Note t~at a soecial C8se e"eck 
;s done for error 43 W~;C" ;s t"e e~ror assoe;­
ated w;t~ COM~O~/fQUIVALENCE table ove~flo~. If 
t~;s erro~ s"ould b~ 'ooqed, e f18Q ;s set to 
;n~4bit any attemot at oene~at;~g t"e table 
structures us;nq AL~CAT and/o~ 4lnCa~ s;nee ea­
tastrop~;c e~ror~ could occur ~it" t~e tables 
4nco~olet~ as t~ey will be ;n suc" ease. 

ERRP~T - T"is routine ;5 called at t"e eompletion of 
any statement ~av;nq erro~s. It prints t~e ~;­

aanostic nu~bers and rl;aonost;c text on t"e 
source and object ~ev;ces es soee;f;ed ;" t~e 
table c~eated by FR~Lnc. It ebta;ns t~e ~;ag­
nost;e text from th~ f;'e FQPCO~.nG~. T"e ~4aq­
nOltic number defines a c"a~acte~ pos;t40n wit~­
;" t~e f;l~ where t~e croper text ~ay ~e found, 
ana t"e procer 64 c"a~aeters wort~ of info~ma­
t;on are extracted t"e~efro~. ~ote t~at t~;s 
routine 8ssum~s t~at at least 256 words of stac~ 
a~e ava;lable for te~~O~ary b~ffer uSage ~~;le 
;t is p~;nt~nq t~e d~~~nostic 1n Qup.stion. Once 
a'l diagnostics in t~p list ~ave ~een o~i~ted, 
t~e staCk ;s cleared ~nd t"e co~p;'ation is pe~­
mitted to resume. 

EVALU - Contains two rout;n@s. T~e first SU~EXP, 
takes an ASCII exoression and c~nverts it into 
an ;~ter"8l pn~IS~ st~;~q. T~is pnLISH st~;ng 

is sto~e~ on t~e star.k and ;s ~o~ifi~d as re­
ouired as t"e exp~ess;on in Quest;o~ is evaluat­
ed (the structure of ;nd;v;dua' ;te~9 ~n t~;s 

staCk ;s descrihe~ ;n section 5.9,_ uoo~ com­
~let.on of the parse, SU~ExP returns wit~ t~e 
co~oletp. excress;on form converte~ t~ POLISH 
meae and store~ on t~e staek w;t~ a zero term;­
"8tO~. Al, operations ~ave been ~ef;nerl to eo~­
resDond to accepted FORTQA~ ~s~ge. ~ote t~at 
t~;s ;s t~e routine w~~~e t~e mixed mOdp. conve~­
I;ons are ~ef;ned and ;nserte~ into t"e strinQ 
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of ooeratio~s. T~e second routine, EXPGEN, 
takes th~ ;nter~al pnLISH striMq and uses ;t to 
p~"erat~ code. All actual asse~bler labels and 
scecial flag~ are 889i"neo durin~ t"fs ~~ase of 
evaluation. Minimal error c~eck;nq is done 
s;nce t~e bulk of t~e error ~andl;nQ ;s do"e by 
SUBE~p. W~~" EXPGEN fs f1";s~ed, a returM 4s 
maae to t~e cal1;"q rout;Me, qe amply warMed 
that t"e call;"~ routine ;s ~eld totally resPOn­
sible for clea"in~ UP t~e stack after EXPGEN aMd 
SUBEXP ~ave messed it UP. 

EXECUT - T~;s ;s t"e execut~ble state~ent SYntax re­
cognizer. T~e Job of t";S routine ;s to recog­
n;ze and d;spatc~ to all forms of exeeutable 
state~ent~ (FORMATS included). Note t"at w"en 
t~;s rout;n~ ;s first ente~ed, care ~ust be tak­
en to not ;rrevocably divorce t~e processo~ from 
t~e non-executables s1"ce one of t"e reasons for 
ent~y ~aY be only a badly typed non-executable 
state~ent. T~us, if a statement ;s fou"d waMt­
;ng at t~;s leve' and t"e EXEC f1ao "as not yet 
been set, it ;s Mecessary to issue t"e norma' 
a;aonostic ~nd then return to the nOM-executable 
processor. If EXEC ;s set, t~oUg", t~e state­
ment 1s d;sca~ded upon non-~eco~n;t;on a"d t"e 
next statement read and p~ocessed. 

EXTERN - EXT[RN4L state~ent processo~. T~fs croces. 
so~ ta~es t~e list of ~ames suoolied afte~ t"e 
EXTERNAL declarat;o~ a~rl sets t~em 8S externally 
defi~ed in the sy~bol tab1e. If the sy~bo' is 
~ot a for~al oa~a~eter, t~e ~8~e ;s also scec.­
fied in a .GL08L 1n t"e assembler output, 
Errors are given for "ames wh;c~ cannot be used 
a9 ewterMal, like 'oea' variables, fUnction 
names w~;C" ~ave alreadY been aec'a~ed, etc. 

• 

FORMAT - Th;s routine qeneretes tne ASCII strings 
for FOQMAT stateme"ts. Th;S processo~ m8kes no 
attemot to do syntax checking of t"e majority of 
t~e Fu~MA1. It ;s on'v cacable of c~eck;"q 
nest;"g correctness and Ho"er;t" eounts. The 
0"1v funct;on of ~ote t~at is out of t"e o~diMa­
ry ;s t~at flags arp. set for eac~ conversion 
tyoe w~;e~;s used i" tne FORMAT. T~;s ~s done 
80 t~e routine ENDPRO may oenerate t"e orope~ 
globals for loadfnn t~e ~es;red oort;o"s of t"e 
OTS 1/0 orocesso~s. c:> 

FUNNAM - T~is routi"e, w~en cal'ed bv SUBEXP, e~ecks 
for soee;a' tyoe renuirements for fUnction 
ca"s. For e.ample, w~en called with t~e name 
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048S, it wil1 flag t~e name as ~oub'e precision, 

GENOV~ - T~1s routine is used to output a co~c1'er 
over,ay to t~e disk ov~rlay file ;n .~age fo~~. 
~hen this routine is used in the over1ay 0 bu­
ilder, it also generates the correct lenoth 
overlay f1'e. This routine 4s used on'y for 
overlay building, not for the "0~m81 comoi'er 
oceration. 'It, as we" as STPTUP can be consi­
dered to be on'y te~porary routines ~h;c~ are 
usen to get t~e show On the air • 

GOT a - All forms of GOTO statements, as well as 
STOP, P4USE, and ASSIGN, are h~n~'ed "ere. The 
GOTO processor does all necessary syntax cheek­
ing and then generates the necessary POLISH ops 
to "andl. Unconditional GOTO's, Computed, and 
.ss4gned GOTO's as well. Note that when a var;­
able fs used in an assiQned form, it must have 
been previously used in 8n ASSIGN state~ent. 

T"e ASSIGN processor checks the statement synta. 
and then 1'aos the variable s~ecif~.d as hav;nq 
been blessed by an ASSIGN thus m~king the ~s· 
signed GOTO an eligible receiver for the partie· 
ular var;ab'e. 

The STOP and PAUSE statements are ~rocessed 
identically and expect only a Hew or Octa' con­
stant as A parameter. 

HDR00 - 8K over'av ~ header block. The discussion 
here also applies wit"out change to t"e routines 
HOR01 - HDR~4 as mentioned be'ow, T"e ourpose 
of these headers;s to Preserve sufficient 1n­
fo~~at1on to al1cw the overlav ~andle~ to load 
a"d e.ecute a ~roper routi"e in an ove~'ay. 
Infor~at10" is also present which i, used onlv 
at t~e overlay build time.- The v~r.ous 1te~s in 
the ~eade~. consist of A descriotor list w~ic" 
~as t~e addresses of a11 of t"e e"try oo1nts 1n 
the overlAY and a byte table describing the 
overlay nu~ber, e"trv lOCatio" a"d return char­
acterist;cs of the entry it descr~bp.8. T"e re­
turn cnaracterist1c, in short, specifies whether 
the routine deseribed ~ay be called with a JSR. 
If a JSR call ;s a"owed, the su~~out;ne called 
MUST return "or~a'ly with an RTS ot"erwise t~e 
overlay hanrller's 1"terna' table wi', Qet fouled 
up. The 'ast part of the routine consists of a 
se~1es of dummv entrie~ whic" correSPond to the 
byte table and create t~e proper l;nkaQes for 
t"'e ca'Hn~ routine. Note esoee1al1y·-tlo,at HIe 
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o~der- of the dummv entries is exactly tj,e ~e· 
verse of tnt! alwsfcel ol"de,. of tnt! byte table, 

HOR01 -81( overlav 1 header block, 

HOR02 • 81( ovel"lav 2 "'eadel" block, 

HOR03 - 81( ovel"lav 3 header block, 

HOR04 • 8K ovt!rlav 4 header b' oc k, 

HORGEN - T"'f8 routine generates the start u~ heade~ 
~nformation ;n the asse~bler output file. 

HEA000 • 121( overlay 0 header block. The 4"fo~ma. 
tion in thfs and the th~ee following blocks is 
organized s;milarly to that described by HOR00 
exceot t~et the exact number and kind of entries 
a~e set uo for the 121( structurel. All of the 
above descriPtion ;s accurate in this case, 

HEAD0l • 12K ovt!r1av 1 ~eadel" block, 

HEAO£2 • 121( overlav 2 header block. 

HEA003 • 121( overlay J he8der block. 

IF - All forms of IF state~ents are Proeessed here, 
~he" IF Qain. cont~ol, it acts essentially as a 
sub-orocessor wit"'i" the eompfle~. This is done 
because in t~e ease of LOQ;eal IF fol"~s, other 
statements ~av be used as ~art of the IF state­
ment itself, Beeause of this, the processor .s 
allowed t~ call most other statement Processors 
as if it was the normal syntax 8canne~ itself, 
T"';s specialized control mode is on'y inVOked in 
the case ot LOf.'ieel forms, No~,"al arithlllet4c 
forms expect the standard list of statemelllt la­
bels followin~ the H)" in the statement. IF re­
Qu;res both SUBEXP an'; EXPGEN wloticn it uses to 
eva1uate the expressfo", Ar;t~metic fo~~, wil' 
cal' t~e ex~ress;o" "8ndlt!~ o"'v ~nee w~i'e log­
feal fo~~s reauil"e it twiCe. 

IMPLIC - Tht! IMPLICIT stateme"t oroce.sor. T~fs 
~~ocesso~ resets tlot. ty~p' def1"ition table to 
refleet t"'e argume"ts soeciffed to the state­
ment. It is also reQuired to SCant~e sv~bo' 
table w~4cn alreadv exfsts, a"d re-tvpe a"y 
items in it, Si"ce t~e IMPLICIT statement must 

0 

• 

() 

orecede all statements excect FUNCTION O~ SU- 0 
BRQUTINE st8te~e"ts, the o~ly retvping neees.a~y . 
wil' be done on forma'. oa~ameters whieh have 



o 

• 

o 

o 

PDP-11 FO~TRAN, 130.309.0~1.0e PAGE 69 
P"vlical Oe.c~4pt1on and O~~an4zat1on 

been defin~d in the FUNCTION o~ SUBROUTINE 
state~ent8 themselves. 

INIT • Th1s routine is used to in.t;a,ize a co~pi'e. 
It or1nts the nead;ng, acee~ts the command in­
put, p~es~ts the date a~ea initia'izes the dev­
ices and than Jumps to DECLAR. After t~e END 
statement is "rocesaeri, it outputs the eo~e sum­
ma~v and s~;tC" summary and then re-initia14zes 
the comoiler. 

IOPACK - Handles the compi'er 1/0 interface to the 
monitor. This does all the dog work involved 4n 
continuation 1ines, input buffe~4ng while check­
ing continuations, co~ment cards are bveassed, 
and the other tasks associated with input. For 
out~ut it is used to o~oduee the source and ob­
Ject listinqs as well as outPut t~e object fi'e 
;f any. The 12K version elso has a ~outine 
wh1cn counts l;nes to ~'ace fancy headings 0" 
every p.~e of listed outPut. The strinqs of 
ch.~acters fed to the routine for a~semb'er in­
put are b10cked and output wh~n a buffer load of 
them ;s obtained. In other words, this routine 
does all the good things that a~ 1/0 orocessor 
would be ex~ected to hanale. 

IOSTMT - Th;s routine p~ocesses a" 1/0 statements 
except FORMAT, STOP, and PAUSE, This routine is 
broken down into three "arts, t~at which 
processes the parenthesized oart of the state­
ment Cas ~ell as the 9pecial cases for REAO and 
PRINT), that which o~ocesses s~~p'e 1/0 lists, 
and t~at wn.e~ croeesses 00 implied lists. The 
00 list p~ocesso~ is called from tne simple list 
processor wneneve~ a left parenthes4s is encoun­
tered in tne list. Tne'DO 'ist processor then 
cneeks to see if the section of the statement 
under scan can possibly be ~n implied DO, If it 
cannot, t~en ~ return is made to tne simple list 
processo~ rlefin;ng tne Da~ent~e~is al a s1~ple 
delimiting parenthesis. If;t;s en i~olied DO 
tnen tne wnole section ;s processed at this DO. 
int. Not~ that tne i~p';ed DO o~oeessor calls 
tne simple l;st p~ocessor ;f neCeSsary to cro· 
cess embedded simple lists inside an implied 00. 

MACFTN - restricted version of the MACRO assembler 
which is used to assemble tne comp;'er output in 
t~e 12K comoiler. 1f it;s des4rerl to change 
the class of output tnat tne' co~o;le~ generates. 

'it will be necessary t.o UPdate the ~8semb'er and 
its sv mbol table CPST) to matCh anv new items 
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MSSIO • The REWIND, BACKSPACE, and ENOFILE stat.­
ments are orocessed ~ere. T~e Processinq for 
al' three is identical e~cept as detailed f" 

. sections 7.2.11, 7.2.12, and 7,2,13. 

aUTSl • T~is outouts a statement labe' to the assem­
bler output file. 

aVlAY • Th;s routine is the overlay controller for 
t~e co~oiler. It uses the variou. header block. 
for overlay transfer addresses, etc. The CO"­
trolle~ uses the various entries .~ the headers 
to dete~mfne the overlaY to be called, the loca. 
tion ;n t~e overlay to be entered, a"d whether 
the call is a JMP form which is non-returning, 
or a JSR form w~ic" will return to the callinQ 
overlay, If a retu~ning Cal' is used, the re­
turn MUST be taken or else a comn;ler failure 
will eventually occur, Thfs will occur becau.e 
the controller saves infOrmation On an internal 
lfst to deter~fne where the return must be ~ade. 
If the r~tu~n ;5 not made, the tab'e will even­
tuallY f;11. A side note concerns the olacement 
of tempora~y variables. No temooraries s~ould 
be elaced in an ove~lay w~ich may call usinq the 
return;ng eall. If a temporary Ihould Violate 
this rule, it ;s ~uaranteed not to have the .ame 
4nfor~at1on after the call that it had before, 
since the comeiler makes no attemet to save the 
old core image, It instead brings 4n an entire­
ly new coey from the overlay file, and Justlv 
assu~es th8t the new COoy is fde~tical to t~e 
one o~evtously destroYed, 

PATCH • this ~outi~e eo~sfsts o~lv o~ 100 decimal 
bytes of soace w~fCh may be used fo~ a catching 
a~ea, 

PST • symbol table used by MACFTN. AI delc~ibed 
under MACFTN, t~1s routine .~ould be cha~ged o~­
ly if Changes are made to the cO~D;ler outcut 
w~;ch ~eQui~es oo-codes on ocerat;onl not cu~. 
rently reouired by the comoiler. 

ROCI • T~fs ;s a co"vers1o" routi~e fO~ convertino 

o 

• 

() 

ASCII to real or double prec4sion. It is used 0 
only by SYMTA9. Th1s routine is identica' tQ . 
t~e OTS routine of the Same function_ Tn4s f. 
done to assu~e co mpatib1·1ity 1~ the way nu~bers 
are converted at comoile 8nd run time, 
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SPCLST - T~;. routine ~as t~e DIMENSION ~nd TVPE 
~~ocessors, It e1so contains va~10us subrou-
tines used ~y t~e ot~er declerat'ves. 

STRTUP - Tni. ;s tne temporary cart of the comcfle~ 
start UP code. It ;n;t;al;ze~ tne ov~rlaY 

hand'e~ end t~en Ju~ps to I~IT. 

SUBFUN - Tn1. is the crocessor for qU~ROUTINE and 
FUNCTION statements. T~1s routine Mas tMe main 
function of g~tt;ng t~e ~out;ne n~mp. and gener­
ating object eode to speeify tni, n~me. It a'so 
places in t~e symbol table any formAl parameter' 
w~;Ch are dec1ared in tMe statement, The FUNC­
TION processor also MAS a spec;~' ~ubmOde used 
for typin~ t~e function na~e ;tself. 

SYMBOL - T~;s .S a dummy routine, used only in the 
8K compi'er W~;Ch ~as all t~e bit ass;gn~ent8 
described at the be~;nn;ng of SVMTAR, T~1s al-
10ws SVMTAB to be in only one overlay. ~ARNING 
- any changes made in the ass4qnments in SVMTAB 
must be reflected identicallY in this routine, 
since its only ourpos. is to substitute for gVM­
TAB ;n tMe various ov~r18vs not conta;n;n~ t~e 
symbol table handler. 

SVMTA8 - Is the overall symbol table handler for the 
comp;le~, In t~e 12K comPiler it ;, pe~manentlY 
resident, in tne 8K comPiler it is a separate 
overl~y. It c~ns;sts of several sections, TMe 
f.rst allows one to look up a sy~bol accordinQ 
to its na~e (ASCII st~;nq). Tnis tvpe of lookup 
18 generally done only on t~e first occu~enee of 
t~e oarticular V8r;8~le or eonstant on tne '1ne • 
~Men t~is lookup is mAde, t"e attr1~utes of the 
variable are ~eturned tot"e caller. T"ese are 
tne type, class (constant, variable, arr~y, or 
funetion), an~ seriAl numbe~. Th~ serial number 
;s a 12 bit v~lue w~;cn allows t~e seeondarv 
part of t~e sy~bol table Mandler to ecce~s an 
entry w;t~out a complie~ted search. The maJori­
ty of ref~renee9 within t~e como;1er after the 
first are done usinq th~ serial numbe~ of an en­
try rather than t~e name, T~is is expecial1y 
evident in the e~p~esgion analyzer, whicM may 
need to scan a strinq several ti~es. Tne other 
sections involve SUbsidiary routine, used by tne 
two main looku~ routines to perfor~ routine ma­
;ntenance duties. 

TABLES • Th;s contains ell of the imoure area ~or 
tne compiler. All cnanoeable tables 'Mould be 
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~laced here. No code shoulrl be p1aced here. 

UTILTV -Th4s is • Deckage of ~1.ce"aneous utility 
routines used bv the cO~D4'er. 

o 

• 

o 

• 

o 
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11.0 FUNCTIONAL DESC~IPTtQ~ AN" OPERaTION 

11.1 Globa' Flow of Cont~ol 

T~e ove~all ooe~ation of t~e co~pile~ can be des­
c~ibed as follo~s: 

Afte~ Mav1nq built the cnmo11er and its ove~lays 
(see section 13.~) t~e syste~ consists of tMe files 
FORTRN, FORTRN.OVq, and FORCO~.DGN. T~e fi~st is 
t"e cO~Dfle~ Oroper, tMe second is tMe overlay file, 
and tMe last is t~e d;aonostic text file. 

w~en a Ru FORTRN command is Qiven, t~e compiler main 
p~oeram ;s loaded and execution sta~ts at the ent~v 
point of ~outinp. STRTUP. Thi$ ~outine Op.te~m1nes 
t~e machine ~;ze, dete~min~s if the ~;89nost1c file 
is oresent, and then finds the absolute disk add~ess 
of eacn overley in t~~ overlay f"e. Uoon comole­
tion a Jump to location START in routine I~IT 4s 
taken. ~ote that STRTllP ;s a once onlv ~outfne and 
is ove~laved by t~e comoile~ sy~bol table. 

Uoon ente~;ng routine INIT, the ~eyboar~ is I~ITed 
and the orog~am name ;s tyoed followed by a ~ sion. 
The use~ then types a COmmand str1n~ ~av;nQ the for­
mat as ~equi~ed bv the standards for co~mand input. 
When the com~and "a9 been typed, each file 8S soeci­
fied is OPENed an~ ~ade ~eady for use. If either 01 
the two outout f;le8 alreadY exists, ~ DELFTE fol­
lowed bv a reooen ;s done. 

At t~is ~o;nt, if t~e asse~blv output MaS "ot been 
reauested with tne lAS switCM, t~e file F~RTRN.TMP 
;s opened fo~ outout. This file is used to ~etai~ 
the co~p1'er outpyt for the automatic a,semblv pass. 
I~ the 8K cOmoi'er, it is n~tposs1ble to ~et t~;8 
interface, and it o~erates as if the lAS switch ;s 
always soecified. 

After co~o'et10" of these tasks t~e Tm~l;c;t teble 
is set up to the default values, settino 'etters I-N 
to integer and tne rest of the alohabet to real. 
T~e e~pendab'e entries in TAALFS are cleared. At 
t~;s oo;~t, the c~mo;'er ;5 now co~o'ete'v initial­
ized and ready to compile a proorem. 

The routine DECLA~ ;s now entered throug~ location 
SCANNR. OF.CLAR is used to recognize the ve~bs of 
a" declarative state~e"ts. As eac~ declarative ;s 
recognized, A jump ;s mAde to t~e cor~esoond;n~ 
Mandler. If thp. respectiVe ~and'er cannot handle 
tne input text as required (e.g. - COMMON-i) it 
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will ~etu~n to the ~ecoQn.ze~ w4th the V (ove~flow) <=P 
bit set, A ~etu~n to the ~ecognfzer with the V bit 
set wfll only be ~.de if the st.te~ent ~fqht be .,_ 
lowed .s anothe~ tyoe of statement, It would be fu-
tile to ~etu~n in th;s manne~ f~om the eQu4v.'ence 
D~ocesso~ because the wo~d EQUIVALENCE has al~eady 
been found and the~e is no other fo~~ Which could 
start with that fm~ense na~e. 

A ~etu~n to t~e recognizer without the V b't set 1m­
~lie. that the statement wa. Droceased, so the ~e­
cognizer w1" rearl anothe~ input line a~d transfer 
as reQuired. 

W~en the V bit return is ultimatelY taken Ca. it 
we" ~ust) the ~eco~n4ze~ then cal's the ASF o~oce.­
sor. If the inDut line was a legitimate ASF, a no~­
ma, ~eturn oceu~s and the recogn1ze~ reads another 
line and calls ASF age'". If the ~eturn f~om ASF 
hes the V bit set, it was not recogn'zed and the 
routine EXECUT is cal'ed. 

EXECUT is 
the time 
there are 
cessed. 

the executable statement ~ecogn'zer. At 
it 48 called it has been determined that 

probably no more deClarative. to be p~o-

EXECUT works si~11arly to OECLAR exceat that there 
st11, is a ~oss1bil1ty t~at the 4n1t.a' lines found 
are not executable and that a retu~n ~ay have to be 
~ade to DECLAR. At the Do1nt whe~a the f1~st e-e­
cutable state~ent is definitely found, the EXEC f'ag 
is aet to one end return to non-executables becomes 
1m~oSI1ble. 

EXECUT Droceeda along, Qetting each l1ne and di.­
patching to the various ~out1nea needed to oroceaa 
the Itate~ents. If a line cannot be ~ecogn.zad, o~ 
if the statement o~ocesso~ called retu~n. wit~ a V 
bit flag, then it i. ~ossfb'y an asafgnment atate­
mente Tne 8SS;Qn~ent 8tate~ent p~oces.o~ (reaiding, 
1n ~a~t, in ASCt) is the l.at resort fo~ redeemino 
graCe. If afte~ being rejected everywhere elae, a 
atatement cannot be parsed by t~e assignment oroces­
sor, an e~ro~ dfaQnoatic ta Qiven to the effect t~at 
the statement in Questio~ is undefined, unrecog­
nfzed, o~ otherwise u"deciehe~ab'e. 

One side note, at t"e t4me of the iasuance of any 
d1a~no.tic messaQe bv a compi'er routine, the error 

() 

message word, and the text cointer are .aved in a 0 
'1st of diagnoatic statementa. At the conclul1on of 
each statement, if th1a lilt is non-nu'" the error 
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pri"t routine (ERRP~T) is called. This routine 
p~ints a oortio" of t~e f"put text for receQ"it;o", 
t~e error numher, and if t~e d;ag"ostic file is ere-
le"t it also or;nts t~e text Of th~ error ~e9sage 
w~ic~ matches the error number. 

Ueon encou"terinQ an ~ND statem~"t or an 
e"d-of-file, w~ic~ forces a" imolie~ END, t~e rou­
tine ENDPRO ;s entered. This routine ooes throug~ 
t~e symbol table and creates the various data items, 
PUI~ routines, and array entries as reQu4red. 4fter 
t";S is completed, t~e FORMAT flags ere e~.cked and 
.GLOBLs are ;Rsued for each 1/0 tyoe end format tyoe 
e"cou"tered durinothe eo~p11e. 

Now t~e f11e FORTRN.T~P ;s closed, reoPened for in­
put, and t~e assembler oess {s called. T~e assem­
bler 1. a hig~ly modif;pd version of the M4CRO-11 
assembler with all features wM1c~ are "Ot needed by 
FORTRAN str;poed from it. At t~e end of t~e first 
p"ase of t"e assembly 0895, t"e data block descrip· 
tor summary as de9cribe~ in section 4,11 is generat­
ed. Our;ng t~e second ohase, the binary is generat­
ed as well as any 'fstings deSired. IJpon comeletion 
t~e binary file .qenerated is NOT elosed, but the 
file FORTRN.TMP fs closed a"d de'.ted s4nee it is "0 
lonaer needed. T"e assembler return, to INIT wh;c~ 
cheeks to see if any more input is to be Qroeessed 
from the inout f;le, If so, t"e comQ11er 1s 
re.4n4t;al;zed An~ t~e next routine is Qroeessed. 
W~e" an end-of-f;le has occured on the input file, 
t~e b4nary and list f;lps ere closed 8"0 released, 
t~e keyboard is INITed, the error cou~t 4s ori"ted 
on tne keyboard ("0 error count is orinted ;f no er­
rors occurred, obviously), and the comoi1er ;s res· 
tarted. 4t this oo;nt 4t tYQes a ~ sign 8"d tne 
w~ole show ;s ready t~ start ~ver eQa,n. 

See section 10 And the source list;ng~ for detailed 
statement flow. 
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12.0 PROGRAMMING CONSIDERATIONS 

12,1 Code and Data sto~age 
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Because 01 tne ~o9sibi'ity of o~gan;zi"q tne ove~'a­
ysi" such a way es allowing a ~outi~e to cell a su­
brouti"e i" a differe~t overlay, all data (1m~ure) 
storage snould be seearated f~om all code, T~is is 
currently accomelisned by e'acing tne im~ure areas 
i~ tne routinft TABLES which must Always be ~art of 
the resident root. Note t~at this also imp'ies tnat 
self-mod;fyin o code should be avoided 1f ~ossib'e to 
avoid placing unnecessary restr;ctions o~ w~;en eom­
piler routines may or may not be overlaid. 

T"ou~h adding statement classes is co~par;tive'y ea­
sv, severa' potential problems exist. In tne ~oU. 
tines DECLAR anrl ~XECUT the~e e~;sts a p~ototype 
list which describes the ASCII rearesentation of 
eacn of the state~ent verbs. Tn;s l~st is a two 
pArt '1st, the first part of wh;Ch eons;sts of a 
strinq of po;nters, the second of which consists of 
a string of ASCII orototvpes. wnen 8n insertion ;s 
desired in the prototype 'ist, a new oOi"ter must be 
e'aced in the first part, and an ASCII o~ototype 
must be placed in tne cor~esPond4ng pOSition in tne 
second part. If confusion result~, consult tne 
'isting as an example. 

A. In tne routines DECLAR and EXEClJT are alacerl tne 
ASCII prototv~e na~es for recogn;zin~ declarative 
and e_ecutable statements respectively. If it is 
desirea to add a new name to t~e list, it ~ust be 
realized tnat o~der is so~ewhat 1m~ortant, fo~ in­
stance the na~e I~TEGER*4 must occur ~efore the name 
INTEGER. T~is 1s reouired beeause t~e scanner 
searches for the f4rst oeCUrrence of a comolete1y 
~atc~;ng orototype to the st~1no bei"q scanned, thus 
if the lar~est occurrences do not co~e first in the 
list, ~uccess may be ;ncorrectlv reoorted on a sub~ 
set of the full name desired, 

B. In DEC~AR, the oo~nter list NEXTBL;$ logically 
broken UP into severa' sections. Fro~ ~EXT8L to the 
e~d of tne list is scanned for the first statement 
of 8 rout1~e. Fro~ HORN to tne end of the '1st is 
scanned fo~ a11 other statements in the declara­
tives, e_cept when 8 BLOCKOATA has been fOUnd, in 
wh4eh case the sean starts at enATA. This ~.kes 1t 
easy to make statements like EXTE~NAL and OEFINEFILE 
illega' in BLOCKDATA subroutines. 

o 

o 
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T~e eMt~ies from ~XTBLl to the e~d 01 t~e list are 
data type e~tries like INTEGER, REAl*2, etc. T~e 
order of these entries matches the or~er of the byte 
table MODE w~;ch is used to ass1gM a Mu~erieal value 
(the data type) t~ the entry. The tahle MODE must 
~ave exactly the same number 01 entries as there are 
~rototvce e~tries to reeoq~;ze. 

c. T~e e"tries in the two prototype tables match ;" 
order e~t~;es in the various ove~'av ~e~ders, allow· 
1~g a Quick tra~sfer to t~e p~ooer ~outine for ha~· 
d1;nQ t~e ~articular name. The only exce~t1on oc· 
curs in t~e data tyee entries ~s de9cribed above, 
which all transfer to e;t~er the tMPLICIT or the 
TYPE handler wit" the proper data type as retrieved 
f~om the MODE table. T~e IMPLICIT and TYPE handling 
is do"e specially to minimize the effort reouired by 
the i"d;v1dua' processors. 

D. In EXECUT t~e pointer list EXTRl ;s log;cally 
broken down fnto two parts. For normal stAtement 
handling, the w~ole list is sCanMPd. For 10Q;c~1 IF 
p~oeess;nq, the scan is sta~ted at tFTAA to elimi­
nate il1eoal combi"at;ons of statement types within 
t~e stateme~t by default. Th;s st~ycture ;s handled 
in a similar manner to that 1n seet;o~ 8 above • 
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13.0 PREPAR.TION AND/OR SySTEM BUILD 

13.1 Bu11dinQ t~e Co~p~le~ 
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BUildinQ a compiler from scratch reQuires assembl1nQ 
t~e 48 separate modules and 11"~1ng t~en as des­
cribed ~n t~e follow~nq steps, Note that when 8 

file name is mentioned below, t~e e~tens1ons ere "ot 
mentioned. Source files al' have the ,MAC exten­
sion, object f;les a~e .ORJ, and load modules have 
the .LOA extension. 

Assembl;ng must be do"e using MACRO (make su~e that 
the systeM ~acro file 5YSHAC.SML is ~resent while 
assembling). Linking is done usinq LINK-ll (note 
that 8 compiler ca~not be linked on a ~ac~1ne small­
e~ t~an 12K). 

A. Assemble tne followinq modules, 

ASCl 
ASC2 
ASF 
COM~ON 

CORET 
DATA 
OEC~AR 
DEFINE 
00 
DOFIN 
ELOC 
ENDSTM 
ERRL('lC 
EVALU 
EXECUT 
EXTERN 
FORMAT 
FUNNAM 
GC~PLX 
GOTO 
HDRGEN 
IF 
1 r-1 I' I.. Ie 
IflSTMT 
t.1SSIO 
OUTSL 
aVL.AV 
PATCH 
PST 
ROCl 
RUN~NK 

SPCL.ST 
SUBFUN 

o 
').-
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SVMTAB 
UT1L.TV 

Assemble t~e ~oyt4ne M4CFTN using the 
switc". 
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INt:CND 

If building 8" ~K comei1er 00 to step R, ot"e~w.se 
go to ate!) C. 

B. Assemble t~e follow;no routines with t~e f11e 
8K,MAC as t~e;r "eaders. 

ENOPRO 
ERRPRT 
GENCVL 
1N1T 
rOPACK 
STRTUP 
SYMBOL 
TAAL.ES 

An exa~ele of a M.CRO commend strinq used "ere ~1o~t 
be: 

Now assemble t"e fol'ow;no ~out1np.s wit"out t"e file 
8K.MAC. 

HDR0(/! 
HOR01 
HDR02 
~DR03 

I-fDR04 

Now go to stee D. 

C. Asse~ble tne following ~odules: 

ENOPRO 
ERRPRT 
GENQVL 
I ;~I 1 
IOPACK 
STRTUP 
TABL.E'S 
HEADl'l1d 
HEAD"'1 
HEAD"'2 
HEAO~3 
HEAO(,)!4 
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O. At tn.s ~oi~t all of t~e assemblies are com­
olete. The ~e~t p~ase COMsists of 1."~1"g t~e com­
piler ma1~ orogram a~d eec~ of tne overlay builders. 
If buildiM9 a" 8~ comoiler go to step E, ot~erw.se 
use 8te~ F. 

E. 00 tne follow;nq liMks. 
overlay builders (OV0-QV4) 
the compiler ~a;n prOQram. 

$RUN LINK 

Tnis wfll CAuse t~e 
to be built as well as 

#OV0,LP:<GENQVL,STRTUP,ELOC,SYM80L,SURFUN,DATA 
#GCMPLX,OUTSL,HDRGEN,~SSIO,FUNNAM,E~RPRT,!NtT 
#HDR00,O~LAy,UTILTY,ERRLOC,TABLES,IOPACK 
#PATCH/T:37460/E 

#OV1,LP:<GENOVL,STRTUP,ELOC,ENDPRO,EN~STM,RDCI 
#SYMTAB,HDR01,OVLAY,UTIL.TY,ERRLOC,TABlES,IOPACK 
#PATCH/TI3746~/E . 

#OV2,LP:<GENOVL,STRTUP,ELQC,SYMBOL,COMMON,EXTER~ 
#DEFINE,IMPLIC,SPCLST,ASF,GCMPLX,DECL4R,HDP02 
#OYLAy,UTILTY,E~RlOC,TA8LES,IOPACK,PATCH/T:37460/E 

#OY3,LP:<GENOVL,STRTUP,fLOC,SYM80L,CORET,OOFI~,OO 
#ASC2,ASC1,EVALU,GCHPLX,IF,EXECUT,HOR~3,OVLAY 
#UTILTY,ERRLOC,TABLES,IOPAC~,PATCH/TI]7460/E 

#Oy4,LP:<GE NovL,STRTUP,ELOC,SYMBOL,FORMAT,DEFINE 
#IOSTMT,GOTO,nOFIN,ASC2,I~,FXECUT,HDR~4,OVLAY 
#UTILTY,ERRLOC,TA9LES,IOPACk,PATCH/T:J7460/E 

#FORTRN,LP:<STRTUP,GE~OVL,ELOC,SY~BOL,SUBFUN,DAT. 
#GCMPLX,OUTSL,HDRGE~,~SSIO,FUNNAM,ERRPRT,INrT 
#HOR0~,OVLAy,UTILTY,E~RLOC,TABLES,IOPACK 
#PATCH/TI3746~/E 

T"iS comolet~s el, of t~e linking for the 8K com­
~1ler. Now ~u~ tne f;les OV~ tn~oUq~ OV4 i~elus.ve 
as follOWS: 

$RU~ OV~ 

$RUN OV1 
$RU~ OV2 
$RUN OV3 
$RUN OV4 

T~e f;'es ove t~~ouan OV4 may now be discarded. Tne 
f1'e FORTRN.OVR whicn was Just created by runn1ng 
tnese routi~es is tne master overlay file. Tne file 
FORTRN.LDA l1~ked previou!lv is the compiler ma;" 
program, 

• 
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To bu 4ld tne diagnostic file go to seet;on 13.2. 

F. 00 t"e fo"ow;"Q links. Tn18 w~l' cause t~e 
overley builders (OV0-QV4) to be built as well as 
tne co~piler ~a;n proqram. Note t"at t~e IT switc" 
s~ee1f;ed below s~ould ~~ve the top a~dress sDee;­
fied ~ere for t~e varr;~u9 mae"';ne co"f.gur~tions. 

IT value 
574(;0 
774(;0 
11746V'1 
137.46ilJ 
1574€H'I 

SRUN LINK 

r"IIaet,;ne size 
121< 
16K 
21'lK 
241( 
2AK 

#OV0,LP'<GENOVL,STRTUP,ELnc,MSSIO,fUN~A~,ERRPRT 
#EhDPRO,ENDSTM,INIT,RUNLNK,OUTSL,HOQGEN 
#UTILTY,E~RLOC,RDCI,SYMT4H,HEAD~0,OVLAY 
#TABLES,IOPACK,PATCH/T:7746~/E 

#OV1,LP:<GENOVL,STRTUP,ELnc,cnM~ON,EXTERN,SUBFU~ 
.DtFINE,I~PLI~,GCMPLX,DATA,SPCLST,A~F,DECLAR 
#OUTSL,HDRGEN,UTILTY,ERRLOC,RDCI 
#SyMTA8,HEAD01,nVLAy,TA~LES,IOPACI<,PATCH/T:7746~/E 

.OV2,LP:<GEtJOVL,STRTUP,ELOC,CORfT,InSTMT,OOFI~,DO 

.ASC2,ASC1,IF,GCHPLX,EVALU,fXfCUT,OUT~L,HDRGEN 
#UTILTY,ERRLOC,Rf)CI,SYHTA~,HEADV'l2,OVLAy,TABLEq,IOPACK 
.PATCH/T:"46~/F 

.OV3,LP:<GENOVL,ST~TUP,F.LnC,GOTO,DEFI~E,FO~MAT,nOFIN 
#IF, GCMPLX, EVALIJ, EXECUT, OUTSL, HI)RGEr~, UTTL TV, EqRLOC 
.RDCI,SY~T.8,H~AD~j,OVLAY,TASLES,tOPACK 
#P.TCH/T:17.46~/E 

.CV4,LP:<GENOVL,STRTUP,ELnC,PST,MACFT~,~EAD~4,aVLAY 
#TA~LES,IOPACK,PATCH/T:7746~/E 

#FQRTR~[1,lJ<STRTUP,GEN('1VL,ELOC,MSSIO.FLlNNAM 
#ERRPRT,ENDPRn,E~DSTM,INIT,RUNLNI<,OUT~L,HDRGEN 
#UTILTY,ERRLOC,RDCI,SYMTA~,HEAD00,OVLAY,TABLES 
#IQPACK,PATCH/T:77460/E 

T~is eo~oletes t~~ '.~kin~ of the como~'er. ~ow ru~ 
t"e files OV~ t~rouOh OV4 inclusive as follows: 

$RU OV9I 
iRU Ov1 
SRIJ ("IV:? 



PDP-l1 FO~TR.N, 130-J~9·0~1-~6 
Preparet40M aMd/~r Syste~ Ruil~ 

$~U ~VJ 

$~U OV4 
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T~e f4les QV0 t~rouqh OV4 may MOW be rliscerded, T~e 
file ~ORTRN.OVR which was Just created bv ru"ninQ 
these routines 4s the master overley ~ile. T~e file 
rO~TRN.L04 linked ,previously is t~e eomp;ler main 
prOQre~. 

To b~;ld the d;aQMostic file ~o to ~eet;oM 13.2. 

See chepter 4 of t~e "Gett;"~ on the ~ir wit~ FOR­
TR.N" documeMt. 

o 
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Ge"era' register - o"e of the eignt fa~t orocessor 
reQ4aters ~-7 on the PDP-I1. 
ANSI - American Natio"al Standards Institute 
ASCII - Amer;ea~ ~t~ndard Code for I~for~at;on In­
tere~a"ge. 
CREF - Cross ~EFerence (list;ng). 
OTS • "Object Time System", that oort10n of the FOR­
T~AN whie~ interfaces t~~ comciled proqram to the 
world, 
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T~e following docu~e"t is n~t directlY related to 
t~e operatioM of the compiler. But, ~ue to t~e fact 
t~at ftmay be useful to '"vOMe des;r."~tc i~prove 
t~e compiler efficie"cv, ;t ;$ f"cluded 4" the spec· 
if;eatfc" as aM app~"d;~. The 8Mllvs •• wa. do"e ;" 
September 1971, US;"g V0~lB of t~e compiler a"d 
V~05.2 of the DOS monitor, 

T~cugh th;s t;m;nq aMalvs;s w~s done with aM 8arlv 
version of the compiler, t~e basic ec"clusfons can 
still be considered to be correct, ev~n th~uqh the 
exact times may h~ve ch.nqed. 

o 

(j 

o 
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I ~IT~ODUCT I ON 

PAGE 

T"'e follow;"'g 1 nforlT'at i 01"1 is the resu' t of s'everal rUr"ls of 

t~e PDP-ll FORT~AN co"'p11er rUr"I,.,;",g U!"'Ider t"'e suoervis;or"l of 

a statistical samolfl"l~ oackage as fmple"'el"lted ul"lde~ POP-lt , 

~ro~ra~ to he ruI"I ul"ldpr tl'le mOl"litor while collect.r"I~ data 

about tl'le freQuel"lcv of execution 04 all or part of t~e user 

al"ld POir"lter5 ~erta;I"I;,.,q to the flow of executiol"l as sa~pled 

statfst;cally at aporoxi",atelv 1~ m;"iseco!"'ld f",terva's. ~) 

For more informatiol"l ebout the orogra", in Question see Ap-

pe",di)C I. 

PROGRA~ CONFIGURATI~~ 

• 
are used to COl"lvert FORTRAN TV s~urce code i!"lto asse~b'er 

acceptable input, the fourth overlav beinQ used to asse~ble 

that ;!"'Iout and create an object file suitable for li"ki"9 by 

tl'le relocatable If,,,ker. The fourth overlay is a hiqhlV mod-

if;ed vers;o'" of PAL-ltR which has b~e", restructured to re­

move all assembly features Mot ,.,eaded bv the FORTRAN svste~ c:> 
as wel' 8S to improve sOeed where oossible. Previous to 
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• 

TIMING RESULTS 

c 
ter~s of a "p~rcent of total" rat~e~ than an Absolute numbe~ 

co~pile ti~e of aporoxi~~telY 4~ minutes. Aocrox;~atelv 6~ 

cO~D;led, some very s~o~t and s~mp. ve~y lonq. About half of 

• 

te~ded from b~ to lP~ state~ents OA~ ~;nute ~n both RF-l1 

and RK-l1 based systems. 

o 
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PAGE e8C=; 

TOTAL TIMES 

se~blv p~ese wn;c~ co"verts t~e a9se~bly code to bi"a~v. 

t~e compile p~ase t~e~e are t~ree areaS w~;c~ account for 92 

~8"dl;"q, ~e'n~ t~e major PArt ~f t~is time takes 41 (2.9) 

T~e assembler p~ase ;5 dom;nateo bV 0 routines w~;c~ take UP 

~.... 1 
~} 

o 
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Tkese routines ~re: 

Qu;res 7.8 (2.8) percent. 

PAGE 89 

ITEM - which ;s used for part of t~e syntax scan re-

SERCH8 - w~ich is used to ~eareh t~e svmhol table usps 

PIe routines to save and restore req'sters account for 

Appenni~ II contains the netailed table from which these 

timinos were acstractp.d • 

CONCLUSIONS 

If it ;s nes;red to increase the speerl of the comPiler as it 

n;que li~elv to show the MoSt ;mm~diate qAin i,., soeed would 

itor proper. The time (63.8X) 5pent f,., the mOl'litor curre,.,t-
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overhead. 
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yet, that a~ aporec;ahl~ oortio~ of tke mo~.tor overhead is 

be;~g soe~t delet;~q the tempor~rv f;1e required bv the com-

oiler. I have ~o eo~erete figures o~ this vet, but the va~. 

to accou~t for ~etweeM 15 to 3~ peree~t of the total time 

used bv the compiler. If this is true, this is aM obvious 

plaee to st~rt to ;morove comoiler speed. 

the mo~;tor ca~~ot be imoroved (1) the ne~t option would be 

to modify the assembly ohase ;~ the rout;~es which are cur-

re~t'y tak;no the most time. nne obvious ca~didete ;s to 

try to f;Md a way around the current Meed to bla~k the list-

monitor overhea~ will show no more th~n a 3 to 8 oercent im-

provement f~ the total thrOUghput. 

The least fruitful oPt;on ;s to make improvements i~ the 

eha~ge here WOuld likely account for onlv a sm~ll increase 

o 

• 

;n total speed. If core reQuireme~ts are SUCh that the com­

piler could be made ;Mto fewer overlays or in the unlikely c:> 
possibility of be;np able to make it entirelv core resident, 



c 
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three I"outines. 

PAGE 92 

long enoUQh to Qet a few thousand samoles, a stat;stfcal 

This techntoue is ve~v useful, but not without oroblems. 

are not l;~ely to s~ow uo ;n tMe ~~ta. Also if a o~oora~ fa 

needs t~e mon;to~ itself to outout t~e data collected. The 

01.1 .. 1 I I 
,~ i 

In the DOS imolp.mentat;on here, the samoles collected are 

stol"ed ;n a euffe~ until 17;~ Mave been collected. At tl'da 0 
oo;nt tne use~ ol"og~a~ ;s susoended fol" a short tfme w~;'e 
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the data is out nut to a fi1e wnic~ ;s r~served for eceu~u-

il ~sed as data for e orogra~ wn;c~ oe~erates ~istogr8~S of 

.. 
The DrOqr~m to evaluate t~e data co~sists of two certs, T~e 

The secona, ~ritte" in FORTRA~ eva'u~tes t~e ra~ data oote-

c date collecteo, ,t ~ay be desir~b'e to ~o1ify the reDort 

ge~eretor i" various Dl~ces to "ta~lor" it to t~e task. 

t~e syste~ ~av ne collected t~at ~as ~ot reco~~ized as nei~~ 

• T~;s syste~ will be described ;" ~o~e oetei1 s~ortly w~e" a 

o 
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I TE~1 ~ 
COM~ILE 

pM.SE 

CO~PILE 
ASSEMBLE 
Mnr-..ITO~ 

C"MPILE i;REAKDO~N 

IOPACK 32. 
SVMTA8 15.1 
ROCI 16.7 
UTILTV 28.J 

IOPACK R~EAKD('II'i'\l 

CHE::CK INPUT 
LIr-..E 12.1.3 
8UILD INTER~JAl 

LINE 4.3 
OUTU", OUTL~l H~.8 

SYtor,TAB i3REAKDOoli"J 
GET~YM 4.1 
SERATR 5.J 

~DC I 8~EAI(COI'i~; 

DIvIDE Q.J 
MUL54 ~.~ 

UTI LTV B REA f( DO iii oJ 
pAC~ 3.3 
~XTCH,CNXC 4,6 
SCA~2A 9.4 
UNPACK 5.9 

.. 
X 

ASSEM. 
PHASE 

'( 

~'"'''lE 
C!'!MPILE 

'-". 
~0. 

c;.' 
".~ 
~.9 
~.7 

2.4 

.8 
t.~ 

.7 
1 • 

1.7 
1 • 1 

.6 

.8 
1,~ 

1 • 

X 
TOTAL 
TIME 

7.3 
28.9 
63.8 

1.8 
.72 
1.il4 
1.70 

.87 

.29 

.65 

.61 

.39 

.22 
,29 
.58 
.36 

PAGE 
9' 0 

., 

() 
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ASSEMBLE ~REAj(OnWN 

BLKRUF 9.4 7.q 2.8 
ITEM 14.9 12.4 4.5 
SERCHB All) 11;.8 2.46 
REGISTER SAVE 
AND RESTORE tv.). 9 0." 3.26 
ENTER3 .8 .7 .25 J IIIORD 
BINSRC~ 5.0 4.1 1.5 
TERfI'IIN 0.6 7,A 2.8 
NUMBER 3.5 3.t 1 • 1 
NCHAR .s.5 3.7 \.3 
SETUP1 !=i,,1 4.2 1,5 
BINASC .s.A 4.~ 1.4 
ENOLINE 
ERROR LOOP 3.5 3.~ 1.r;'! 

MONITOR ~REAKDOWN 

Of t~e ti~e spe"t ;~ t"P. mO"itor (63.A%), aooro_1mately 60% 
(40%) of tne time is spe"t ~" t~e 1/0 wait 1000 of W"iCh 
about "81f of the wait time C8" be Attributed to t"e file 
delete which occurs 9"0 the other "elf occurs dur;~qt"e 
eo~pi'er lIn. The rema1"der 0+ t"e monitor time, 30% (24%) 
45 take" uo by the read/w~1te processor, 
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$Dn"nn labels • • • $Innnn labe's • • • 
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lAS • • • • • • • • 
ICK • • • • • • • • 
ICO • • • • • • • • IER • • • • • • • • 
IGO • • • • • • • • 
ILl • • • • • • • • 
ION • • • • • • • • 
ISU • • • • • • • • 
8K Assemblv • • • • 

16 
16 
16 

15 
12, 13 
14 
14, 33 
\4 
14 
13 
13, 38 

79 

AddfnQ Statement Classes 76 
.dJustable Arravs • 49 
.r;thmentic IF ••• 46 
Arit~metic ex,.,ress;~ns 35 
Ar;t~metic Statement Functions 49, ~2 
.rray Descr;ptor Block 12, 29 
Assembly o~ase ••• 69 
Assembly symbol table 7~ 
ASSIGN ••••••• 41 
Ass;gned GO TO ••• 35, 40 
Assignment and CALL statements 61 

BACKSPACE • • • • • 42, 
BLOCK t)ATA • • • • • 49 
Bu;ldinq the Compner 78 
BYTE • • , • • • • • 37 
Bvte format • • • • 23, 

CALL •••••••• 39 
Call;ng Conve",tio"s • 18 
Carriaqe Co"'trols • 11 
C~aracter Set/Codes • 18 
C~aracter str;n~s • 23 
Code and Data storape 7~ 

7~ 

34 

Code Qenerat;on example 52 
COMMAND LANGUAGE • • 58 
Command strinqs •• 58 
Command Str;nos •• 15 
COMMAND STRUCTURE • 58 
CO~MON ••••••• 44, 02 
COMMON 810ck header • 28 
COMMON Block 'ist • 29 
Common Table •••• 28 
Compiler Data Structures 26 
Como;1er 1/0 •••• 33, 69 
Comoi1er 4nitializatfen 69 
Compiler intern ... l label'inQ 16 
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Com~i1er Option~ •• 15 
Co~~;ler overlav handler 7~ 
Comoiler oatch Area • 7~ 
Co~oilel" start UP cod~ 71 
COmoiler sy~b~l tab'e processor 7\ 
Co~p4ler tables •• 71 
Comoi1e r Ut41it;es • 72 
Co~o'ex for~at ••• 23, 34 
COmouted GOTO ••• 35, 4~ 
Constants ••••• 34 
CONTINUE •••••• 41, ~3 
CONVENTIONS AND STANDAR1S 16 

DATA • • • • • • • • 45, 63 
Data Conventiol"lS • • 22 
Data COl'lvers;on Routines 9 
Oat.!! Structures • • 26 
DAta Ty~es • • • • • 34 
DATE • • • • • • • • 51 
Decla,.at;ves • • • • 63 
DECODE • • • • • • • 36, 50 
DEFINE FILE • • • • ~5, 48, 
Design Philosophy • 4 
D1aQl'lost;c C'lutput • 3:~ 

DIMENSInN • • • • • 4j 
DII"IENSION processor· • 71 
DO • • • • • • • • • 46, ~4 

DO Statements • • • 35 
DO Table • • • • • • 30 
DO ter!",;nAt~O!"\ • • • 64 
DOUBLE • • • • • • • 37 
Double convers;~n • 7~ 
Double Precision form.;=lt 23, 

ENCODE • • • • • • • 36, 50 
ENCODE/DECON:. • • • 10 
END • • • • • • • • 43 
E,.,o ol"ocess;r"lQ • • • fli4 
END: • • • • • • • • 10 
ENDFILE • • • • • • -12, 70 
EQUIVALENCE • • • • 44 
Eou;valencE! block • :3 k) 

ERR- • • • • • • • • 10 
Error proeess;n"l • • ~5 

Examples • • • • • • 19, 24, 
E)(ecutables • • • • (0.6 
EXIT • • • • • • • • 51 
E,xpress101''1 evaluation 65 
Expression Stack st"uetures 
El(press;ol"'t Table structures 
EXTERNAL • • • • • • 38, 66 

File convel"ltior'ls • • 24 

64 

34 

52 

31 
31 
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FOrmatted Rpcor1s • 11 
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68 
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Figure 1 - Array Descriptor Block 

Address 

N Address of first data element 

# Data Data element 
n + 2 Dims Type size in bytes 

max. dimension - first subscript 
n + 4 

n + 6 max. dimension - second subscript 

n + 1.0 max. dimension - third subscript 

Words 3 and/or 4 appear only for two and three dimensional arrays 
respectiveLY. The ADB as stored in the complier is similar except 
that the first word is used to point to the next ADB entry. 
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Figure 2 - Integer Format 

Address 

n value 

n + 2 filler 

The filler is used only as a placeholder. The JON causes 
the removal of this filler \.".ord at compile time. 

o 
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Figure 3 - Real and Double Precision Format 

Address 15 14 7 6 

n s 
i BINARY EXCESS 128 
g EXPONENT HIGH ORDER MANTISSA n 

C 15 ~ 

n + 2 LOW ORDER MANTISSA 

15 ~ 

n + 4 DOUBLE PRECISION 

n + 6 HANTISSA EXTENSION 
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Figure 4 - Complex Format 

Address o 
N Real Part (format same as in figure 3) 

N + 4 . Imaginary Part (format same as in figure 3) 

o 



I.ddress 15 14 

Entry 
Type 

J + 2 Common ADJ 
Array 

J + 4 

J + 6 

Single A.ssign 
if + 12 Ref. 

if + 14 

if + 16 

--

n 
Figure 5 - Main Symbol Table Format 

13 12 11 10 9 8 7 6 5 4 3 2 1 ~ 

ADJ Prog Constant Length of data item (if constant = 1) 
Data Type Array Name or parameter list index (if constant = ~ 

and parameter = 1) 

Equi- Para-
valence meter Entry Serial Number 

Address of next entry in table (-1 if last entry) 

Symbol Name in RADIX 5~ (two words) 

Explicity Used Gener. # of Unused Common Block Sequence 
Type in PUSH Dimensions (~ = not in common, 

Expr. 1 = blank common) 

ADB pointer for subscripted items 

Any additional words will contain the entry value if 
the CONSTANT bit is set. . 

------------

I 

• 

I 
I 

"l1 
~ 

OQ 
CD 

I-' 
o 
VI. 
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Figure 6 - Common Block Header 

N Link to next block header 

N + 2 First characters of block name 
(~_~CII ) 

N + 4 Second 2 characters of block name 
(ASCII) 

N + 6 Last 2 characters of block name 
(ASCII) 

N + 8 ,0 

N + 1,0 Link variables in this block 

o 
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Figure 7 - DO Table 

N Statement number of terminal statement in 
RADIX 5.0 

N + 4 Serial number of destination return label 

C N + 6 Pointer to control variable symbol table entry 

N + 1.0 Pointer to initial parameter symbol table entry 

N + 12 Pointer to terminal parameter symbol table entry 

N + 14 Pointer to step value symbol table entry 

c 
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Figure 8 - Compiler Memory Layout - Declarative Phase 

HIGHEST ADDRESS 

HIGH LIMIT OF ~ 
FREE CORE 

LOW LIMIT OF 
FREE CORE 

LOADERS 

COMPILER r.fAIN 

COMPILER OVERLAY AREA 

STATEMENT BUFFER 

COMMON/EQUIVALENCE TABLE 

~ 

FREE CORE 

i 
SYMBOL TABLE 

COMPILER STACK AREA 

MONITOR BUFFER AREA 

MONITOR 

The symbol table is allowed to expand upwards. The COMMON/Equivalence 
table is allowed to expand downwards. 
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Figure 9 - Compiler Hemory Layout - F.xecutable Phase 

HIGHEST ADDRESS 

HIGH LIMIT OF--+ 
FREE CORE 

LOW LIHIT OF --+ 
FREE CORE 

LOADERS 

CDr-1PILER MAIN 

COMPILER OVERLAY AREA 

STATEMENT BUFFER 

FREE CORE 

r 
SYMBOL TABLE 

COMPILER STACK AREA 

MONITOR BUFFER AREA 

MONITOR 
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T~e Object Time System (OTS) is a l1bra~v of assembly 
'anguaae o~ogram. to be used as a comolement to com­
o4'ed code 1~ running Fortra~ o~ t~e PDP11, T~e 015 is 
divided into four principa' Dartsl 

A) T~e 1/0 process1nq routines. 

B) T~e m.t~emat1cal subroutines and function qenera­
tors, 

C) Miscellaneous service routines, 

0) 1/0 device tab'es, buffers and run 'sw4tc~esl 

T~e OTS will handle certain unit interface p~oblems 
connected w1t~ IIO but will not include any load, 11~k 
OP monitor section_ For a description of tne Fortran 
functions to be supported see 130-309-~01_ 

T"e 1/0 section w;" "andle building of uSer input and 
output records (accord1n~ to any Fortran format specif-
1ca~;ons) and accomplish file mun;oulations t"roug~ t"e 
system monitor. T"e format processor eonsists of t"ree 
sectionsl 

A) A routine w"icn associates items in t~e format w.t~ 
items in t"e 1/0 '1st and 1/0 record. 

B) A set of routi~es whic" perform format specified 
conversions to and from character str4n~s. 

C) A set of monitor interface routines wi" act 8S dev­
ice drivers. 

1.1.2 Met"emat;ea' Subroutines and Functions 

o 

• 

The mat" routines section will "sndle two tyoes of O .. ~ 
telks: 

A) Ar;thmetic operations not supported bv tke 11/20 
hardware - eg floating DOint, doub'e precision, 
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B) Standard mat~ematical functions su~po~ted by Fo~tra~ 
" eg, SIN,ATAN, EXP, etc, 

1,1.3 Miscellaneeoul Service Routines 

T~e miseel'a~eous se~v1ee routines wi" pe~for~ sue" 
functions a8 arrey index ar4t~metie, ~x1t, and error 
~rocess;ng. 

1.1.4 1/0 Device Tables a~d Buffe~s 

1/0 device tables, buffers a~d ~un 8wite~es reoresent 
t~e ~on. reentrant portion of t~e OTS. tt contains t~e 
';n~ blocks, file blocks, device status switc~es, etc, 
fo~ Fortran 1/0 and any buffe~s w";e~ a~e necessary to 
oerform 110. It also eonteins anY globa' values or 
switcMes w~1ch are ~eee8SArv to execute t~e users oro· 
Qram(e,g, last eneounte~ed statement ~umber, sub~ou­
tine name Chain), 

In coding T~e Object Time Package emp"a.1s will be 
olaced on speed efficiency in t~e aritMmet1c routines, 
and economy of core at the possible expense of soeed in 
the 1/0 routines. 

In genera', routines wi" be se9menterl so t"at o~'y 
code needed by a particula~ Fortra~ run wi" need to be 
loaded. 

TMe mathematica' function alQor;tMms wi" be drawn from 
DEC-11-GGPA-O, IBM-C28-6596-2, IBM-C26.5929-4, Hastings 
- Aporoximations for Digital ComPuters, Hart • Computer 
Approx;mat1o~8' st8nda~d referenCe texts, etc. 
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POP11 Fortran OTS will run unde~ the Disk ~onftor, 
wh;c~ re~u;res a ~;n;mum of 8K of core, RF-l1 Disk, 
High S~eed Reader/Punch or Decta~e, and an ASR-33 TELE­
TYPE. 

2.2 O~t40ns 

If more tnan 8K of core is ava~lable, OTS ean be lfnkerl 
to use a1' available scaee. OT5 wi" lucport a" stan­
dard product line OPtions whic~ are sUPcorted by the 
Disk Monitor COOS). 

2.3 Future Considerations 

The 01S 4s a highly Modular system, extensions to sup· 
oort new hardware oct4ons within the ~OS environment 
can be made with minimal effort, 

o 
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The ObJeet T;me System w~l' ~e~ui~e the services of the 
'4~K.~q loader a~d t"e PDP-i1 Disk Mo~itor. 

T~e Object Time Package wi'l support array overflow di­
ag"ost1es OPtionally set UP by t~e compi'er. (see 
13~·309.001 section 3,1.2,6) 

Al' ObJeet Time Code w4l1 be re-eMtrent to faei,itate 
futu~e deve'oome~t' "owever, eerta1M OT8 rout1"es re­
~u1re addresses of areas w~ieh ere task spp.cific. The 
~SX·11B·C mo"itor provides a faci'ity by whiCh an ad­
dress within a task area cen be obtai"ed by the OT5 
whe" that task is 1" e~eeut10n. Th4s add~ess is the 
address of a vector of po1nte~s to t~e soee;fie imoure 
area used by the OTS ($OTSV, see 5.5) 
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4.1 Registers 

The oeneral registers will be referred to as follows: 

Reg 0-5 • Re-~~ 
Reg 6 • SP 
Reg 1 • PC 

T~e 11/45 floating point accumulators w;11 be referred 
to as. 

All standard eall;ng conventions are discussed in 
130-309-001. 

aTS routines whieh do not ~nteract directly wit~ for­
tran eom~fled code ~ay use eal,fnQ eonYeMtions differ­
ent from InY of t~e above. These will' b~ explained in 
t~e routine descr1~tions. 

Documentation w;ll consist of : 

a) The 'atest revision of this document 
b) General System block diagrams 
c) Heavily annotated ';stinqs. 

code wi" have comments. 
head1~g text describing its 

d) D4seuss;on of algorithms used 

Almost a11 lines of 
Eac~ routine w;" have 
funetion and use. 
in the ~ath pac~a~e, 

o 
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An integer is a sixteen bit, two'. come'ement, wo~d al­
igned Quantity, Only the hiQ~ o~de' (lower-addressed) 
word (or fts address) of integers stored in the two 
wo~d format wil' be o~esented to OTS comoutat1onal rou­
tines. Similarly, al' integer results from such rou­
tines wil' be one wo~d only, 

WOPD n bit 15 • s;Qn of fraction 
bits 14-7 a bina~v e.conent excess ·128 
bits 6-0 • ~;Q~ oroer fraetion ma~nitude bits 

T~is format ;s limited to normalized numbers. T~e nigh 
order bit of t~e fraction (alWaYS 1) Is omitted fro~ 
4ts im~';ed oosition (bit 7 of word n). 

Same 8. 4,4,2 followed bv two ~ore words of extended 
low order fraction • 

All ors ~out1nes wi', ~ave a tit'e w~1e~ begins with a 
'" fol'owed by t~ree alohe's and two digits, Tne 
t~ree aloha's will indicate the routine name whi'e the 
two nu~erics wi" ;ndtcate tne current version nu~ber. 

Internal labe's are free'v c~osen for mnemonic signifi­
cance, .,, OTS ,GLOBL's ~ave '" a. their ffrst char" 
acter to avoid confliet with user GL~BL symbo's, 
user-callable subroutine entry pOints do not begin with 
", (e~ SIN, SETFIL). 
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5,~ DATA STRUCTURES 

5,1 1/0 Device Table (SDEVTB) 

~esides 4n t~e nOM-reentrant oortfon 0+ OTS. It .s 
used to associate a real device and f11e wit~ t~e user 
soecified deviee number, It consists of two seetions -
a ~eader for qe"eral eo"t~ol ;nformatfon and e"tries 
for s~ecif.c information about 1/0 status. 

5,1.1 Device Tebl. ~eeder 

~ORD-1 veetor entry for deviee .3 (lo~ieal da­
ta set Mame CMO) used for error loqg;n~ 
deviee 

wORD 0 addr of error ~Sq ff'e liMk, file and 
block block 

SDEVTB: ~ORD 1 number of entries in device table (de­
fau't 8) 

WORD 2 device num of print file (error ~Sg 
logqing device) default dev4ce-.3 

WORDS 3-10 address of SDEVTB entry for device 
number (1-8) (if any word-~ device 
number 's Mot allowea' 

NOTEI T"e nu~ber of deviees available ~av be c"anged bv 
altering WORD 1 and aope"d1n9 to or deletin~ from last 
8 words of ~eader, 

5,1,2 Device Tabl. Entries 

Eae~ entry is 16 words long 

WORD 1 
WORD 2 

WORD 3 
WORD 4-5 

~ORD 6 
WORD 1 

008 pointer (from 1 ink block after 4nit) 
p~vsica' device name in RAD50 
(See Section 5.1,4 for defaults, 
unit num (default=0) (NOTE 1) 
fflename RAn50 (default 'FORnn~' ~~ere n~~ is 
deviee nu~) 

file extension RAD50 Cdefault 'nAT') 
.w1tc~es (NOTE 2) I~roteet code Crlefau1t233) 

WORD 8 status/~ode from line bUff "eader 
WORD 9 count of 1/0 operatio~. for t"i! dev1ce 
WORD 10-12 unused 

J 

• 

o 
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~ORO 13 num records to a"ocate (from SETFIL) Note 1 
WORD 14 record 'enQt~ in bytes to allocate (fro~ SET­

FIL) Note 1 

WORDS 8.14 tor rendo~ 1/0 

~ORD 8 function word 
WORD 9 bloCk number 
WORD 10 buffer address (from monitor' 
WORO 11 buffer lengt~ (from ~onitor) 
wORO 12 associated v~r addr Cfrom DEFINE FILE) 
WORD 13 ma~num records in f;'e (from DEFtNF FILE) 
WORD 14 record len9t~ in bytes (from DEFINE FILE) 

WORD 15 UICCdefault~, imclies 'ogf~ UIe) 
WORD 16 addr of error value var (from SETF.IL) 

NOTE 1 - T~e ~ow open byte is norm~11y 0 w"en t~e f41e 
is closed. However, if tne user wisnes to allocate a 
contiguous file At run time, SETFIL wi" set t~.~ value 
to 127, and if tne f;'e is non random will set words 
13-14 of t~e entry 

NOTE 2 • ~ORD 7 sw;tc"es 
cits 0.1 ~.f.'e closea 

la~MTD ft'e open 
2·UNF~TD fi'e open 
3aRANDOM f4'e open 

bit 2 1-DEFINE FILE done on tni, deviee 
bits 3.7 unused 

5.1.3 Device Entrv for Error Message Fi'e 

Is a ';n~ block w;tn a f;le bloc~ and a block block • 
It is 16 words lon~, tMe protect code is 322 tne ffle 
name is 'FORRUN.DGNI and tne logical dataset n~me is 
'ERR'. T~e file itse'f ;s cont;oous w;t~ one sixty 
four CMaracter messaqe per logica, record. 

5.1,4 Device Table Defaults 

T~e c~ys;cal device defaults ;n SDEVTB a~e 8S fo'lowsl 

Un.t Pnys;ca' nev;ee 
-3 KB (er~o~ lo~g;nq) 
1 Sy 
2 Sy 
3 Sy 
4 PR 
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6 KB 
7 SY 
8 Bl 
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T~e 10oiea' unit -3 (logical data set ~a~e CMO) is used 
fo~ error·loggt~g and PDUMP output, The FORTRAN user 
orogre~ may also write ASCII out out to CMOr since the 
compi,er does not pe~m;t negative i~tegers as u~ft 
numbers in WRITE statements, the u~;t ~u~b~r must be an 
integer variable whose value is -3. 

5,2 1/0 Buffer ($IOBUF) 

There is one sixty eight word 1/0 buffer pref;~erl bv a 
f;ve wo~d prototype link block, a seven wo~d orototvpe 
ffle block and e three word prototype line bloc~ 
heede~. All 1/0 uses this '1/0 buffer' with the excep. 
tion of random 1/0 which does not use the last sixty 
Seven words. The global ~ame $IOBUF is t~e address of 
DOa pointer in the link bloc~. ' 

NOTES frror processing a'so uses this '1/0 buffer' for 
measage 'oggi~g in such a waY that a~v information in 
the link bloe~ or data portion is not destroYed. 

5,3 1/0 Processfn~ Stack Us~~e 

Each form of 1/0 reQuires information about the oend;nQ 
1/0 re~uest. This information ;s most e8s~ly tra~smit. 
ted between routines via the staCk. Thus for eaeh form 
of 1/0 there is a stack format wh;c~ is reQuired, The 
stack is divided into two logical seetio~s. T"e fixed 
IIO informatiOn section(w~ic~·w;11 be addressed by R4 
while ;n the 1/0 routines) a~d the specific IIO ~out1ne 
information seetion(wnic~ will be addressed bv R5 while 
;" t"e 1/0 ~out1nes), 

5,3,1 General 1/0 I~fo~mation Stack CrOPSTK 19 words 
addressed ~y R4) 

SAVER5 
SAVER4 
SAVER3 
SAVER2 
SAVERl 
SAVER0 
ERHFLG 

eal'ers H5 
callers R4 
callers RJ 
callers R2 
callers Rl 
callers R~ 
set to one if errors re~ufre f'us~inq of tne 

o 

• 

o 
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1/0 11st 
ARGLEN lengt~ of curre"t 1/0 .te~ t,2,4,8 o~ ~ if 

none 
ARGTVP type of current 1/0 4te~ i.LOG, 2.12, 4.14, 

5 a R, ~.C, aaO 
ARGPTR addr of current 1/0 ite~ 
RECEND a~dr of 1/0 buf1e~ end + 1 
RECPTR addr of current position in 1/0 bu1fe~ 
RECADR addr of sta~t of 1/0 buffer 
IOllOR addr of 1/0 routine SINFR, SOUTFw, 'I~R, 

SOuTw, SINRR, or $OUTRw 
IOTSW type of 1/0 0.FMTD, 1.UNF~TO, -t-RANDOM 
IOAOOR addr of ite~ processing rout1"e SFIO, SUIO 

0"- tRIO 
IOSW 1/0 .witc~ 0-output, l.input 
FMTAOR/RNU"1AO/UFNIJLL 

FMTO 1/0 addr of 10r~at state~e"t 
UNFMTO tlO a 0 
RANDOM 1/0 addr of record number 

UNlTAD address of 1/0 unit nUmbe~ 

5,3,2 Formatted 1/0 Stack CIOFSTK 17 words addressed 
by R5) 

PSCALE 
D5CALE 
FWIDTH 
REPeNT 

SCNI(AR 
CVTRTN 
CVTSw 

INT 
INTSlli 

EXITSW 
GRPCTS 

GRPCTI 
IiRPCT 
NPRN2 
NPRNl 
NE.ST 
FMTPTR 

cur~ent P sealing factor 
current decimal width 
current field w4dt~ 
current conve~s10n spec;fieation ~epeat 
count 
c~aracter addressed by FMTPTR 
current conversion routine addre.s 
current conversion tYPe 0-0,-t-E F G,l.! O. 
2-., 311L 
format processor accumulator 
state of tNT 0. empty, 1. pos num, -1. neg 
num 
if items evtd since ,ast record 1/0 • 0 
";ghest nest4nQ's une.hausted ~roup rep 
count 
highest nesting's in1t4a' group rep count 
cur~ent g~oUp reDeat count 
ptr to lo~est nesting's ( in f~t st~t 
ot~ to hiqhest nest.n9's ( in fmt st~t 
current nesting level 
ptr to eurrent ~osition in fmt stmt 

5,3.3 Unformattea 1/0 Stacic (IOUSTt< 1 wo .. d add..-essed 
by R5) 
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o • not ft~st or last segment 
1 • first seQment 
2 • 'ast seg~ent 
3 • first and last segment 
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5.3.4 Random lIn Stack (IORSTK 3 words ~ddresse~ by 
~5) 

RECMAX number of records in fi'e 
LENMAX number of bytes remaininq in t~;s block 
AVADDR adaress of assoc;ated variable 

5.4 Error P~oeess4nq Tables 

For t~e ~uroose of m~nimtzing eore usa~e, e~ro~s will 
be divide into classes OM tke baSis of functiona' st~i­
'arityCe.g. Ar1th checks, fUMCtioM errors, reeoverable 
1/0 errors, unrecoverable I/O errors, etc) eac~ class 
of error will ~ave an assoc;8ted maximum al'owed occur­
rence before termination count Which ~ay be ove~r~dden 
by calling SETERR .The text for each e~ror messaae wil' 
be in a contiguous file on a d;sk, If t~;s file ;s not 
cresent, Just a message number will be 10goed. 

T~e global name SERRe o04nts to WORD 1 of the fi~st er­
ro~ class. The preceeding word (JERRC-2) Contains a 
count 01 the number of error classes, Each entrY ;s of 
tne form: 

WORD 1 

WORD 2 
WORD :3 

wO~D 4 

number of messa~es in this e'ass/lo~1eal re­
cord number of first meSS8Qe of class in 
fne 
transfer address 
max allowed occurre~ee count 

- 00$ • log mag u,.,t i 1 max 
e • log msg and iq,.,ore 
.1 • ig~ore errorCno 'o~) 
-2 • exit w;t~out 10gg;ng 
.j • immediate ~un abOrt 
actua' count Cif word 3 pos) 

T~e error class table also co~t8;ns ~ bytp. vector 
$ERRF,initfalized to 0'5, T~e I'tn byte is set to 1 by 

o 
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t~e e~ror routine ~ERR o~ any oceurre~ce of en error 01 
class I, ;ndepe~dent'y of any other error ect40n taken, 
This byte may be tested and cleared by t~e 
user-callable subroutine TSTERR. 

Si~ce it ;8 desired that t~e soph4sticated user be al­
lowed to alter what occurs after mes~a~e logqing, a 
transfer address is provided. FOr e.e~ er~or ~essage 
elass wORD 2 is t~e address to which control wi', be 
passed after messe~e log~;ng. T~e default is to qTS 
~5. T~1s ;mplies that the routine w~;eh called error 
wi" be responsible for a~y 1urt~er process;ng, 
Control ;s passed ;n such a way t~at it appears that 
error was not in the calling path. 

Th;s section contains globel run ;nfor~at;on w~;ch fs 
not logically a part of any other section. I~ the 
~SX·11B-C version of the OTS, these tas~Mspec4fie ad­
dresses are obtained throuqh the monitor ea11 EMT 42. 

a~dress 
address 
address 
SNAMe 
SSEQC 
SEX~w 

e 
1 
2 
J 

of $DEVTB 
of SIOBUF 
of SEqRC 

addr of end of SUbroutine traceback che;n 
value of current internal se~uenee number 
value for EXIT rout;~e 

• user e~l' 
• errors have ocurre1 tMis run 
• a~ error has reached it max allowed count 
• an error w~ose max a'low count word 4s ·2 "as 

called E~IT 

~EPRWK 14 bytes of work area. USed hy SERR if t~e mes. 
saQe file is not available. also used by !IOSET to 
create the logical dataset name fo~ each device. 

5,6 Fortran ~isti"g Device Tahle 

$FLDEV • is a user modifiahle table w~fch def."es For­
tra" listing deviees at the cost of one word per 
entry, T~e device names are oacked in RAD50, T~e 
current table contains the devices LP, K8 and TT. 
T~e list 1s term1nitated by a zero entry. 
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It is used bv !l~FR to deterime if a devfce f5 a ppf~t· 
11'1g device, 

f 

o 
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6,0 INPU1/OUTPUT 

T~ere Will de T~~ee 1/0 Pack~ges: 

a) Formatted 
b) Unfol"lI'!atted 
c) ~a"'do," access 

6.1.1 Fo~matted 1/0 

The formatted 1/0 l"out11"1es wi" tl"ltel"act w.th the ob­
Jeet cOde at thr~e e"try points: 

1) I,.,it1alize I/0,transm4t unit a,.,d format .nfOl"ma­
tio,", 

2) T~al"lsm1t/rece;ve data 
J) Cloae out cUl"rent record 

6.1.2 U~fo~matted 1/0 

The u,.,fo~m.tted 1/0 routines w;" ;ntel"aet with t~e ob­
Ject cooe at three e~try points: 

1) Il"I1t;alize 1/0. al"ld transmit unit ;nfol"mat1o". 
2) Transmit/rece;ve data items. 
3) Close out CUl"rel"lt reeord 

The Ra"OOm access 1/0 routines wi1l i~te~aet with the 
object code at foul" entry Do4~ts. 

1) PosHiol"! the specified f11e at the indicated ,.e-
cord. 

2) Verify tl'lat the oroper record of t~e file 1 s eos;-
t;oneo al"!d 4",4t;a,4ze liD, 

J) Transmit/rece;ve data it erllS, 
4) Close out the eurrent ~eeol"d. 

6,2 1/0 Handlers 
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.,, 4"~ut aMd output will be aecomDlis~erl throug~ ~OM'· 
to~ ce,'., but b'ockiMc 8Md deb'oek;~g m~y be do"e i~ 
the object time routi"es • 

All I/O will be 81Mg1e buffered (us;~g iIOBUF) A wait 
wi" be issued afte~ e8C~ 1/0 request ~nd e.ecutio~ 
w41, be luscended until the I/O comoletes. T~us a" 
errors w~1ch returM throuoh the ERR- retur" wi" be 
precise. 

There w;11 be e oeckage to ~a"dle Mo"data operet4ons • 
eg BACKSPACE, ~EWIND, ENDFILE, 

1/0 ~1" be dev~ee independeMt so that t~e user maY do 
1oQ1ca' asS1gMments at run time us;nq ~on.tor SASSIGN 
eommands or by eal1~ng t~e 'SETFIL' su~rout1ne. 
However, ;R the absence of 8 $ASSIGN certain defaults 
are assumed eSee Section 5.1.4). 

The speeia' device -3 is assumed to be the messa~e loge 
ofng deviee. Therefore;t must be ava;1able for for­
Mattea ASCII outout ~hen requ'red. The uSer may modify 
the default 10gginq device number by re-assembliM9 
SOEYT6. 

The "umber of Fortran unit numbers is not ';m1te~, but 
1n order to use numbers greater than e;qht the Fortran 
device tab'e must be expanded. 

The 10Q;ea' dataset "a~e used fo~ Fo~t~aM devices w;" 
eorrespo"o to t"e un4t number, except for tne er~or 
'oog1~g data set t10qiea1 data set na~e • CMO) 

, 
0.

1 ,. 

t 

o 
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Fo~~atted inout wil' read 'formatt~d ASCII' ~eeords us. 
~n~ t~e .OPENI and t~e ,READ ~on1tor ~acros(all fi'e 
structures w~ic" OPENI SUPDo~tS Will be a"owed). T~e 
ma~i~um 'en~th fnDut reeord allowed 1s t33 cnaracters. 
Lo"ger ~ecords wi', be truneated wit"out diagnostic, 
s"orte~ reco~ds will be oadded wit~ b'anks after de'et­
ino tne '.st c~aracter (LF, FF, VT) and t"~ second to 
'ast c~aracter if it ;1 a CR. 

6,5.2 Formatted Outout 

For~atted out out will write 'formatted ASCII' records 
using t~e lOPENO or ,OPENC and tne ,WRITE monitor ma. 
cros(a" f1,e structures w~1en .OpENO or .OPENC suoport 
wil' be a"owed). T"e max1mym lengt~ output record al­
lowed 4s 133 c~8raeters. If t"e output device 11 not a 
Fortran lfsting deviee , a CR and a LF wi" be appended 
to t"e end of tne record. If t~e output ~eviee is a 
Fort~an listing device a CR,VT 11 appended to t~e end 
of eacn record and t~e first Character of eecn record 
1s interpreted as a line soae1ng command. 

6,5,3 Unfo~matted Input 

Unformatted inout will read 'for~atted binary' records 
us1nq t"e .OPENI and t~e ,READ monitor macros, there 
1. no maximum reco~d size, RecordS w;l' be inPut in 
leoments of uo to 63 words lengt~ w~e~e t~e first word 
of each segment 1s a control worde 0 anot first or last 
segment, t-first segment, 2 a 'a.t .e~ment,3afir.t and 
'alt segment), 

6,5.4 Unformatted Out out 

Unformatted output will write 'fo~matted b.narv' ~.­
co~ds using the .OPENO or .OPENC _"d ,~RITE mo~.to~ ~a­
eros. Reco~ds a"d segme~tl same as fo~ unformatted ~n· 
cut. 
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Ra"dom ;"~ut/out~ut w;11 read/write b;"a~y reco~ds us· 
4"Q t~e ,OPE~U and the .BLOCK monitor .ae~os( eont1qu· 
oua f;les O"'y). Record lenqth 1s limited to 32767 
bytes, Random I/O w1l1 determi"e t~e bloe k number and 
tMe displacement to the orocer reco~d from t~e use~s 
DEFINE FILE statement a"d t~e I/O state~e"t's reeo~d 
"umbe~. 

NOTE. 4t ;s reauired that the blocks4ze for a dev4ce 
eo"taining a ra"dom aceess file be a ~ower of two. 

7.~ LANGUAGE 

The 'anguaqe to be se~vieed ~as been ,pecff;ed in 
130.309.001. 

8,0 COMMANO LANGUAGE AND STRUCTURE 

N/A 

o 

0; 
-
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The co~p'ete, cu~re"t orocedure fo~ outt~nathe nTS 0" 

8 sYstem is fully documented 4" eurrent version, of 
Getting FORTRAN on the A;~, DEC-l1-LFOAA-A-O. 

The Fortran co~p41er generates t~e necels.~y globals 
for t~e 1/0 eonversion routines 'DCI, $OCO, $ICI, 1ICO, 
'LeI and SLeO, Any routine, not neerled fOr the speeif· 
ic Fortran orog~a~ ~;" be satisf4ed by t~e dummy rou. 
tines which fo"ow SFIO 1" the,1brary. 

Wh~n creatinQ core l1b~ar1es the conversion routines 
necessary for ~roqram execution must be ;neluded in the 
resident section. I.E. it 1s not poss1bl~ to link e 
specific conversion routine to a non reSident section, 
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~n general, functions whic~ ca" be added as ent~y 00. 
;~t. into other functions w.t~oUt s1gnj~.cantly ;nc~e­
.s4~g space ~eaui~ement. will be so combined. It ;s 
assumed t~at t~~ '1~kinQ loade~ will be cepable 01 ~e­
solving all explicit u.e~ function and subroutine ~e. 
auelts, 8S well 8S reauests imp1ied by t~em, by a 
se8rc~ of the OT5 librarY, To fac.l';tate dummy refe~­
ences to certain ~out1"es wh1c~ may not be used i" 8 
particular run, it ;s furt~e~ assumed t~~t the library 
is searched in a oredictable order an~ that the com­
piler will flag references to eac~ typ~ of format 
conversion used in tMe run. 

10.1 Arithmetic Pac~age 

The routines 1" this section are called in accordance 
with t~e conve"ti~ns listed in section 4.8 of 
130-009-001, A11 rout'nes a~e pOsition ~ndeaendent ex-

o 

ceDt a8 ~oted, In general, OT5 routines fail to be 00· 0--_ 
sition-independent primarily because t~ey conte;n Po'- -
11~ ca11s (address constants), 

Type conversions among a" data types are supported. 
The conversion routine nemes a~e of the form SXvr 'XV 
converts an item of type X on toP of the stack to an 
item of tyae Y on too of t~e stac~. 

Th45 section consists of t~e fol'owing'r~utines: 

SIR f10at the. intege~ on t~e top of t~e stack. (32 
word,) 

SI~ entry fnto SIR wMic~ first moves t~e a~~ument down 
two words (filling in wit~ ze~os) before executing 
the SIR code. 

SIC inteQer to com~lex conve~sion, Same e~try pOint as 
SID. 

lOR DUt t~e ~igh order words of t~e doub'e Drecisio" 
Qua n it1v on the top of t~e staCk rOU"ding to rea' 
format. Call SERR if eXDonent overflow. (21 
words) 

• 

IRO apDend a double word of zeros to the real Quantity c:> 
on the tOD of t~e staek, (9 words) 

SRI truncate and fix the real number of t~e tOD of t~e 
stack. Call SERR if result is outside t~e range 
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$oI entry into SPI W";Ch ~oves tl'le ar~u~e~t uo the 
steck two words (d.scerdiM~ the 10~ orde~ oart) 
Before execut1n~ the $RI eode. 

$I~ iMtege~ to byte cOMvers;on, clea~s the byte et 
1(5P) and returns. (3 words, 

$B1 byte to inte~er cOMvers;on, s;gn·e~teMds t"e byte 
on toP of t"e stack to ~n ;nteger qua"t4tv, 

$BL sa~e entry as ~BI. does byte to logica' eo~ver. 
840M. 

$LB seme e~try as ~IB, does logica' to byte eonver­
s;on. 

$AOR replace the two rea' Mu~bers on 
,tack with their su~. ~o codes 
$ERR on expone~t overflow or 
words) 

tl'l" too of 
w1'l be set. 

unrle,.flow. 

tl'le 
Call 
(176 

$SBR entry ;n SADR whieh negates the number on too of 
the stack before d01n~ the add. 

$ADD replace the two double precision numbers on the 
top of tl'le stack with tl'leir sum, No codes wi" be 
set. Call SERR on exponent overflow or uMderflow, 
(290 wo"ds) 

'5Bo entry 1M SADO which negates the numbe,. on t"e top 
of the stack befo,.e doing the add. 

$ADl replace t"e two integer Mubers OM the top of 
stack with their sum, No COdes w~l' be set, 
SERR on overflow, (6 words) 

t"'e 
Call 

'591 replace t"e two integer number. on the top of the 
stack with tl'le;r difference, (2 words) 

$AOC replace t"e two complex numbers on the too of the 
stack with their sum, Uses $AOR to comoute (4 + 
BIl + (C + 01), This routf~e;s poSition depe~~ 
dent, (44 words) 

$56C entry ;~ SADC w";eh ~~gates the numbe~ on t~e too 
of the 9tac~ before doing the add. 

SAoa reclaee t~e two byte Quant;ties o~ top of t~e 
stack w;t~ t~e;r sum, T~e addition 4s do~e us~~~ 
integer aritMmet;eJ no byte overflow indications 
are given, 
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ssea e"try fn SADB w"ich negatel t~e byte 0" top of t~e 
stack before dOing t~e addition. 

SCMR eOmpa~e cor~espondi~g wo~dl of th~ two 4te~s 0" 
t~e stack u~tfl 8 ~fsmate~ il found (if one e~­
ists). Clear t~e stac~ and retur" t~e Z a"d N 
c~oes defined in 13~.309-001 section 3.1.2.2, (23 
words) 

SC~D t"fs i, t~e same as SCMR except tnat the ite~s a~. 
double orecision, (31 wo~ds) 

SCMI t"1s is t~e same as SC~R e~eept t~at t~e items a~e 
f"tager. (2 wO~ds) 

SCMB compares two a-bit byte Quantft;es (5 words). 

SCMC compares two complex Quantities, OnlY t~e Z bit 
return code fs set, since eom~le~ Quantities may 
only be comeared for .EQ. and ,NE. 

STSR test and flu,~ the ~eal "umbe~ on toP of the stack 
and ~eturn to 'CR4) If it is negative, '(R4+2) If 
zero, a"d '(H4+4) If oos;t1ve. C14 words) 

STSD e"try 1" STSR for double precfs;o". 

'TSI entry i" STSR for intege~. 

SMLB multiply two byte Quant4t;es on top of t~e stac~. 
S1g"-e~tends bytes to 1nteqers and Jumps to 'MLI. 
no er~or indications ~1ven On byte overflow. 

SMLI replace the two integers on the top of t~e stack 
with t~ef~ p~oduet. Call SERR ;f the re'ult fs 
not in tne range -2**15-1 to 2**15-t,(56 words) 

!MLR replace tne two real "u~bers on the top of th~ 
staek ~fth the;~ product. Cal' SERR on e.ponent 
overflow or u~derflow. (115 wo~ds) 

'MLO replace the two double orecis~on "u~be~s 0" the 
top of tne stack with t~e1r p~oduct. Call 'ERR 0" 
exponent overflow or un~erf'o~. C2~4 words' 

SMLC replace the 
,tack with 
SSBR. This 
words) 

two comole~ numbers 0" the toe of tne 
their product. Uses 'MLR, $ADR, 8"d 

routi"e is position dePendent. (64 

sove d4vide two byte Quantities 0" top of the stack. 
S4g"-extends bytes to integers and Ju~es to IDVI, 
"0 error indfcation, giVen 0" byte overflow. 

o 

o 

• 

o 



c 

C . .4 

.. 

• 

POP-i1 Fo~tran Object T~me System, 130_311-~0'-.09 
1~. P~vs1e.l Description .~d Orga~;zat10~ 

PAGE 2'1 

$DVI replace the two integers on t~e top of t~e st.c~ 
wit~ t~e inte~er part of the ouot.e~t of the top 
staek item divided into t~e second item. A zero 
divisor wi" result in ~ ca" to 'ERR. (43 words' 

'DVR replace the two rea' numberS on the top of t"e 
stae~ w1t~ their ~uot1ent (second/top), A zero 
divisor, expone~t overflow Or underflow result in 
• cal' to SfRR, (139 words) 

replace t~e two double orecis1on numbers on the 
top of t~e stack with their Quotient, ~ zero div­
.sor, e~ponent overflow or underflow ~esult in a 
cal' to SERR, (222 words) 

$DVC re~'ace t~e two complex numbers on the top of the 
stack with their Quotient, Uses $~OR, SSBR, $MLR 
and SDVR. This routine is position depen~ent, 
(130 wOl"ds) 

$NGI negate the inteqel" item on the too of Ule staek, 
e al 1 $ER~ if resuh ; s 1~HHH"0 oetal, (12 words) 

'NGR el''\trV i~ $NGI for rea 1 • 

$NGD e1"\t,.y ; '" $NGI for double oree4s10n, 

$NGB e1"\tl"Y in $NGI fol" bytes. 

$NGC entry il"l $NGI fol" comole~, 

10.2.1 .bsolute Value 

These routines are ca"ed ;n aCCOrdance with the con­
ventions listed 4" section 4.7 of 130-009-001. al' 
routines ;1"1 this section with the exceotion of CABS are 
oos;t~on ;"depe~dent. 

lABS put t~e twos eo~pleme~t abso1ute valu~ of t~e ar­
gume1"\t in R0. 1000~0 octal results 11"\ a ca" to 
$ERR. (10 words) 

ASS out t~e ~eal 8l"gume"t w;t~ s;g~ bit set to zero ;" 
R0,R1. (8 words) 
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OA9S put the double orec.s~o~ a~Qu~e"t with the S;gM 
bit set to le~o in R0-R3. (1~ words) 

CABS put the absolute value of the como'~x argUmeMt ;n 
R0.R3. Uses $OVR, $ML~, SAOR, $FCALL en~ SQ~T. 
(74 words) 

These rout~Mes traMsfer the s1~n of the second ergu~ent 
to the first argument. 

These rout;Me; are called 4n accordance with the COM­
ventions listed in section 4.7 of 13~-~09-001. A" 
routiMes in this seet10M are position in~eoendent. 

tSIGN put the twos complement absolute value of the 
first 1nte~er argument 1n R0 aMd comolement it if 
the second argument is negative, Cel' $ERR 1f 
f~rst ar~ument is 10~0~0 octal, (14 words) 

SIGN put the first argUmeMt ~ith its sign bit set to 
agree with the sign of the secoMrl argument ;n 
R0,R1. Cl1 wordS) 

DstGN put the first (double preCision) Argum~Mt with 
its 5;gM bit set to aQree with the s;on of the 
second argument in R~-R3. (1S words) 

10.2.3 Type Conversion 

These routines are the Fortran tyoe co~vers;on fu~c­
tions, 

These routines are called in 8ccorda~ce wit~ t~e con­
ve~tio"s listed in seet10~ 4,7 of 13~-~09-~01. A1' 
routines .~ this section wit~ the e~eePt;on of AIN1, 
5NGL and OBlE a~e oos1tion d~pe~dent. 

AINT truncate t~e real argument to an 4nte~er and out 
it in R0,Rl. (39 words) 

tNT use SRI and ~etu~n resutt in R0, Cl1 wo~ds) 

0'.1.·. f 

• 

• 

tOINT entry in I~T, c:J 
If IX truncate tMe real argument us;n~ SRI. EQuivalent 

to INT. Return result in R0. (11 words) 
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FLOAT use $IR 8"d return t~e result 4" R~,~l. (8 ~ordl 
) 

SNGL put t~e fir!t two words of t~e arQu~e~t 1" R0,~1. 
Ca" $ERR if expo~e~t overflow o~rou"d. (15 
~o~ds) 

nBLE put the argument i~ R~,Rl a"d zero ~2 and R3. (7 
WO~dS) 

These rout.~es are ca'led in accorda~ce ~it~ the eo"­
ve~t10ns listed in sectio~ 4.7 0+ t3~·~09-~0t. All 
routines i~ t~1s section are pos.tfo~ deee~dent. 

MOD us1n~ SOVI a~d $~LI comoute ARG1-(ARG1/ARG2,*ARG2 
a~d retur~ tne results in R~. (16 ~ords) 

AMOO form 8 rea' integer Q-(ARG1/.~G2) Using $DVR 
AI~T. Form a rea', P.O*ARG2, us1"~ SMLR. 
the result R-ARG1-P usf~~ $SBR and return t~e 
sult 1~ R0,Rl. (23 words) 

OMOO t~;s routine ;1 the same as AMOD exeect that the 
double preCision routines 'DVD, ~MlD, !SBO, end 
$OINT are used, Results are r~tur~erl ;n R~-R3. 
(31 wo~ds) 

These routines perfo~m positive differencing for in­
te~er and real arguments, 

These routines are called 4n accordance w1t~ the eon­
verntions listed in section 4,7 of t3~.~09-~01. Al' 
routines ;n this section wft~ t~e exceotio~ 0+ 1DIM a~e 
posit;on deoe~dent. 

101M retur" ARG1-ARG2 in H~ if it is oositive, ot~er­
wise ret~rn~. Ca'1 $ERR if overflow occurs, (12 
words) 

DI~ form ARG1-ARG2 using SSBR. Return it 41 it is 00· 
s4t~veJ ot~e~~ise retur~ zero. (21 words) 
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T~ele ~outines lea~c~ a variable 'en~t" ar~u~ent str1n~ 
end select t~e minimum or maximum value encountered, 

T~ese routines a~e called ;n accordance ~;t~ t~e eon­
vent40ns '4sted ;1"1 seetion 4.7 of 13~-~09-~01. Al' 
routines in t~.s section wit~ t~e e_eeot;on of MIN~ and 
MAX0 are position decendent. 

MIN0 use n-1 comca~;sons to determine tMe minimal ar~u­
mente (9 words) 

AMIN0 use n-1 eo mp8r;sons 8nry $IR. Retur~ the result 
fn R0,R1. (22 words) 

AMIN1 use n-1 calls to $CMR to determine t~e minima' 
argument and return it in R0,Rl. (58 words) 

~I~i entry into AMINl w~ic" uses $RI to fix tke fina' 
result and returns ;t in R0. 

DHIN1 use n-1 calls to SCMO to determine t~e ~in;mal 
argument and return it ;~ R0-R3. C4~ words) 

MAX0 corresconds to MIN~ except t"at the comparisons 
are made to determine t~e ma_;ma' ~r~ument. (9 
1010"(9) 

AMAX0 e'"'trY ; n AMIN0. corresponds to AMIN?' exceot t~at 
tl'te comparisons are made to dete,.m;ne tMe max."'a' 
arqulTlent. 

AMAX1 entry in AMINi. cor"esponds to AMIN1 exceot tMat 
the comcarisons are made to determinp. the max;",a' 
ar(7u"lent. 

MAlti entry in AMINt. cOl"resco~ds to MINt exc~pt ti-lat 
the comJ:)arisons are made to determ;I'1", the m8x;",a' 
arqument. 

DMAXl entry in DMIN1. eorresJ:)ond9 to "MIN1 exeeat t"8t 
tl'le cO,,"Qartsons are !TIade to deterlTline t~e 'rIax;ma' 
ar~ume!"lt. 

10.2.7 Random Numbel"s 

This funetion ~enerates pseudo-rando", numbers un­
iformlY distributed between 0.0 and 1,~J t~e su­
brout;ne uses a co~gruentfa, rando",-number algor-

0",'.) 
~ 

o 
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1t~m. It 4s called ;n accordance wft~ the con­
vention' l4sted 4" section 4.7 of lJ~-009-001 and 
;s positio" 4nde~endent, 

It fs called wit~ tw~ arou~e"tsz 

where 11, 12 ;s t~e inte~er ge"er~tor bese for 
this cal' ana must be zero fo~ the initia' cal'. 
T~e real pseudo·~andom result wfl' be ~etu~ned 4n 
~0,Rl, 

Ii and I2 w;l, be updated to a new aener~to~ bese dur-
4no eac~ call and ~av be saved bv the uSer at anv po­
int. 

AMV such saved b~se ~av be sto~ed in 11 ~nd 12 at any 
tfme to cause t~e pseudo-randOm seque"ce to begin at 
the po1nt w~e~e Ii a~d 12 were saved, 

These numbers have a special form ~oweve~, and on'v 
zero or saved values of 11, 12 Should be stored ;n tl, 
12. 

(45 woras) 

An alternate random number subrout4ne RA~DU 4s orov;d­
ed. It is called with three arguments: 

11 and 12 are as for RAN, an~ F fs a ~ea' va~1able, 
The ~ea' pseudo-~andom result 1s returned 4n F, t~e a'­
~or1t~m used is the same as that for RAN. 

C48 wordS) 

T~4s section wi" consist of t~e fol'ow1~g rout;nesl 

These routines compute real, double precision and com­
o'e~ sines and eos1nes. 
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Tl'le !"outfnes 
witI'! tl'le 
13~-C(Ho9-001. 
deD.~dent. 

in this section a~e ca"ed in .cco~dance 
conventions listed in set;~n 4.7 of 

A,1 ~out4nes in t~fl sectton a~e Dosit40n 

SIN ~educe t~e ~eal argu~ent to be i" t~e ~anqe 
C-PI/2,+PI/2) ~ad1ans and eXDand it 4n ~ DOWel" 
series to p~oduee a real va'ue fo~ SYNCw). (see 
Hastings, Dage 14e) Uses 'lOR, $~LR, $SB~, $OVR 
and SI~TR. (11~ WQROS,FPU.6e) 

cos Ule SIN wit~ tl'le a~Qument increased hv PI/2 ~adf­
ans. 

CSIN this ;s the same as SIN ewceDt tl'lat double Dreef-
I;on fs used. (see Ha~t, pa~e '-36J Uses 'ADO, 
SMLO, SSBD, SDVD and $DINT.C1B4 WQRDS,FPUage) 

DC OS tl'l;s 4s tl'!e same as COS except that double D~ec;. 
s;o" ;s used. 

earN complex sine, Uses SIN, COS, EXP, SFC4Ll, tADR, 
SSBR, SDVR and $MLR. 

(122 wo rds) 

ecos entry in CSIN. Co~",utes eO~Dl~x eosine. 

These ~out;nes comDute a~ct.ngents for ~ea' and double 
Drecision argu~e~ts. 

Tl'le I"out;nes 
witI'! tl'!e 
13~-009-~r01. 
deoendent, 

;n tl'!;s section are ea"ed ;n aeeo~dance 
conventions 'fsted iM set;on 4,1 of 

All routines in this section are positto" 

ATAN reduce t~e ~eal a~gument to be 1n the ra"Qe (0,1) 
and eXDand in a power series to be t~ansformed 
into ARCTAN(lC) ;n real for",at, Uses SADR, S"1LR 
and SDVR, (215 wo~ds,FPU.115) 

ATAN2 entry into ATAN, If t~e magnitude of ARG1/ARG2 
wi', be > 2**24 (or ARG2 is 0) T~e ",aQ";tude of 

o 

o 

t~e result will be PI/2. Othp.rwise se~d 0 
ARG1/ARG2 to ATAN. 

DATAN t~4s is the same as ATAN e~cept that double Dre­
cisio" is used. Uses $ADD, SSBO, SMLD end 'OVD, 
(361 WORDS, FPIJ a 153) 



c 

c 

POP-i1 Fo~tra~ Object Time System, 130_311.~02.0g 
10. P~vsieal Oeser4ptio~ a~d O~ga~izat40~ 

DATAN2 e"trv t"to nATAN, If t~e magf'litu1e of ARG1/A~G2 
will be > 2**56 (or ARG2 is 0) Tke mag"4tude of 
tne result w;ll be Pl/2. Ot~erw4se le"d 
ARGI/ARG2 to nAT AN. 

10.3.3 Sauare Roots 

T~ese rout~nes take real, dOUble ~recis;o" a"d complex 
sQuare roots. 

T~e routines ;" tnis sect;o" are called ;" aecorda"ee 
w;t~ tne co"ve"t;ol"ls listed 11"1 setton 4.1 01 
13~-~09-~~1. All rout;"es 1" t~;s seet;~~ a~e position 
deoe"def'lt, 

SQRT form 8f'1 i"itial estimate based 0" a 
use a Newton-Raonsof'l iteration to 
root result, Uses $ADR a"d $OVR. 
tne argume"t is 'ess than 
words,FPUa34) 

1;l"Il!ar 1ft af'ld 
develoo s~uare 
Call 'ERR 1f 

zel"O, (47 

DSQRT t~1s 1s the same as SQRT except tn~t double ore­
e;s;of'l ;s used. Uses $ADD and snvn, Call SERR 
;f t~e argume"t is less tna" zer~. (69 
words,FPUa43) 

CSQRT complex square root. Uses CABS, $FCALL, lADR, 
SQRT and SOVR. Call $ERR 01"1 u"derflow, 

(74 words) 

10.3.4 Powers 

T~ese rout;"es "8"dle all exoo"e"tfatiol"l. 

Tne routines 
da~ee wit'" 
130-009.001. 
dal"lce witJo, 
13~""'09.001. 

EXP, 
the 

All 
tlole 

DEXP 81"1d CEXP 8~e ca"erl i~ aecor. 
conventio~s listeo in s~ct.on 4.7 of 
otner routines are called in eceor­
eo"ventions listed in sect.o~ 4.8 of 

Al' routines in t~;s section are oosit;o" deoendent, 

EXP use e**x.2**;(x*loq2Ce»)*e**v, Exoand ~XP(v) In 8 

cont;nued frect;o~, scele bv .(x*'o~2(e' An~ re­
turn result in ~0,Rl. Use 'ADR, 'DvR~ 'IR, !MLR, 
$RI al"ld SSBR, Cel' $E~R ;1 exponent ;s not in t~e 
r8nqe -88.7 to ~e.7. (117 words,FPU-72) 
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DEXP same as EXP e~cePt tMat t"e double orecisio" rou. 
tf"es SADD, SDVO, SID, SMLO, S~I 8"d $SBD a~e 
used, (210 woros,FPU-110) 

CEXP complex e.oote"tial. 
$SBR, COS 8"d $~LC. 

(36 words) 

$PWII use SM~I e~ponent t;~e~. I"teQer e~oo"e"t (F) ;s 
'SP. Inteoer base (B) ;s at 2(SP). Replaces t~e 
w;t~ i"teger result of 8**E. Call SERQ if base 
equals zero and ex~o"e"t fs less t~a" or equ~l to 
zero, Retur" J ;f exponent ;s less the" 0. (64 
words,EIS.48) 

$PWkI use $M~R to do successive squar'"Qs and mult;pl •• 
cations by t~e base. Use $OVR ;f expo"e"t ;s 
less tna" zero. Call $ERR if base equals zero 
and exconent is less tn8" o~ equal to Zero, (89 
words,FPU-36) 

$PWDI same as $PWRI except t~at $MLO and SOVO ere used. 
(129 words,FPU=36) 

$PWCI same as $PWDI except t~at $MLC 8"d sove are used. 
(129 words) 

'PWRR to raise a real to a rea' power c8" ALOG, $MLR, 
a"d EXP. Use SFCALl to call ALOG a"d EXP. Cal' 
$~RR if base ;s less t~a" Or equal to zero 8"d 
t~e expontent ;S "ot e~ual to ze~o. (57 worris) 

SPWDD to raise a double to a dOUble oowe~ use DLOG, 
$HLO, and DEXP. Use SFCALL to eall OLOG 9"d 
DEXP. Cal' !ERR if base ;s less t~a" or eou~' to 
ze~o and the expo~e~t is ~ot p.Qual to zero. (86 
words) 

5PWRD entry i~to $PWDD. App~~d a dOuble word of ~ to 
tMe base before oo;ng to $PwOD. 

~PWDR e"try into SPWDO. Aop~~d a double word of 0 to 
tne e~oo"e~t before Qoi~o to SPWOO. 

10.3.5 Logaritnms 

0:'··' , ' 

These routi~es compute natural a"d com~o" looarft~ms of c:; 
rea" double preeisio" a~d comolex qua~tit.es. ' ~' 

T~e rout4nes i~ this section are called 
w;tn t~e conventions listed in 

i~ accorda~ce 
setion 4.7 of 
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1J~·J09.A01 •• ,1 routines in t~is section are position 
dependent. 

4~OG e_pand fractional part 4n ar~ume"t in e~ebys~ev 
polynom4el end add In(2)*e_ponent p~rtof a~~ument 
to form result. Cal' SERR if argument i! less 
t~an or eoua' to lero. Uses SAnR, 'DVR, lSeR, 
$M~R and SIR, (120 words,FPU-59) 

O~OG same as A~OG e_cept t~at dOUble preeision 1s used. 
Uses SAOD. SnVD, 'SBD, SM~O a~d SID. (192 
words,FPU-89) 

C~OG tMe comPlex logar;tk~ function, Uses ArAN2, CA~S, 
SFCALL end A~OG. 

(38 words) 

10.4 INPUT/OUTPUT CONVERSION ROUTINES 

10.4.1 1/0 lMit4a1fzat;on Rout4nes 

10.4.1.1 Formatt~d I/O 

$IOFI ~as two entrY oo1nts.C27 WOrds) 

$INfI 

$QUTFl 

Set IOS~ for input, Set IQAOD~ to SFIO. Set 10-
TAOR to $INFR. Tken ca" S10FI1 to complete tMe 
allocation of IOPSTK. Upon retu~n allocate 
IOFSTK and eall S!OFl' to read t~e first reco~d, 
set inout buffer po;nters and return to caller. 

Set IOS~ for output. Set lOADDR to $FIO. Set 
!OTADR to $OUTFW. T~en cal' SlOFI1 to eomolete 
t~e allocation of IOPSTK. Uoon return allocate 
IOF5TK and call SIOFI3 to init;alize outcut, set 
output buffer pointers and returM to caller. 
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10.4.1.2 Unformatted 1/0 

SIOUI ~as two entrY ooints.(32 words) 
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Sa~e as iINFI esc8pt 10ADOR 49 set to SUlO, IQTADR 
is set to SINR and !QUSTK fs a"oeated, 

$OUTl - in;tia'ile unfor~atted out out 

Same as SCUTFI exeeot IOADDR is set t~ $UIO, 10-
TADR is set to $OUT~ and IOUSTK ;s al'ocated. 

SlORl has two entry points.(28 wOrds) 

SINRI ~ in4t4alize random input 

Same as $INfI exeeot IOADDR is set to SPIO, yO­
TAOR ;s set to $INPR and IORSTK ;s allocated. 

~OUTRl • ;n;t;a'ize random out out 

Same as $QUTFI exceot lOADDR is set to !RI~, 10-
TADR is set to $OUTRW and IORSTK ;s alloeated, 

SIOr. ca',ed to do 1/0 fin~14zation saves R4 and ad~ 
dress 1/0 staeles then JUI'l'lPS to InFn, SlOUD or 
!!QRD (71 words) 

10.4.2.1 Formatted 1/0 

lOFO. entry ;n !lOF. calls SFIQ with no more 4tems to 
process upon return free staek soaee and return 
via JMP '(R4)+ 

10.4.2.2 Unformatted 1/0 

SIOUD - 41 input, call SINR to flus~ t~e rest of the 
segl'l'lents of the record, if outeut, f4nalize and 
eall $OUTW to out out tne last se~mp.nt. Jumo to 

0, 
'. \ /' 

o 
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SIOFX to free stack scaee a"d retur~. (17 words) 

1~.4.2.3 Ra"do~ 1/0 

$IORD - ;f outcut, pad rest of Se~ment(s) wit~ zero. 
cell SOUTRW to do outcut. ;f inDut, ;Qnore t~e 
rest of t~e s~g~e"tCs), set associated variable 
ana Jump to $I~FX to free stack scace and return. 
(25 words) 

$fIO if 4nitial call insure thet first c"araeter;s (. 
initialize scan of format and go to LPA~N, else go 
to plaee of last exit (REENT), 

NOTEI formats must be c~.raeter str;n~s beg;"n;np 
w;t~ a C and endi~g witM a). Therefore, if a 
read in format ;s to be used, t~e user must take 
cere to insure that eaen e~aracter ;s read into 
t~e next byte of t~e arraY with no paps between 
Ceg readinQ a format ;"to array I wnen I ;s 8 two 
word integer array will not work orop~r'y.) 

NOTE alsol it ;5 t~e format scee4fieat;0" Which 
gover"s co"vers;ons, T~e 1te~ type ;s not Cheeked 
for comcatib1'ity except in t~e eaSe of A conver­
S;O"_ (see SIC_, SOCA) 

SCAN accumulate any sig"ed number and return to ca 1ler. 

FCONT insure t~8t "ext character ;s , T I ) or '. if 
so go to COMMA, TSPEC, SLASH, RPARN, QUOTE. 
otherwise go to BADSYN. 

FCCNTl • ~nsure that next fO~m8t e~ar8eter ;5 , ) ( I ' 
A D E F G ~ I LOP T or X. 11 so go to COMMA, 
RPA~N, LPARN, SLASH, ~UOTE, ASPEC, D~PEC, ESPEC, 
FSPEC, GSPFD, HSPEC, ISPEC, LSEPC, OSPEC, PFACT, 
TSPEC, XSPEC. otherw~se QO to ~ADSVN. 

FCONT2 • sa~e as FCONTl exceot , a"d ( are not allowed. 

CO~MA • insure tMat "0 numeric preceeded, 
a"d go to FCONT2. 
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PF.CT • 1nsure t~at "umer;c ~receeded. Save numbe~ as 
P scale. Call SCAN a~d go to FCO~Tl. 

TSPEC • Insure t~at ~o ~umer.e preceeded, Cal' SCAN. 
Set record pointer to pos;t40~ specified, c~ecking 
t~at it is in record bounds, Go to FCONT. 

XSPEC - if no preceed;no 
preeeedi~9 numeric 
set record oointer, 
and go to FCONT1. 

numeric, set to one, If 
is less t~a~ on~ ea" error. 

c~eek record bounds, ea" SCAN 

HSPEC • Insure t~at oreceedinq numeric was present and 
greater t~an zero. C~eck if soee;fication w~" 
overflow record (;1 so ,error), nt~erw.se move 
specified number 01 c"araeter9 to r~cord from for­
mat (if outout) or vice verSa (;1 ;"putl. Cal' 
SCAN and ~o to FCONT1. Anv e"ar~eter w~ieh the 
~e~itor e"~~! t: ~~ ~t.~ i- ~cr·'tt!( t!ry' ~ri. 
1 s v e 1 i ~ , 

SLASH • l:-.3 ... ra t.-,.;.t It';' ,',u, .. c.f ,,, ... rc." .. ~t' .. ". (..191 t q" .. ~ 
o r ~ \,IV I ~" t: ,,!!: .. ! .. t ~ r i ~ i t ~ , ~,~ ~ f' e C' I" ~ • C e 1 ' 
SCAN e"d ~o to FCONT1. 

QUOTE - Insure t~at no numeric pre~eed~d. if input 
move cMareeters to format from record unti' an un­
paired ~uote is found. If output, ~ove e~aractars 
to record from format until an unoa;red Quote ;s 
tOu~d movino to record OMe ouote of eae~ ~air en­
countered. Check reeord overflo~ while moving ;s 
occur4ng, Call SC.N and qO to FtO~Tl a~v c~er. 
aeter wh;c~ the mo~;tor 81'ows to he read in for­
matted ~SCII morle ;s valid. 

LPARN - If no preceeding numeric set to one. If less 
t~an zero call error. If t"is ;s an in1tiel;zino 
call (no nesting) Set no cvts done s~ite", set in­
it switch off. If this ;s highest 'evel nest save 
format pointer location, saVe group count, 'et no 
cvts done switch, set current grouo eount and set 
new nesting. If this is lowest (Second) Level 
nest save unex~austed higher level group count, 
set current group count, set new ne~t;no. Call 
SC.N and 90 to FCONT2. 

RPARN - Insure that no numeric preceeds, If t~1s is 
outer) (no nesting) cheek i1 more 1/0 list items. 
11 not call $OUTF~ (f1 outpUt) a~d exit to main. 
If more, test cvts done s.witeh. If off, ca" er­
ror. Otherwise eall $INFR Or $OUTFW. Determine 
if there was any nesting, If not, set uo to go 
repeat entire format. If it was, set UP to repeat 

, 
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last nest4~g ~~OUPt I" eit~e~ ease reset evts 
do~e sw1te~. Call SCAN a~d go to FCONT1, If t~ts 
;s ~tg~est 'eve' ~est4~~ ) c~eck 4f g~OUp eou~t is 
exhausted, If ~ot, set UP to repe~t qroup, If 
so, POP a ~estin9 level. I~ eft~e~ ease ea" 
nsean and go to FCONT1. If this is lowest 'evel 
nesting ) Check if group Cou~t is e_Maulted. If 
not set uo to repeat group. If so oOp a 'eve1 ~e. 
let current group eount w1t~ ~tghest 'eve' 
~esti~g's remaining group COunt. In either ease 
ea" SCAN and go to FCONT1, 

OSPEC,ESPEC,FSPEC,GSPEC 4f no numeric preceeds set to 
one. Insure that preeeeding ~umerie is greater 
t"an zero, Save it .s repetition eou~t. Ca" 
SCAN. Must return positive ~o~ Zero number to 
saye as field wtdt~. Insure that ne~t eMaraeter 
4s "." cal' SCAN, Must be non-negative returned 
to lave as 0 speetf4catio~ Set address of aopro. 
priate eonvers1~n routine. Go to F~T. 

ASPEC, ISPEC, ~SPEC, OSPEC if no numer4c preeeeds set 
to one. Save as repeat eount. Call SCAN. Must 
retur~ positive no~zero number for field wtdt~. 
Set address of appropriate converston routine, Go 
to FMT. 

FMT check 4f ~ore 1/0 'ist items. If not ca1' SOUTPw 
(if output) and retur~ to ma;~. If so push re­
Quiredvalues onto stack depending upon eo~verston 
speeiffcation and 1/0 type. Call eonversion rou­
tt~e. Pop reouired values from staek ~eoendtng 
upon conversion spectfteat;o~ 8"d 1/0 type, Cheek 
;f a~y conversion error. Return to ~a;n to ~et 
next item or f;"a'1ze cel'. 

REENT reenter ~ere e~eck ;f re~eat COU"t;s exhausted, 
If not go to F~T. If so set cvt done switch, Go 
to FCONT, 

NOTEs For both input a~d output A conversion, the 
bytes transferred ;s deter~;ned by th~ item size 
and not t"e format specification Otherwise a 
co~version will occur as deseribed ;n t~e Fo~tran 
standard(;.e, Left JustifiCation into ;te~ wit" 
tra41;ng b'a~ks and left ~ost characters! of item 
t~to record if item size greater that specified 
width. Right most characters from ~eeord into 
item and r;~"t justif;cat;o" i"to reeord from 1tam 
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if specified width grp.8ter t~an ;te~ size,) 

10.4.3.2 U"for~atted 1/0 - entrY 'UIO.(S8 words) 

Input if end of record eall error(s~ort reeord). If 
end of segment eal' SINR. Else move "u~ber of 
bytes re~uired from reeord 4"to ;te~ and return to 
celler. 

Output ;f item wi" not fit in sea~ent call $OUrW, 
Move item to record and return to cel'er. 

10.4.3.3 Random 1/0 - entry SRIO.(52 ~ords) 

If end of record ca" errer(s~ort record). If end 
of segment ca1' SINRRISOUTRW, Else t~ansfer bytes 
from item to reeordCor viee verea) one at a time, 
e~eek;n~ for end of segment or end of record. 
UPO" completion return to caller, 

10.4.4 Item Transm;ssion Rout;"es (for al' 110 tyoes) 

SIOARG - hes 8 entry points. (181 words) 

$108 accept '1st of addresses for one byte logica' var­
iab'es and call 'FlO, $UIO, or $~IO for eae~ fte~ 
depending on 1/0 tyoe. 

!IOI same as SlOB exceot items are one word fnteqer 
variable pointers. 

SIO~ same entry as SIOl exceot items are one word 'o~;­
ca, ver1eble pointers. 

SIOJ same as ~IOB except items are two word integer 
variable oointers, 

JIOR same as SlOe except t~at ;te~s ere two word real 
variable pointers, 

Sloe same as $108 exceot items are four word eo~ole. 
var~able oo'nters. 

~10D same as Sl08 exceot items are fou~ word double 
precision var1able po1~ters. 

o 
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SIOA accept list of arrav pointers dete~m.ne tvpe of 
eac~ arrav and eal' SPIn, SUIO, Or 'RIO for eac~ 
e'ement of eac" erray. 

U~on completion of item transmission ~~move 'ist of 
items from staCk and return via JM~ 'eRA). 

10.4.5.1 Formatted Logiea' 1/0 Routine 

Entrv SlNFR, iOUTFW - (240 words) 

SINFR • if first ca" of rea1 statement, determine 

1) if device number 1s valid 
2) if file .s ooen (if not eal1 $OPEN) 
3) if file fs open is it opened for formatted 1/0. 
;1 not error. if fo~m.tted output call 'CLOSE, 
a"'d SOPEN. 

on a",v ca" 

1) eall SREAO 
2) evaluate error retur~s 
3) set buffer pointers on stack 
4) remove C~, LP, VT, FF, if oresent and oad 
buffe~ w1t~ blanks to standard size 
5) return v.a RTS PC 

SOUTFW • 1f first eall of wrft~statement 

make determi",ations of file St4tuS similar to 
t~ose made for input Mowever, do !"lot write a re­
cord Just s~t byffer pointers on stack and retur"', 

1) determine if P~;l"It f1'e, if so ~e"erate proper 
l1,.,e s~.c4ng. 
2) call SWRITE after apoendil"lQ CRLF, or CRVT 
3) evaluate error returns 
4) set buffer pointers 01"1 stack 
5) return via RTS PC 
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10.4.5.2 Unformatted Logieal 1/0 Routine 

entrY SINR, SOUTW - (121 words) 

$INR • if first segment eall make lame determinations 
as for formatted input 

On a",y eall 

1) ca 1 1 SREAO 
2) evaluate error retur~s 
3) set buffer pointers and record control word on 
staek 
4) ~eturn via RTS PC 

$OUTW - if first 8eg~ent call make deviee statuI deter­
",inatiol'll 

on first ca11 

do not call $WRITE, Just set buffer poi~terl on 
staCk and return_ 

1) out record eontrol word at start of record 
2) eall $~RITE 
J) evaluate error returns 
4) set buffer pointers on stack 
5) return via RTS PC 

entry SINRR, SOUTRW - (168 words) 

On first call, does $OEVTB c~ee~s and ealls SOPEN,4f 
t~e t.,e 11 not already open_ If tne SOPEN fail' be­
eause the file does not exist, a"ot~er SOPEN ., at­
tempted w1t~ t~e DVHOPN byte set to request allocation 
of a contiguous f11e. If t~18 'OPEN fa111, SERR .s 
called. 

1) make device status determination, 

o 

t 

2) calculate number of block desirerl 
J) check 1f block in core. If not, call tREAD. O·,~ 
SREAO is not ealled ;f a ful,-block WRITE is be1nq 
dOne. For a full-block WRITE, SGET i. instead 
called to obtain a monitor core buffer. "'0 p~y'i-
cal 1/0 is tio",e. 



• 
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4) evaluate error returMS 

PlGE 4J 

5) set buffer pointers, associated v.~iable Id­
dres., and 'engt~ of record (Mot SeQmeMt) 0" 
stack, 
6) returM via RTS PC 

1) iMcremeMt block nu~ber 
2) cell IRE.O, uMless full-block WRITE 
3) evaluate error returns 
4) set buffer po1Mters OM stIck 
5) returM via RTS PC 

lame as SINRR 

on nOM-first eal' 

1) call SWRITE 
2) if Mot 1.st call same 8S SINRR 
J) 4f 'ast ce" Just return 

10.4.5.4 SFINO (for raMoom I/O) 

Thi. rout;Me does Mot oosit;o" tne disk ~eehl"4s~, but 
it does 'o~ica"y FIND tne record by uodatinQ tne ISSO­
etated variable. FIND is provided only for co~oatibi'­
tty DurpOles' it's use ;s not recommended. (33 words) 

!OPEN • does ,INIT and .OPEN (I, 0, U or C) of fi'es 
for a1, I/O types and does error check;ng. In ad­
dition if SETFIL or SINRRISOUTRw s~t ind1cat;oM' 
tnat a contiguous f1'e;5 to be allocateo it is 
do"e by SOPEN. 

Returns via RTS PC, (145 wOrds) 

10.4.5.6 P~y.;ca' 1/0 Rout;ne SCLOSE 

SCLOSE • does .CLOSE and ,RLSE of file, for a1' 110 
type.,elears various device status words and 00· 
inters. 
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SREAD • ~erforms in~ut readi"g and error chec~1"g for 
all 1/0 mOdes, 

1) for formatted IIO does formatted ASCII no~mal 
mode readin~, 
2) for unformatted 1/0 does formatted bi"ary nor­
mal mode read1nq, 
J) for ~andom I/O does block transfers. 

10.4,5.8 PhYsical I/O Routine SWRITE 

'WRITE • ent~y in tREAD, Pus~el a flag to .ndieate a 

o 

• 

write befo~e executfng the SREAD code, ~ 

SGET - entry in SREAD. Used by random-access 1/0 to 
get a monitor buffe~ for full-blOCk WRITEs, for 
which no orior SREAD is reQUired, 

These routines acceot fie1d Do1nters and conversion 
~yoe codes from SFIO and convert a floating point data 
item from a character string 

SOCI convert an 1nDut item according to 0 format. 
words) 

Calling SeQuence a 

push address of field start 
pus~ field w;dt~ 
pus" D part of ~.o 
push P format Icale factor 

(384 

o 



o 
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JSR PC,SOCI 
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W.,l ~etur" a fou~ wo~d floating point ~e8ult 0" tOD of 
t~e sta~k. Th4s end a" followi"g I/O conversion rou­
tines return wit~ tMe C bit elear un'es~ t~ere was a 
eo"ve~s;on error, in which case it ;s set. 

SRCI entry 1n SOCI fo~ E, F or G for~at. Returns a two 
word result 0" tOD of t~e stack. 

SDCC convert an output item 8ccord4n~ to 0 format. 
(456 words) 

Duah address of field start 
DUS~ field width 
DUS~ 0 Dart of ~.D 
Dua h P format sca'e. 
Pus~ value to be converted, 
JSR PC,SOCC 

I" the event of an outDut eo~vers40" error !ECO, !FCO, 
SGCO, and !DCO wi" return a field of 
•••• * •••••••• ** ••• as we" as the C bit mentioned 
above. 

IFec convert an outpyt item aeeord1n~ to F fo~mat. 
TMis ;s an entry Doint in !OCO and ~as t~e same 
calling sequence, 

'Gec convert an outDUt item acco~d;n~ to t~e G format 
rules. (see ANSI sta~dard ~3.9-1966) T~is 4s an 
entry Doint in iDeO and Mas the same calling se­
aUence. 

SECO convert an output item accord;nq to E format. 
This ;s an entry point in SOCO and has t~e same 
ca"ing sequence, 

These routines act on I and n format reauests, 

SIC1 aceeDt field Dointers from $FIO and convert an I 
format ;nDut 4tem to an ;nteger. (98 words) 

C.1l1nQ Se~yeneeS 

PUS" address of field sta~t 
DUS~ field w;dt~ 
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Will return a One wo~d integer on too of the stack. 

SOCI this is an entry in SICI wh;c~ treats t"he e~ternal 
field a. octal data,the data 1te~ fs treated as a 
16-b1t unsigned quantity. 

SICO conve~t a" outpyt 1te~ accordfnQ to I for~at. (93 
words) 

pUI~ address of field start 
pus~ field width 
push data ;te~ 
JSR PC,SICO 

In the event of an out out conversfo" error $ICO and 
SOCO will return e field of ***** •••• **** 88 we" as 
the C bit ~ent;oned above. " 

SOCO this 1, an entrY in SICO which converts the fnter­
nal datau~ into an octa' character string. 

10.4.6.3 Logica' 

Th;s routine codes and decodes 10gfca' true/fa,se 1/0 
reQuest,. 

SLCI accept f;eld oofnters from 'FlO and convert a log­
fcal field to a b;na~y value. (31 words) 

Ca"4"~ Seauence ;1 the sa~e a' SICI. 

SLCO covert a data 1te~ according to L for~at. (31 
words) 

Cal1;"Q seauence 1s the la~e a. for SICa. 

o 

o 

, 

o 
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T~is ~out1ne computes and ve~;f;es t~e addres~ of an 
array element. Called in tne polisn mnd~ it receives 
tne address of tne ADB for tne array as t~e next item 
in tne operator list. (see 130~309.~01 3,1.2.6 for a 
descl"1ptio~ of tl-le A08) (49 words,EIS-:r5' 

SSBS2 doub'e subscriot, Return A+(I-l+CJ.l).Dl).~ .n 
R0. 

SSBS3 triple subscript. 
A+(I-l+CJ-l)*01+(K-l)*Dl*02).S 4n R~, 

A cneck is always made tkat subscr4pts are pos;t.ve in­
teQer Quantities, If tne ICK switck is used dur1nq tke 
compiletion , tne comp;'er generates Polish ca"s 
SSBX1, SSBX2,SSBX3. Tne SSAXn entrY ooints ckeck that 
tne actua' subscriots are less tnan or eoua' to tne 
maximum given in tne AOB. SERR is ca'1ed if tne sub­
sCl"iPt ;s out of boundsC65 words, EIS-51'. 

10.5,2 Deleted 

10.5,3 Object Time Errol" Rout;ne ($ERR/$ERRA 274 
words' 

'ERR. calling sequence 

JSk R5,SERR 
BR ANY 
,BYTE errol" class number 
,BYTE errol" number within class 

NOTE: There is 8R after tne JSR R5, but it need 
NOT be to tne location fol10w;n9 tne argument 
list, tl'le cal' is not a standlHd Fortran cal'. 

SERRA • ea"inq sequence 

~OV X,R0 
JSR R~,$ERRA 

XI .RYTE error class ~u~bep 
.~YTE error nu~bep w;tn;n class 

Determ4"es if the message ~uMber and class number are 
valid, I~ not changes tl'le~ 4nto class zero ~essage 
zero (1nvalid message nu~ber'. Sets byte in error vec· 
tor SERRF for the class to 1. 
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T~en determines i1 t";S fs an immediate .bo~t e~~o~ 
(maximum 'o~ count.·3). If so issues a fatal monfto~ 
diagnostic (F0J0) with t~e e~~or class and erro~ number 
(J octal c~a~acters eae~) to be d1splaved, 

If t~is is a no 'o~ and exit errOr (ma~fmum log count 
•• 2) SEXSw ;s set to tMree and SEXIT is called. 

If t~4s is a no log and i~no~e erro~ (maximum lOQ 
eount.-l) control is transferred to t~e 10eation soeci­
ffed ;n the transfe~ address word, 

Ot"erw4se, t~e device table CSOEVTB) Is e~~cked to de­
termine 4f a 10g~;ng device exists and is available for 
formatted ASCII output (i,e. Is already ooen for for­
matted ASCII outout or is closed and no define f11e "as 
been done, and ;s not an actua' or potentia' cont1~uous 
f1'e) 

Monitor diagnostic 1353 fa issued if t~e leg~ing device 
1. not available, T"e additiOnal information fs the 
elass aMd error number in octal ASCII. 

Ot~erwise t"e existence of t"e message cont.guous file 
is dete~mined. If tne file e.1sts the apo~oorfate 
bloek 1s read and the proper message wit";n that block 
is written (fo~matted, ASCII, dump moda) On tMe lo~gin~ 
deviee. 

~on;tor diagnostic 1352 is issued if aM end of f11e is 
detected on tMe logging deviee. 

NOTE: TMe fo~mat of tMe message 1.'e is one sixty fou~ 
c~aracter ASCII m~sS8ge pe~ log;cal record. Eac" mes· 
8a~e of t"e form 

FORTcee~nn - message text 

W"ere cec is tMe class number ;~ decimal ASCII and nnn 
f. t"e message number i~ deeima' ASCtI. T~e entire 
message is sixty fou~ characters or less including two 
c"e~acters at tMe begi~n;nq and end of t"e text w"ic" 
wil' be overlayed w;tM a CR,LF. 

~OTE 
t~e 

size 
t"e 

a'so: $RANO~ Cl~,2.12' will be used to 
p"ys;ca' block and displacement based on 
of tMe dev;ce, tMe record number of t"e 
error class (from $ERRC 5,4,1) a~d 

If no message file exists 

dete~m1"e 
t~e block 
start of 
t"e error 
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'FORTcccnnn' ;s written on the 'ogging 
t"e SERRWK a~ea to format t~e messa~e. 
the ~outine STRCBK is ca"ed to w~ite 
t~ac. back (if avai'able). 

device, Using 
AHer w~1ting, 

a sub,.out;ne 

The e~~or class maximum '00 count wo~d 11 c~eeked for 
zero Clog meslage and ;gno~e), If non ze~o the 100 
COU"t is 1nc~ementeo by one. If;t is tnen eoual to 
the maximum 10g count wo~d, SEXSW is set to two and 
SEXIT ;s cal'ed, els. !EXSW is set to one. T~e e,.~or 
routine now exits via the t,.a"sfer address wo,.d in such 
a wav that it ap~ears that the ,.out;ne w~1eh celled .,.­
ror actuallv C8"e~ tk. ~out1ne wkose location .s 1n 
the trensfe~ add~ess wo~d. The normal contents of the 
transfer address wo,.d is the global SRTS whick is the 
address in the error rout;"e of an RTS R5 1nst~uetion. 
Thul the er,.or routine wi', normally ~eturn to the ca'­
l;ng prog,.am. 

10.5,3.1 Traceback (95 words) 

R0.Rl,R4 unused 
R2 • address of ODS pointer fol10weo bv a four 
word line buffer header 
R3 • let to one if EOF on writing, ~'se cleared 
R5 • address of fourteen byte buf~er (SERRWK) 

JSR PC,$TRC8~ 

NAME 
NNNNNN 
NNNNNN 

• , 
, 

MAIN. 

SEQ 
SSSSSS 
SSSSSS 
• , 
, 

SSSSSS 

Writ;n~ ;s formatted, ASCII, dump mode. No abnormal 
cond4t10ns .are ekeeked except end of file in which c~se 
a one 1s returned 1n R3. 

SNAM. is a routi"e invoked at MAIN prOg~8~ a~d su. 
broutine e"t~."ce. It adds tne current sub~ou· 
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tines na~e entry to t~e end of t~e subroutine name 
c~ain (in SNAMe). 

In the 11/45 F~ULIB versiOn of t~e OTS, SNAM 
cMecks for entry to the MAIN ~rogra~,On entry to 
MAIN, t~e Floating Point status register is 1"1-
t;alized for float4n~ ooint interruPts and an in­
terrupt vector for FPP 1"terruPts ;s estab11s"ed 
t~roUgM a ~onito~ ca11. 

SRET - is t~e complement to SNAM. It removes t"e cur­
rent subroutine ent~y from the end of t~e subrou­
tine name c"ain at subroutine return. 

10.5.3.3 SeQuence Ootion ('SEQ 3 words) 

$SEQ • saves the cur~ent statements sequence number in 
$S~QC. 

'FPE~R • entry point for any Floating Point Processor 
interrupts. Cnec~s FPP errOr code and calls SERRA 
w1t~ ap~ropr;ate oarameter. In t~e ease of FPP 
u"derflow interrupts, p;c~s UP the 1nstruetfon 
causing t"e und-.rflow, extracts aecumulator field, 
end claars tne appropriate f10ating accumulator to 
0.0 (FPU.43 words', 

$EXIT (EXIT) • tM;S routine is ca,led by t"e user or by 
t~e STOP statement or by error orocessing routines 
to do Job termination. SEXIT cal's t"e subroutine 
SCLSUP to cycle t~roug" SDEVT8 and close all files 
ooened by OTS. If SEXIT was not called by er~or 
proeessing, it exits to tne monitor viA EMT 60. 
Otherwise, it axam;nes SEXSW and uses t~e monitor 
diagnostic facility to 1og. melsaqe before t~e 
fMT 60. T~e diagnostic is .nfo~m8t40"a1 (%351) 
a~d t~e value displayed w.t~ it is • 

o 
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10.5.5 Rewi"d/E"d File (SRWINO/'ENDFL J~ wo~ds) 

SR~IND/SENDFL - dete~~in~ if d8v1ee is open_ If "ot 
~eturn, e'se call SCLOSE then retur", Ca"ed in 
t~e polis~ ~ode with t"e ~evice number on t~e to~ 
of the stack, 

10,5.6 Raekspaee CSBCKSP AJ words) 

SBCKSP • wi" cal' SCLOSE, SOPEN a"d 'REAO. It wi" 
read n-1 records processed before t"e close. If 
the device 4s closed or if open for r~ndom 1/0 "0 
action is taken. Backspace is u"def4ned on a 
non-f11e structured device. 

$BCKSP is called in the po' ish mode with t"e device 
nu~ber on t"e top of t"e stack. 

Return via J~P '(R4)+ 

10.5.7 Define Fi'e (SDEFIL 39 wOrds) 

SDEFIL - does random 1/0 dev1c~- table (SOEVTB) entrY 
1";t;al1zat1on. If a orev;ous ~EFt~E FILE "as OC· 
cured for t~1s device number ~nd no SCLOSE "as oc­
curred, t~1s DEFINE FILE 4s ;qnored. 

Cal'1nQ Seaue"ce 

MOV X,R4 
JMP '(~4)+ 

XI SOEFIL 
address of device number 
add~ess of maximum "umber of records 
address of record leMQt" 
address of associated variable 
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~etu~n via JMP '(R4)+ 

10.5.8 SETFI~ Sub~outine (140 wo~ds) 
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5ETFIL - is a user ca"able sub~outine w~ieh a',ows the 
use~ to ove~~1de Cat ~un t1~e) the default or pre­
vfously specified value. f~ t~e device tabl. ent~y 
for I soecific devfce nu~be~. 

JSR R5,SETFIL 
B~ NEXT 
add~ess of device number Clnteger) 
address of fi'e name Cten character ASCII strin~) 
address of error value variable (inte~er) 
add~els of ohvsical device ~ne~onic (three e"a~­
aeter ASCII st~~ng) 
address of unit numbe~ (integer) 
add~ell of Ule (integer) 

o 

add~esl of orotect code (inte~e~) 0 
address of a"ocate file switch (inteQer) 
address of record 'enQth to a"ocate (integer) 
add~ess of "umbe~ of ~ecords to allocate (tnteger) 
NEXT • • 

NOTEll) Any trailing sequence of arguments mav be omit­
ted. 

2) If the devfce fs open or the device number is 
invalid no actton fs pe~formed. 

3)lf the ff'e name arQu~e"t is lesl than 10 char­
acters long, it must be in ,ASClZ fer~atJ t"e com­
piler generates ,ASCIZ for hollerith lfteral. ap­
pearing a. sub~outine argume~ts, 

The error value variable fs used for two purposes, 1) 
To f~d1c.te errors in SfTFIL processtng a~d 2) when an 
ERR- exit 1s taken f~om 1/0 orocesstng to indicate w~at 
type of 1/0 er~or occu~red. The only e~ror so .ndfcet­
ed by SETFlL 1s e~ror value vartable. -I which means 
that the allocate file swite~ waS one and two argumants 
did not follow, 

The allocate ftle switch is sUDplied to allOW the user 0 
to ind;cate that ~e wishes a eo"tiguous file to be .,-
10eated at ftle ope" time, 

Switeh values. 
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2 

1 

• a',ocate a eo~tiguou. f1'e fo~ random 1/0 4" whic~ 
case tne DEFINE FI~f Itateme~t wi', set the record 
'e"gt~ and tne number of records in t~e file • 

• a',ocate a eo~t1guous file for non~~andom I/O. In 
wh;e~ ceee tne follow1n~ two arQu~ents are used to 
set t~e record length and tMe numbe~ of recor~s in 
tne f11e. 

(see 5.1.2 note 1) 

SETEqR • is a user callable subroutine w~ien a"ows t~e 
user to override (at run time) tne ~ef,u't ~a.i~um 
count for any class of error (e~cePt classes ~,8). 

JSR R5,SETERR 
BR NEXT 
address of error class number 
address of over~;de maximum count value 
NEXT •• 

If t~e elaas number is not va'1d no aet;on is per~ 
fo~med. 

A" values of t~e max;~um count are a"owed, ~owever 
values 'ess t~8n minus tnree are set to minus three. 
(see 5.4.1) 

10.5.10 StOD (1~ words) 

SSTOP • generates 8 monitor diagnostic informationa' 
message (1350) alon9 w;tn tne oeta' value supo14ed 
cn tne STOP statement and then ealls .EXIT. 

SSTOP ;s cel'ed 1n t~e po'is~ mode. Uoon entry q4 00· 
;nts to t"e address of t"e stop octAl value. 

10.5.11 Pause (15 wordS) 
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SP~USE - generates a moniter diagnostic action required 
~essage (.005) elona with t~e octal value sugolted 
on the PAUSE statement. The user must resgond to 
the request for actto~. If he reolies CO~TINUE, 
SPAUSE retu~ns via JMP -(R4)+ 

$PAUSE is called in t~e g01is~ mOde. Ugon entry R4 00. 
ints to t~e address of tne gause octal value. 

10.5.12 OTS 1/0 Suggort Function ~outines 

SFND~V • eal11nQ seouenee 

R~ • number of device 
R1 • address of SDEVTB entrY (retur~e~) 
R2-R5 • unused 
JSR PC,SFNDEV 

Uses the device nu~ber in P0 to obta4n the address of 
the SOtVTB entry for that device and returns the ad­
dress in R1. If invalid device number return zero in 
Rl. 

(16 wordS) 

SIOSET • ea";ng sequence 

R0 • nu~oer of ~ev1ee 
Rl • address of SDEVT8 entry tor deviee num in R0 
R2 • address of SI08UF (or equivalent) 
RJ 4s destroyed accross the ca" 
R4.R5 unused 
J5R PC,SIOSET 

Sets u~ the file b10ck and link block addressed by R2 
with the device table entry infor~at40n addressed by Rl 
and the device number in R0. 

(55 words) 

SR.NOM • call;ng sequence 

push record length 
push reCord num-l 
push bloek size 
JSR PC,!RANDM 

o 

• 
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Uses double D~ee4a10n mult4Dlicat1on t~ calculate the 
block "umbe~ a"d bloCk disDlacement fo~ direct access 
1/0 or contiguous file allocation on retu~n the stack 
is modified. Record lenClth is ~ep'aced by block num, 
reeo~d Mum-l is ~eDlaced by block d1~o'8cement, and 
block a1ze is left unmodified. 

NOTEI Th1s ~out1ne reQuires that bloc~ ,;2e be a oower 
of two • 

(48 wo~ds) 

JSR PC,SCL..SUP 

Cyeles t hrou9n .11 e~tries of 'OEVTB closing any files 
which a~e ODen. Called by lEXIT atpro~~am end and by 
the ~UN sub~outine. 

(29 words) 

10.5.13 TSTERR Sub~out1ne (16 WOrds) 

TSTERP ;s a user callable aub~out;ne w~1eh a"ows the 
user to test for occurrence of rUn-time errors. 

CAL.L TSTERRCI,J) 

tests and resets t~e error byte for class I in the e~­
~o~ c'ass table CSERRFCI».Returns J-l ;f an error in 
error class I has occurred, returns J.2 ~t"e~w1se. The 
error flag oyte fo~ class I is reset to ~. 

SSWTCH is 8 user callable subrout1ne wh;ch allows the 
user program to read the conso'e switch reQ1ster, 

CALL SSWTCHCI,J) 

tests the 1 1 th b4t of U,e conso 1 e switch reClister and 
retu~l"Is 

J • 1 1 f bit I II 1 (UP) 
J • 2 1 f bit I . " COOWtli) 
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J ;s not modifieM if I 1s out of ranQer nO erro~ indi­
eations are 9;ven. 

DATE is a use~ eallable subroutine ~~;c~ obtains the 
date as an ASCII str1nq from the DOS monitor. 

CALL D4TECA' 

retu~ns tne date as a 9-byte ASCII strfno in A, in the 
fO,.," 

Uses t~e DOS DATE/TIME conversion, EMT 66. 

TI~E is a user callable sub~outine wh1c~ obtains tne 
time 1n either ASCII or binary form. 

CALL TIMECA) 
~eturns en 8-cvte ASCII string in A 
cur,.ent time in the form HH:MMt$S • 

CALL TIMECI1,I2) 

reoresent;ng th~ 
Us~s ,",OS EMT t;6, 

~etu,.ns tne cur,.ent time ;n clock ticks ;1"1 11,12. H;g~ 
orde~ 10 bits in It, low order 15 bits in 12. Uses OOS 
EMT 41 to oota;n time from t~e System Vector Tab1e, 

CALL TIME(A,Il,I2) 
Converts the cloek tick time in 11, 12 to an a-byte AS­
CII string ;1"1 A. Uses DOS EMT 66, 

1~.5.16 Proqrarn Overlays: LINK, RETURN (150 words) 

Tne entrY points LINK and RETURN in tne LINK sub~outine 
suppo,.t the POP-11 FORTRAN program ove~'av facility, 
Tne ca11 forms a~el 

and 

CALL RETURN 



c 

• 

c 

• 

o 
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The a~gUment to LINK specifies the name of an overlaY 
11'e to be loadedJ DOS defeults ap~ly if any portions 
of the argument st~1"g are o~itted. The a~~Yment 
st~1ng ~ay conta1n a max1mu~ of 25 c"a~acte~s, and it 
~ust be 1~ .ASCIZ fo~mat (a 0 byte 'te~mi"8t4ng the 
st~1ng ), 

If tne entry to LINK occurs;n t~e resident section, 
R0-H5 are saved 1" local storage 1" LINK. A subse~uent 
CAL~ RETURN ~estor~s t"ese saved registers, 

The neaa of tne subroutine name chA;n $NAMe is ~eset to 
~. ~INK uses fMT's ,CSII and .C912 to sean the argue 
ment and set UP the f;le b'oek. It then ce"s the DOS 
RUN EMT to unconditiona"y move t"e staek and lcarl the 
requested overlay, If a~y e~rors occur, OnS fata' ere 
ror messaqes a~e output using lOT calls, Afte~ suc. 
cessfu1 loading, control ;s tranSferred to tne transfer 
address of the loaderl module (fi~st executable state­
ment of the ~AIN prOQram for a Fortran-comoiled pro­
~ram). 

RETUR~, called from a non-resident section, restores 
R0-R5 and does an RTS R5, TM;S returns control to tne 
state~ent fol10wina the last CA~L LINK issued from the 
resident section, No chec~1ng of tMe va'id;ty of tne 
eall is done. 

~OTE: The stack pointer SP and all elements on tne 
stack (eg suorout1ne ~eturn addresses) must remain Un­
disturbed over a CALL LINK • CALL ~ETU~N se~uenee, 
nestruction of values 0" tne staek'wil' corruot tne 
overlay system 1~ unored4ctabl~ wavs • 

RUN is • user callable SUbroutine, actually an alte~­
nate entry oo;nt in the LI~K sUb~out;ne, Tne RUN sue 
broutine deletes all items on the oroCeSsor stack, 
eel,s SCLSUP to close files opened by ~OPEN, and uses 
the LINK code to invoke the DOS RU~ EMT. The ca"ing 
form 1s: 

11.0 FUNCTIONA~ DESCRIPTION AND OPERATION 
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12.0 PROGRAMMING CO~SIDERATIONS 

~/A 
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Includeo 4n t"e souree f;'es suppl~ed fo~ t~e Fo~t~an 
OT5 a~e files named ASMOTS,nnA and BLD~TS.nnA. T"ese 
are the BATC~·11 control files used in ~sgemb'inQ the 
Ve~s~on nn. OTS. These f41es assume a system configu­
ration with two RK03/RK05 diSk drives, but they ~av be 
editted for other configurations. 

Us1n~ PIP t"e following routines sMoul~ be comb;ne~ 1n­
to 8 s~nqle file 'SY~BOL.PAL'. 

IOPSTK,PAL 
IOFSTK.PAL 
IOUSTK.PAL 
IORSTK.PAL 
IOBUf.MAP 
DEVTB,MAP 
END.PAL 

Us;n~ PIP tMe following routines should be com~1ned in­
to a single f11e 'MAP.PAL', 

IOBUf.MAP 
DEVTB.MAP 
END. PAL 

NOTElln the source tapes supolied by tMe DEC P~ogram 
Library, t"e files SYMBOL,PAL and MAP.PAL are supolted 
as complete fi'es. TMe above PIP steps ~av be omitted. 

Using MACRO-l1 t"e following routines shou'd be assem­
bled w;t~ 'SYM80L,PAL' as a tr~;'er CI.E. 
fILE,LP:<fILE,SYMBOL.PAL) 

ECDr",.PAL 
IEDnn.PAL 
BSPn".PAL 
FIO",,,.PAL 
NFRr'll'''I. PAL 
INRnn.PAL 
I'IIRR"n.PAL 
ARG~n,PAL 
IOCn~.PAL 
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IOFnn,PAL 
IFI"'n.PAL 
I~O"'n.PAL 
IRInn.PAL 
lUOnn.PAL 
IUIl"ln.PAL 
OPNnn.PAL 
RADnn.PAL 
RIOnn.PAI. 
WIOnn.PAL 

Us1nQ MACRO-11 t~e following routines s~~u'd be 
bled w1t~ 'MAP.PAl' as 8 trailer. 

CLSnn.PAL 
CLPnn.PAL 
DFl.nn.PAL. 
FNDnn.PAL 
ERRnn.PAL 
ISTnn.PAL 
RWD"'n.PAL 
SFLnn.PAL 

PAGE 6~ 

Usinq ~ACRO-l1 811 other ~out1n.s are asse~bled indivi­
dually. 

NOTEI 'n"" in the above f;le names is the eurrent ver­
s40n number, 

Tne ~0110w;ng routines cont8in conditional code for t~. 
POP.11/20 E~tendend Arithmetic Ele~ent (KE11-A). 

SBSnn.PAL 
SBXnn.PAL 
MLlnn.PAL 
!"1LRnn.PAL 
HLDnn.PAL. 
IRl"ln,PAl 
OVRnn.PAL 
DI/Inn,PAL 
ANTnn,PAL 
ADOnn,PAL 
AI)~nn.PAL 

o 

• 

o 

r 

o 
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RlnM.PAL 
DNTI"IM.PAL 
POL.I"II"\.PAL 
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Usil"lq MACRO-l1 8ss~mble the above routines w4t~ EAE.PAL 
as a header CI.E. FILE,LP:<EAE,FILE) to obtail"l thp.1~ 
EAt vers1ol"ls. 

The 10110win9 routines cOMta1M cOl"lditional cooe for the 
Float;l"Ig Point Processor 01"1 t~e POP-11/4~. 

NAM",n.PAL 
SINI"II"I.PAL 
OSNI"IM.PAL 
PRlnl'l.PAL 
POII"IM.PAL 
OSQnM.PAL 
SG1T!"In.PAL 
ATNnl'l.PAL 
QTNnl"l.PAL 
EXPI"II"I.PAL 
OXP"",.PAL. 
AL.GI"II"I.PAL 
OLG!"IM.PAL. 
ROMI"\.PAL 
TSII"I!"I.PAL 
I1L.CMI"I.PAL. 
OVC"'!"I,PAL 
f'1LRI"II"I.PAL 
f'o1LOI"II"I.PAL 
IRI"II"I.PAL 
ORr'll'''I.PAL 
DVRI"\I'I.PAL. 
OVOM".PAL 
CMRI"II'I.PAL 
CMDI"II'I.PAL 
ANTl"ln.PAL. 
ADDl"ln.PAL 
AOCI"II"I.PAL 
ADR!"In.PAL. 
RII"\I"I.PAL 
DNTI"II"I.PAL 
SER"I"I.PAL 
FPRI"I",.PAL 
POL.nM.PAL 
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Us~"~ MACRO.ll assemble t~e above rout;~es w;t~ FPU.PAL 
as 8 header to obta;~ their FPU versfons, 

I~ 8dd;t;o~, US;"Q MACRO-II asse~ble t~e follow;"g ~ou­
t;~es with EIS.PAL as a ~eader. 

PIIn~.PAL 
S8Snn,PAL 
S8Xn",PAL 
MLInn.PAL 
DVlnn,PAL 

The following ~outf"es co"tai" eo~d;t;o~~' code fo~ t"e 
multiply/divide a~d ~u't;-b1t shift features of t"e 
PDP-11/45, a sta~dard part of t~e 11/45 1~struct1o" 
set. T~e symbols EIS and MULOIV are used f~te~e"anQe. 
ably f~ the cond.tionalized eode for this asse~b'y OD­
t~on, the resultfnQ aTS ;s referred to as EISLIB in DEC 
doeu~ents. 

PlIn",PAL 
. SBSnl"l.PAL 

SBXnl"l.PAL 
Ml.I"n.PAL 
Ml.Rnl"l.PAL 
~L.D~I"I.PAl. 
DVRnl"l.PAL 
OVIn".PAL. 
A~T"n.PAL 
AODnn.PAL 
AOR"I"I,PAL 
Rlnn,PAL 
ONTn~.PAL 
POLnl"l.PAL. 

US;I"IQ MACRO-II assemble the ~bove routfn~s w;t~ EIS,PAL 
to obta4~ tMe;r EIS versio~s, 

13.1.4 RSX Conditiona' Assembly 

o 
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The fo"owinq rout1l"1e. contain conditional code fo~ t~e 
RSX11C and RSXllB operating systems. 

POUnl"l.PAL. 
BSPP'lI"I,PAL. 
NFRnn.PAL 
INRnn.PAL 
:~ R R n 1"1 • PAL. 
RWDnl"l.PAL 
NAMnn.PAL 
RSTnl"l.PAL. 
FDVnn.PAL 
SFLnn.PAL 
OPNnn.PAL 
SERl"ln.PAL 
SEQnl"l.PAL 
ERRnl"l.pAL. 
TRCl"ln.PAL 
ERCnn.PAL. 
EXTnl"l.PAL 
ISTP'ln.PAL 
DVBnn,PAL 

Us;n~ MACRO-II assemble the above ~outil"l~s w;t~ RSX,PAL 
as a header to obtail"l the;~ RSX versiol"ls. 

T~e current ';b~ary ordering is cons1rle~ed opt4mal. 
This orde~;ng 1s given ;1"1 the library li,t;ng obtain­
able from LIBR-lt, 

New modu 1es may be inserted at aP'ly point in t~e '1~rary 
after mOdule ol"le wit~out affecting t~e c~rre"t order-
41"1«:1, 

If ;t 4s desired to move a module within t~e l1b~ary 
orogramm;ng department memo 13~-31t.~0~ ';sts inter 
module dependenc;es, 

Any module reQu;~ed by another should physically fo"ow 
that mOdule wit~;n the library, 

13.3 Build;ng the Diagnost;c Fi'e 

The orocedu~e for constructing a diaQnostic f1'e ;s do· 
eumented in the "Gett~"g FORTRAN 0" the Air" document, 
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FORMATTED 110 ...... -.---.. 
'IOFI - INITIALIZE FOR~ATTEO 1/0 
!INf!, REQUIRES SINFR, SIOC, IFIO 
'OUTFI 
1FIO - FORMAT SCANNING ANn CONVERSION 

REQUIRES SERR, SIOARG, SINF~, 
'OCQ, 'ICO, SLCO, 
1DCI, $ICI, SLCI 
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27 

$IOF - END OF I/O LIST PROCESSING FOR FORMATTED, 71 
SIOERR, UNFORMATTED AND RANDOM I/O 
IIOFX REQUIRES $ERR, SEX IT, SIOUO, 1IORO 
SI~FR • CONTROLS FOR~ATTED INPUT/OUTPUT 
SOUTFW REQUIRES SOPEN, SCLOSF-, SREAO 

SFNDEV, SIOSET, SIOF 
SFLDEV 

$FLOEV - DEFINES FORTRAN LISTING DEVICES FOR 

tDCO 
SECO, 
IFCO, 
SGeO 
'ICO 
SOCO 
'Leo 
'DCI 
IRCI 
'ICI 
SOCI 
$LCI 

SINFR 
- OUTPUT CONVERSIONS D,f,F,G 

• OUTPUT CONVERSIONS 1,0 

- OUTPUT CONVERSIONS L - INPUT CONVERSIONS O,E,F,G 

- INPUT CONVERSIONS 1,0 

• INPUT CONVERSIONS L 

240 

4 

456 

93 

31 
384 

98 

31 

o 

• 

0 

• 

o 
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UNFORMATTED 1/0 .. --_.-.-... -_. 
SIOUI -
'INI 
SOUTI 

INITIALIZE U~FORMATTED 1/0 

turo 
REQUIRES SUIO, SINR, SlOe, 510UD 

• ITEM TR.NSFE~S TO ANn FROM 
UNFORMATTED 110 
REQUIRES !ERR, ~IQARG 

SIOUO • END OF 1/0 LIST PROCESSING FOR 
UNFORMATTED 1/0 
REQUIRES SIOF, SINR 

SINR • CONTROLS UNFOR~ATTED 110 
SOUTw REQUIRES SOPEN, SCLOSE, SREAD, 

'FNDEV, SIOSET, SIOF 

RANDOM 110 -.--_.-._. 
SIORI - INITIALIZE RANDOM 1/0 
SINRI, R~QUIRES $INRR, $InRn, SRIO, Sloe 
SOUTRI 
!RIO • TRANSFERS TO AND FROM RANDOM 1/0 RECORDS 

REQUIRES 'ERR, SIOARG, SINRQ 
SIORO • END OF 1/0 LIST PROCESSING FOR RANDO~ 1/0 

REQUIRES SIOF, ~INRR 
$INRR - CONTROLS RANnOM 1/0 
SOUTRW ~EQUI~ES $OPEN, SCLOSE, SREAD, 

SIOSET, $FNDEV, SR4NnM, 
'IOF 

SDEFIL • OBJECT TIME DEFINF FILE FOR RANOOM 1/0 
REQUIRES SFNDEV, SERR, SEXIT 

!FINO - OBJECT TIME FIND ROUTINE FOR 
Q4NDOM 1/0 

SRANDM • bLOCK DISPLACEMENT FOR 
RANDnM 1/0 

32 

58 

17 

127 

28 

52 

25 

168 

39 

33 

48 



INTERNAL COMMUN 1/0 ROUTINES _.---._.---.-.---_._._------
SIOARG • 
S10A, 
SlOB, 
SInL, 
'IClI, 
'IOJ, 
SIOR, 
~IOO, 

'IOC, 
$IOELM 

ITE~ TR~NSMISSION ROUTINES FOR ~LL 1/0 
TYPES 
REQUIRES $MLI 

~IOC • MISCELLANEOUS COM~ON SUBROUTINES 
USED BY 1/0 

'OPEN • DOES .INIT AND ,OPEN OF PHYSICAL 
DEVICE 

'CLOSE • DOES .CLOSE AND .RLSE OF PHYSICAL' 
DEVICE 

SFNOEV • GET ADDRESS OF DEVICE TABLE ENTRY 
!CLSUP • CLOSE FILES AT PROGRAM END 
SIOSET • SET UP FILE AND LINK BLOCK FROM DEVICE 

TABLE ENTRV 
1REA~/SWRITE • READ OR WRITE A RECORD 

181 

30 

150 

34 

16 
29 
55 

95 

THESE ROUTINES ARE REQUIRED FOR FORMATTEO, UNFORMATTED 
AND RANDOM 1/0. 

o 

t 

o 



c 

.. 

c 

c 

POP-ll Fo~tr." Object T;me System, 13~-311-~02-~9 
.~~e"d4~ I ... OTS Siz@s 

PAGE 67 

ERROR HANOLING ~OUTINES ...... -... _.-.---------
$ERR ... OBJECT TIME ERROR HANDLER 274 

RfQUIRES ~EXIT, STReBt< 
$F"PERR ... 11/45 FPP INTERRUPT ROUTINE 43 
STRCBI<. .. NAME, SEQIJE"JCE TRACE OF 95 

SUBROUTINE CHAIN 
$SEQ .. SAVES SEQUf.NCE \)U~BER OF 3 

CURRENT FORTRAN STATE"'1ENT 
$NAM ... CHAINS SUBROUTINE NAMES 24 
SRET SAVES END OF CHAIN POINTER 

-----.-._._.-.-.---
$OT5V -
SERRWj<, 
$EXSW, 
$NAMC, 
$SEQC 
$DEVTB -

CONTAINS POINTERS TO $DEVT8, $IORUF, $ER~C 13 
AND STORAGE FOR $"JAMC, t5FQC, $EXS~, $EqRWK 

OBJECT TI~E 
(ENTRIES 

$I~BUF .. 1/0 dUFFER, 
I3L.OCKS 

DEVICE TABLE 
FOR 8 DEVICES) 
INCLUDES LINK AND FTLE 

«SERRe - ERROR CL.ASS TA8LF !JSED BY $ERR 

MISC. OBJf.CT TIME SUPPORT -._.-.-.---._.-.-._------

172 

83 

42 

$STOP • OBJECT TIME STOP ROUTINE 10 
SPAUSE ... OBJECT TIME PAUSE RDUTINE 15 
EXIT - OBJECT TIME EXIT ROUTINE 14 
$BCKSP - OBJECT TIME BACKSPACE ROUTI~f. 89 

REqUIRES SERR, $CLOSE, $OPEN 
$REA", S 105fT, SFNOEV 

!RWIND/iENDFL • OBJECT TIME REWIND/ENDFILF 36 
ROUTINE 
REQUIRES ~CLOSE, 'FND~V, !EPR, 

lEXIT 
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GENERAL ~OLISH ROUTI~ES 

-------.-.-.-.------.-. 
$PDLS~ - ENrE~ POLISH MODE 
!PSH - PUSH AN ADDRESS OR 

VALUE ON THE STACK 
$~OP2 - POP A~D INTEGE~ DR LOGICAL ITE~ 

$POPl 
~POP 5 - POP A DOU~LE, COMPLEX, OR REAL ITEM 
$POP4, 
~POP3, 

'POP4A, 
$~OP4B 

~PUT • PUTS ONE, TWO OR FOUR WORDS 
$PUTS, FROM THE STACK AT ADDRESS 
SPUr3, SPECIFIED IN R~. R~ PREVIOUSLY 
$PUT2, SET dY THE SU9SCRIPT ROUTINE 
'PUTl 
'GfT - GET AN ITEM FROM ADDRESS SPECIFIED 
!GET5, IN R~ AND PLACE IT ON THE 
$GET4, STACK. R~ PREVIOUSLY SET By THE 
$GET3, SU8SCRIPT ROUTINE. 
$GET2, 
$GF.Tl 
$PHR - PLACES ONE, TWO DR FOUR ITEMS 
$PSHR5, ON THE STACK FROM R0-R3. 
$PSHR4, USED AFTER FUNCTION CALLS. 
$PSHRJ, 
1PSHR2, 
$PSHRl 
SSVSP • SAVES STACK ADDRESS 

AT ADDRESS SPECIFIED. 
USED FOR ADDRESS SURSTITUTION 
IN SU8ROUTINE CALLS. 

$SBS • SUBSCRIPT CALCULATION ROUTINE 
~S~Sl, SETS R~ TO POINT TO ARRAY ELEMENT. 
$S8S2, 
$SBS3 
$NEG • NEGATIO~ FOR INTEGlR, REAL AND 
$NGD, DOUBLE PRECISION ITE~S. 
$NGI, 
$NGR 
$NG6 
$NGC 
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2 
2 

2 

5 

8 

5 

2 

55 

20 

0'/ -

o 
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SUBROUTI~E RELATED POLIS~ ROUTINES .. ---.-......... --... _---._.-----. 
'ADJ • I~ITIALIZf ADJUSTABLE DIMENSION 
SPSHP • PUS~ A P~RAMETER AODRESS OR 

VALUE ON THE STAC~ 

'-SVA - GET AN ARRAY ADDRESS FROM THE 
ARRAY DESCRIPTOR 8LOCK, 

~SVE • SAVE THE ADDRESS OF A SINGLE 
ARRAY ELEMENT 

$SVP - SAVE THE ADDRESS OF A 
PARAMETER 

'POPP3 - POP A REAL PARA~ETER 

!BPOPRb • 
SPOPR4, 
SPOPR3 
$pnpP5 • 
SPOPP4 

REQUIRES SPOP5 
POP TWO OR FOUR ITEMS FROM 
THE STACK. PLACE IN R~-RJ. 
USED BY EXTERNAL FUNCTIONS 
POP A FOUR WORD PARAMF.TER 

REQUIRES SPOP5 

BYT~ MODE RELATED POLISH RnUTINES 
-._.-.-._------.--------_.-.-.-.-
,papP0 - POP A BYTE PARAMlTER 
SPOPR0 USED BY SUBROUTINES A~D 

EXTERNAL SUNCTIO~S 
SANS • LOGICAL AND OF BYTE OPERANDS 
$ORB • LOGICAL OR OF BYTE OPERANDS 
SNTB • LOGICAL NOT OF BYTE OPERANDS 
SCMB • BYTE COMPARE ROUTINE 

USED BY LOGICAL IF 
!BYTE - COMMON BYTE POLISH ROUTI~ES 
$GET~, 

'PUT~, 
!PSHR0, 
$pnpO! 
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16 
4 

2 

2 

4 

5 

8 

5 

,. 
5 
4 
.s 
5 

8 
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LOGICAL IF SUPPORT -.---.-.-.-.-.-._. 

~GLE • 
SLb 
!LT, 
iEa, 
$NE, 
$GE, 
$GT 
~TRTST 

DOUBLE COMPARE ROUTINE 
USED 8y LOGICAL IF 
I~TEGER CnMPARE ROUTINE 
USED BY LOG!CAL IF 
REAL COMPARE ROUTINE 
USED BY ~OGICAL IF 
TESTS FOR LOGICAL OPERATORS 

LT, Ea, GT, ETC, 

• CONTROLS TRANSFER OF 
LOGICAL IF 

$ANI 
$NTI 
$ORI 

- LOGICAL AND OF INTEGER OPERANDS 
• LOGICAL ~OT OF INTERGER OPERANDS 
• LOGICAL OR OF INTEGER OPERANDS 
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31 

2 
23 

13 

6 

3 
2 
2 

o 

• 
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GO TO SUPPORT -.-.-.-.-.-.. 
$TR • UNCONOITIONAL GO TO 

$TRX • CO~PUTED GO TO 
REQUIRES ~t.RR 

$T~A • ASSIGN AND ASSIGNED Gn TO 
$AS wITH NO LIST 
$T~AL • ASSIGNED GO TO ~ITH LIST 

REQUIRES$ERR 
SASP • ASSIGN TO DUM~Y PARAMETER 
'POPP2,lNCLUDES POP ROUTINE FOR 
'POPP1, INTEGER OR LOGICAL PARAMTERS 
$POPR2, 
SPOPRI 

ARITHMETIC IF 
....... -....... . 
5TS1 • CONTROLS TRANSFER FOR 
$TSR, ARITHMETIC IF 
$TSO 

no STATEMENTS ...... -.-.-.. 
SENDDO • DO STATEMENT ENn PR~CESS!NG 
$ENODP - DO STATFMENT END PROCESSING 

DO PARAMETERS PASSED Tn 
SUBPROGRAMS • 
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2 

18 

4 

12 

9 

14 

14 
27 
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0 Ap~.~d.~ I • OTS S;zel 

TYPE CONVERSIONS 
•••••••••••••••• 

IR" REAL TO OOUBLE 9 
SRC REAL. TO COMPLEX 

SIR I~TEGfR TO REAL 32 
SID I~TEGER TO DOUBLE 
!IC INTEGEH TI) COMPLEX 

SOR DOUBL.E TO REAL 21 
REQUIRES $ERR 

'RY REAL TO I~TEGfR 45 
$01 OOUBL.E TO I~TEGER 

SSl, BVTE TO I\lTEGER 5 
SIB, INTEGER TO BYTE 
'Bl, BYTE TO LOGICAL 
'Le LOGICAL Til BYTE 

SCI COMPLEX TO INTEGER 20 
'CFe COMPLEX TO REAL 0 SOC DOUBLE TO COMPLEX 
SCO COMPLEX TO DOUBLE 

'BC BYTE TO COMPLEX 8 
'SD BYTE TO DOUBLE' 
SBR BYTE TO REAL 

sea COMPLEX TO BYTE 21 
S08 DOUBLE' TO BYTE 
$R6 RE~L TO BVTE 

• 

o 
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MULTIPLICATIO~ 
-.---.- .. -.----
$MLI HUt.TIPLE INTEGER 

REQUIRES $ERR 
!MLR MUt.TIPLV qEAL 

REQUIRES 'E~R 
$MLD MULTIPLE OOUBLE 

REQUIRES SE,RR 
$HLC MUI.,TIPLV COMPLE)( 

REQUIRES 'MLR, $AI)R 

DIVISION ...... -. 
50VI DIVIDE INTEGER 

REIIIUIRES 'ERR 
SDVR DIVIDE REAL 

REr.lUIRES $ERR 
$DVD DIVIDE DOUBLE 

REQUIRES $ERR 
$DVC DIVIDE C:Ot~PLEX 

REQUIRES SADR, $5111(, $MLR, 
JDVR, SERR 

EXPONE.NTIATION -.-... _-_.-.... 
$PWRt • POWER REAL TO INTEGER 

REQUIRES ~H1LR, $DVR, SERR, 
SPWDI - PowER DOUBLE TO INTEGER 

RE~UIRES 'MLD, $DVD, $ERR, 
$pwct • POWER CO~PLX TO INTEGER 

REQUIRES SMLC, $DVC, $ERR, 
!PWlt • POWER INTEGER TO INTEGER 

REQUIRES 'MLI, $ERR, $POLSM 
$PWRR • POWER REAL TO REAL 

$pWDD, 
SPWDR, 
SPWRD 

REQUIRES EXP, AlOG, $MLR 
SFCALL, 5ERR, $POLSM 

PO~ER DOUBLE TO DOUBLE 
POWER DOUBLE Tn REAL 
POWER REAL TO DOUBLE 

REQUIRES DEXP. DLOG, $HLD 
SFCALl, iERR, $POLS~ 

'POL~H 

,pnLSH 

$pnLSH 
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117 

206 
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139 
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130 

89 

129 

129 
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57 
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PDP-i1 Fortra~ Object Time System, 13~.311·002·~9 
A~pe~d1~ I • OTS Sizes 

ADDITION AND SUBTRACTION _.--_ .. ----.-.-.-.-._._. 
SADR, REAL. ADDITION 
$SBR REAL ~U8T~ACTION 

REQUI~ES $ERR 
'ADD, OOUBLE ADDITION 
$SeD OOUBL.E SU9TRACTION 

~F.QUIRES $ERR 
$4DI INTEGER ADDITION 
$5131 INTEGER SUBTRACTION 
SADC, COMPL.EX ADDITION 
$SBC CO~PL.EX SUBTRACTION 

REQUIRES SADR 

INTERNAL MAT~ ROUTINES ... --.---.--.. --~--.--

PAGE 74 

176 

290 

6 
2 

44 

$FCALL • USED FOR C4~LING SINGLE ARGUMENT 12 
FORTRAN FUNCTIONS FROM WIT~IN 
FORTRAN FUNCTIONS 

$DINT - FINDS THE INTEGER PART OF A 53 
DOUBLE PRECISION NUMBER 

~FCALL 15 REQUIRED BY $PWRR, $P~DD, CABS, CEXP, 
CLOG, CSIN, CSQRT AND TANH. 

SDINT IS REQUIRED BY DSIN AND DMOD. 
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PDP-i1 Fo~t~.~ Object T.~e System, 130-311.~02-~9 
.p~.~dix I - OTS Sizes 

FUNCTIONS AND SUAHOUTINES 
... _ .... -------.-------.-
DATE, TIME SUBROUTINES 
LINK, RlTURN, ~UN I OVERLAYS 
PDUMP • FORTRAN PDUMP ROUTI~E 

REQUI~ES 'DUTfl, ~lOf, 
SICa, iDCO 

SETFIL • PROVIDES A ~EANS TO 
OVERRIDE T~E DEVICE TAALE 
DEFAULTS 

SETERR • PROVIDES A ~EANS TO 
OVER~IDE ERROR CLASS TABLE 
"EFAIILTS 

SSWTCH • READ CONSOLE SWITCHES 
TSTERR • TEST RUNTIME ERROR SwITCHES 
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Apoe"dix I ~ OTS Sizes 

PAGE 76 

STANDARD FORTRAN FUNCTIONS 
-.---.-.-----.-.-._ .... _--
ABS 
AIMAG 
AMINel, 
AMAXt'J 
ALOG, 
ALOG10 
AMOO 

ATAN, 
ATAN2 
CABS 

CEXP 

CLOG 

CMPL,)( 
CONJG 
CSIN, 
ccns 
CSQRT 

OARS 
!)ATAN, 
DATAN2 
DBlE 
DEXP 

DIM 
!)LOG, 
DL,OG10, 
DMIN1, 
DSIGN 
DSIN, 
DCnS 
D5QRT 
EXP 

FLOAT 
DMOO 

lABS 
101M 
INT, 
taINT 
IF IX 
ISIGN 
~AX0 
AMAX1, 
MAXI, 
AMIN1, 

REQUIRES $IR, $POL.SH, $~OPR3 

REQUIRES 'ADR, !OVR, 
SSBR, SMLR, SIR, 1pOLSH 
REQUIRES $OVR, $I~TR, 
$ML,R, ssaR, $POLSH, SPOPR3 
REQUIRES $ADR, $MLR, 
SDVR, $POLSH, SPOPR3 
REQUIRES $DVR, ~MLR, SADR, 
iFCAL,L, SQRT, SPOLSH 
REQUIRES SIN, SFCALL, $MLR 
SS~R, cns, $MLC, $pnL,SH,$PS~R3,'POPR4 
REQUIRES ATAN2, CABS, $FCALL, 
ALOG 

REQUIRES SIN, COS, EXP, SFCALL, 
$AOR, SSBR, SDVR, SMLR 
REQUIRES CABS, $FCALL, !AoR, 
SQRT, SDVR, SERR 

REQUIRES SAOo, $SBo, $MLD, SOVo 
$POLSH,$POPR4 

RE~UIRES ~AoO, $OVD, $SBO, SMLD, 
iIO, $01, $ERR, SPOL5H, SPOPRd 
REQUIRES 'SBR, $PQLSH 
REQUIRES SSBO, $ADO, $DVO, ,MLo, 
JID, SERR, $POLSH, $POPR4 
REQUIRES $CMO, ~POLSH 

REQUIRES $ADo, $MLD, iSBD, !oVD 
$DINT, $POLSH, $POPR4 
REQUIRES $ADO, $oVD, JERR, SPOLSH 
REWUIRES SADR, SOVR, SIR, $MLR 
$R I, 'S8R, SERR ,$POLSH 
REQUIRES SIR, $POLSH, SPOPR3 
REQUIRES $OVD, $MLD, iSBo, $DINT 
$POLSH,SPOPR4 
REQUIRE:.S 'ERR 
REQUIRES $ERR 
REQUIRES $RI, $POLSH 

REQUIRES 'ADR, !RI, $POLSH 
RE~UIRES !E.RR 

REQUIRES $C~R, !RI, SPOLSH 

8 
6 

22 

12" 

23 

215 

74 

36 
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11 

122 

74 

10 
361 
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210 

21 
192 

46 
15 

181 

69 
117 

e 
31 

10 
12 
11 

11 
14 

9 
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APP'"d4x I ~ OTS Size. 

MINl 
t-1IN0 
MOD 
~AN • 
~EAI. 

SIGN 
SIN, 
COS 
SNGI. 
SQRT 
TANH 

REQU I RES SOY I, $ML I, SPOLSH 
RANDOM NUMBER GENERATOR 

REQUI~ES !AOR, SMLR, SSBR, 
SDYR, SI~TR, $POI.SH 
REQUIRES SERR 
REQUIRES $ADR, !DVR, 'ERR, SPOI.SH 
REQUIRES EXP, SADR, SSBR, SOVR, 
JFCAI.L, SPOLSH, SPSHR3 

END OF THE OTS DOCUMENT 
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