


coa~putation, 'J'he purpose of nr? asscriblg progx=c:a 2 s i ; ~  fael l:i.&s.;; c 

progr~~&fig by Jyrmlal%ng a aoxu*ce 13 n ~ u s g e ,  7.212 ch 2s c ~i?~c:iic~:t, 

program, which is convelfient f o r  the cornpusutcr ha?cR'~.;a-rc to &nl. rrl'i.h, 

A symbolic asst-mblly program ~uch ax bflIDAS per=~L'ba the pme;i-.aracr $0 

quantities v3Atk.. vrhick he nay be r.:orakj-n~. use of syml;~lic labelc 

data t';~P-thout ae; %ukaU.y laenou$-ng OP er;l.r: ng t21at spcc-lff c locaef an Pn 

the csnputer mcrnorj .i;hey nay G C ~ U ~ ~ P ,  

the ~ O U P C @  prog;rw twice, I3ur2ng the f'lrst _ 3 ~ . ~ 9 ,  Zi; $11 aFAr,- 

bola defin?LtZor.s encountex-ed into Lts  ~3mboi table, v~h%ch ft then 

uaes on Pass 2 to generate %he complete o b J ~ c L  program. 

A program consists of: a seciuenrcc of numbers in memory which 

may be instmrctions, data, or4 both, W shall refer to these numbers 

as y~~rd_g ~3.%hou.t specifying r~hethezer they' are LnstmcLZons or not, A 

word 3.8 denoted in the BouFce po-m by one OT mare ~yllablse sepa- 

mted by csuitatle combmln3g ogerntors, 8nd temxLna$eci by a tab o~ csr-  

r9age return, A syllable may be defined as be9ng the smallest ele- 

sent of the p r ~ p ~ w ~ z l n g  language which han a numerical or ope~a t iona l  

value. Yhc f o l l o ~ ~ i n g  are oome d9ffersnt types of nyllables: 



2 .  Intege~a.  $31 i n t e g e ~  98 c? 8 t r i n g  or' digits, xvhfch u ~ P 1 1  

2, Symbols. A o p b o l  in a str?.q@; o f  alphCmmerf G chara=tam 

(loruer caee n m e n l e  and ?;ettex*s, and upper case let- 

ters except U, I, S, anri X) contcrAnLn?e, at least or* 

le t ter .  The firs% a- txcharacter~ of a nym'tsol are used 

to iden%l:?y %%ie if irk %n more than nix characters long, 

Syllablee may be cmbir_ecl u~At32  %th f f o l l o ~ ~ i n g  operators: 

4 OP 8pace meap.s addition, madvrlo 218w~ (one QI ~onplemcnt), 

- means addieion of Cae one o cooizplemon2;. 

U means logical W o n  (finclusfve of). 

I means logical 3ntersection (logLca1 ;mil), 

S means logical disJulction [om~us ive  or), 

X means int;ege,er mltf pllcetion, 

A A q  i s  one nyllable, or nare man one syllable com- 

bined w&th these ogemtors. He shall refer to +, -, and space LZEI ad- 

d i t i v e  operators, and U, X, 5, and X as prodwt; open tor^. 

Operations are peperfomed frm left  to rL@;ht, except a l l  pmd- 

uct operations are prfomed before addYclve operat%cns, It PB not 

admissible to precede or fol low s product operator with any athex= 

o_pewtor, in e. ~tring of comecut2vc addit5ve operators, the las'c 

one seen applies. 

me fo'ollowing examples o f  symbolic expressions on the left  

have $he value listed on the sight. ( ~ l l  numbers in this ~ e p o ~ t +  

are octal w&ms follaued by a dec~mal paint " , " . ) 





3s nny Zega,l a;~::bol. and exnr is ariy c~m-- 

bol ic  expreaoicir tenzj.n~ter1 by a tab o r  carriage ~et;i;~l.li, 

define8 -- symbol aa hav'ng: the  ~;c~;aericn?. value cf gpja~. 

Parameter crasIpgaxen$~ mny' be used to net; table 8% zes,  

define  lev^ operation codes, or f o r  oi;fier purposes. Tnus 

3. As variables. !lke appearance of a Letter or le t ters  1~ 

upper case in eny legal, mdeflned symbol, at aq~ CP-- 



~uxkable, Po;" each sach sqmbol def incd, one -egic*\;e:.* 

Lo 2lloca'ced fn 2 regSon of' stomge ~ c r ; e i ~ e d  by bll:.llc 

efi398 feature faci1itai;es tho reservlag of %erizporary 

Bc ra~e  : Do NOT t r y  to use upper case l e t te rs  U, I, S, or X 

4. A8 macro im"cwc'cions. A symbol is defined ac a, macro- 

fnstructfon name by use of the pseudo-instruction de- - 

5. bJlLkr &mql.q or O J B T ~ ,  A symbol may be def%ned as pre-. 

cisely equivalent 'co any other symbol by use of the 

pseudo-Instructlon and Q-. The usage is : 

wkLe;?e the symbol g x v s e  1s made logically equLvtvalent 

tcb d e m  -.- if t he  la t te r  is deflncd. PreviousLy defined 

~3"e:l:ols ape ~ ' e ~ d ~ ~ l r ~ e d ,  Equals -Î -.--. azxl o p ~ y ~ ~  dfffer bn one 



r~,zap~c%;: oujsyn lr; ~ f ' " c ~ t f ~ ~  Ln 1 Theee .-&L -* 

~qay be use& to d e P i i 3 ~  a logicai eq~~ivalen'k for any 

o$;hex3 defined oymboi. Thus obbreviatiormt: ~ 2 ' 3 7  be Be-. 

fined f o r  paeudo-I~%3tructioaa if desfiQod. Note t t ~ a t  

e s &  and are MOT the same as the eq12~7.3 efgn 

used in parameter nsaL~;:ents, and are not in general 

iutercharxeeble with 1%. LW&$g and mr are used 

t o  give a symbol a 3.l.g or ouerat$.o- value, 

whJhile pax3a~ei;er assip'pfents ape used %o geve a symbol 

a ~"mm.& velue, Bevmre that Sf you dcflne synos,yma 

for that either ale synonym stapts  with the let*- 

ters Me 8 , E , a _ , ~ , t  ox. the rvord gsazg appears after the use 

of t ~ e  s;mon"sp"a o'i the  ei?d- of the source p rog~~cn  'cape. 

Althoxigh kine m t n  pro'ocescoF in MXDAS w i l l  recognize 

s+pionyms for gtarz, 'the part 0% the p ~ o g n m  which reads 

tape will no';, n:2d nxaC be fooled :17nto ~toppI22~; the 

tnp:.!c rendel: fac?cger,aeill;ly 02 i;ilc of t l l ~  a83eri:b19. 

Ta?%,&-~a--r;:,a*& 

The MIDAS location cowneer records Ylc assigned Location for 

each word fn We object prog~am, It is set  to 20 at eke beginning 

of  each pass, and counts upward nodulo memory slze. The location 

counter may be set to any value by umiting 

Thia set8 the location counter to the value of %he ~ymbol3.c expres- 

a3 slon ex,r modulo 2 . If exrw con%aj.ns an mc%ef%ned symbol, on 

Pass 1 tho location becomes & Y J . ~ . s ,  and f;he definition of address 

tags is fnl?iblted until the location again becorues definite by means 



r ~ n e  v vzlaa of -&c lo-a';.Lc312 cypiybe~g i;lsWy be o?Q';nirar;d id;;- :,I. a&-. 2-1 :s 
t? I t  t i l e  sgec%al syllable (perlod) . 1 3 2 ~ 2 ~ > ~ 1 ~ ~ i  : 

Ti%e first eample t~tmorers t o  loca-L3.o~ ---.- Y?ox~:.;(~Tc if -me AC CCI~Y;C~.I?.; 

any number o thar  khan zero, but zero Sn "iiio AC causes -kl-,c pracr-.&t; Cp,3 

of cne cofitents of the AC q ~ t ~  rb2e &C bg ';lgz<sf c r p ~ ~ ~ ~  back i;o .zp+c co:.:.. 

add . 
20, 

gfixilng o f  s cosiienl;, Cha~~ac-i;e?s PolZoh:ing 2% are ilpored z.u~'tf l -&he 

next tab or camiage return, 

Co~stznp~ 
i- 

Cons tauito required by a propam v r l l l  be reserved au%o~c3-Licailjr 

by FZD,fbaS when enclosed in paren*ti:lzeses, Thu"u, IT it is required t o  

~ e b  the ~ ~ ~ , m b c r  91.20 i n t o  %he cccurnulator,  ox^ can rwite 



stants ere &&ol.~Q only once, Clonln~ parens sf ll be supplier?. i?r.'kc - 

matically by MJ..MS if -&he character fsllouiag 3.3 n v;o~d tci%SnaLoro 

(e.g.,  tab or carriage return). Tile constarii; ~;ora =u;;cl s u p y o ~ ~ ~ ~ ~ g  

parens are l;rea.ted as a single 8yl labL~ who@@ value is the address 

in conatants. The following two p~,rogk=au f-ragmcn6.n arc eqvA.va1cn-k : 

add (add (20)-llr- (30 
U 

U 

0 

cons"t.nts 

add rz 
1 

a, add b-klr-c 
k>., 20 
Cr 30 

The pseudo-f nstruction g,?&g;1-$8, nay not be usod w;..ere -&he l o c a t l o l l  

1. character gq, when? g is any of the letters I, m_, or g, 

which specifLee ruliether tke character e fs to be placed 

In t>he le f t  ( b i t s  0, 3 ,  6, 9, 12,, 15.), middle ( b i t s  I, 

portlon of the word. The pseudo-3.nsnstruction, with Ats 

argclmenl;, i s  treated as a single syllebie. 

2 ,  K J X Q ~ ~ ~ C ~  where a_, b_, 2 are any _three f lexo characters, 

character x%+~ha~a~ t ; e r  mb-t-chara~%er 1c 



Thus q m y  be any chsractcr not appearing in the  a-&ria& 

~ l ? c  f 0 :l!.o;~2s~ c:rrnplco dcr;2u:lnkiratc t l ~ e i r  usage 

out a pr:rog~m in a h o a t  Sdentical. ?OLT;~, The f o l l o w f ~ i  exadple ilb- 

,,- straten such a repeated sequence, c- 
Ida a 
add b 
st0  c 
Ida d 
add e 

The sequence : 

Lda x 
add y 
8%0 2 

Ps the ~ i o d e l  up012 which the i m ~ e n t e d  sequence in based. This model 

c:m be L?efltned es a m c r o  ZnotractSon a d  given a m e ,  The charac- 

t s  and 3 a r e  calf-od cjujmay a~pc\~m.en'ta, and are identified as 

such by bell% listed k-med9ately follonlng tho macro name when the 

mcro  inai;mctlon i s  dcl"i~ed. 0i;her c:h~racters, called arguments, 
/' 

L ere substituted for khe dunmy ar&aaen%s each t b ~ e  the model. %a used, 



i-efepl~~d to as o ~;?1>,, ayg-m~q+'-f:t -- A b ,  a w  1F~'i.ed ImedfateLy follow- 

Ing " c k a  macro ??tien the rucer*.o l i ~ ~ t n ~ c ' i l o n  is called.  men 

naero 2natruc'"lion is calkled, S;ifDn$ read8 out the chapac&ess 04jkjsc.1. 

form tile icacro-Lnstrtlction definftioj3,  substitute^ the characters 0:' 

the a~gwim?nts for- the d m ~ y  argmeirbs, and inserts thc r@suXtin; 

cha~ac:?era i n t ~  %he source program as if tyged there orie;inally. 

I"? kule pzai.ozens c'l def i i i l~g  a m z c n n  is b ~ a t  U . I . ~ ~ t ; ~ e t e d  with ac 

exangle : 

C quired, s e ~ a t e c i  by corns, tesn lna ted  by a tab or carriage ;eretu::-3,. 

Hex* f'ollov~s thc body of the xtacra definit ion.  Api3conncc;; of duray 

arguments are marked, anci the cha~acter string f s stored array, h~m~zly 

nsgtments are d e l  ted by the .leollor~:As; characters : plus, minus, 

space, U, I, S, X, upper case, Lower case, tab, carriage return, 

equals, coma, bar, colon, and upper case 1, 6, and 9, llumay arb%- 

mcx~ts raust be legal symbols; any prevlous definition of dumy argu- 

ment o~flbols La ignored u~hlle in t im macro definLtion, 

A macro as12 consls%s o f  the mcro  na~e ,  roflarved 3. P desfr-ed 

t-b or cnfr%rgc ~~c?.i;urnz, Tkie yk3%E;2 wicro, f f called as follows : 

write I?hfa @;eta p~3.n'ced out., nertag 

- genc13ates the :Fo'ollou~ing code : 
C 

~ S K  ?JT 
nexLag-. -2 
text, IT:zio gets p~in'red out., 1 

EeXG2 ;, : 



v+7Fi9ch, rritlz n iaf %able 'cexi;-psq3-ilCi~y subrou'z';ac, -gh;ht cornp~ioe $12~ 

1zeceasa~3r code far p r f ~ k i r ~  "Yi3is geCts prir~icd out." or? tho floxo- 

?miter-, The al-jgm:ent 'co be pz.in%-icl, using f oma-G, ~ u s t  no-; con- 

L. tairm %he charac:te~s com:?a, tzb, carr2age ;ee%tu~on 02- bar. Com23,, bab, 

or carrLage return vsould end the argdaent rrlllle bar viould temi12ate 

the a r ~ J e n t  oi' the -I.....-. tesk ps?seuc30--imntn~ctIok*1~ So -&hat comma, tab, nnC! 

cn~r9age ;ere%uu"r. can be used v~i-Cbdn ar$g~nen-i;o, t h e  argue& qgotathon 

cha~actm=o uppc.r case a and a are ~3rovic2ed, They alght be used as 

20 12 0 3 h J  : 

w r i t e  TnLrzt 02 COUTSer 11~36 co;"a2as.$ 
Kk also baa a cax~*la(;;e 7.; ?-; ;.:I .8 r.ex%ag 

Be one ar&ment, and this entire ai%u~"'pl.ent, with the quotes ~*~F,o:JcC~., 
I 

C will be substituted f o r  the clm~2y ~ r ~ i i l ~ n $  %he original  deginli;iar.,, 

NXDAS aiirkn the en8 o f  an a ~ ~ m e n g  ctnly on aec113g cOmar %ski, or 

~ d C 2 a i n  quoteo, %he outemoat pfr 13 deleted, If an outer arguner~t 

quote is Limedjately preceded by an upper cnoe and 3mmedfateLg fol- 

lowed by a lower case, both case sllif 8s are deleted alno, A tab clr  

carr4ag;e retuan miod ln t e fy  r"oliovr1ng a macro m e  derrote~ that no 

arguaret~%s are read. B n y  other c e y w r a t l ~ g  elmlaracter wall be khe 

f l r o t  chax7acters o f  %he C~PP'~ ,  armaefi% except space: a space used as 

a nepara tnr  v r i l l  be del~teci 2nd will not be part af the first argu- 

1:: c nt 

Till@ sccon6 a ~ & ~ a ~ t  of tI.ze vplt;g macro is a sgmboL t&lch is 

tiefirled as an ociilres~ tag each tSme t h e  mncm i s  celled, so a differ- 

end ayabol must be aupplfcd at each cal l  of *the macro to avoid mul- 

"iAply clef'Lned tags ,  EnDW %!ill supply ou%*able g r e n t e m b c l . ~  f o r  



this purpose, guamnt.eed Lo Be unfque to each ca l l  of -i;.he mc'so, if 

h. x8 m L t e  $he P f r s t  l ine of the definition thusly: 

In ei%her case, the vertlcal bar denotes dummy symbols follotrLng 2% 

will be supplied from opecial created symbols %f not explhcrtly oup- 

plled xthen the laacro f s called. Tne cmated symbols ape o f  %ize fa~x:l 

O063a01, 000a02 ,... 000a09, OOOaOa, e tc ,  The created swFr>ol genera- 

tor reoet t o  00030 at %he bog1nnd.n.g o f  each pass, %Be number of 

cxeated symbols nay not exceed 33,695.. Note 'chat unsuppl%ed argu- 

ments corresponding to during a 

in as empty strings, Supplied argui,entn corrcoponbirna; to d m y  ar- 

guments follovlnt;: a bar suppmm Chc generation of a C O F P ~ G ~ U ~ ~ % M ~  

created symbol. 

There re~a ins  one problem: How do we pianli, & m y  ar{xu;r.cn'io 

in %he argument of C J F W W ,  gI gr O:P &? 02 COUPSC, &he c, g, OF 2 

could be part of tho  upp plied a~gwenk, but t;l?er@ is another vaay. 

Write, say: 

add ( c b E i c  ria Enote chn~?ac ra does not work as 
O Era io not a dummy argument 
U 

The sequence upper case, 1, lovrer case is deleted during the macro 

def%nftPon, b~t.2~ cauaes the macro scan to ceare'aa on each sicie f o r  

& m y  arguments, In t h i s  case, e_ i s  Pound to be a dummy argtmen%, 

and l o  treated accord%nglg. If the iappr case 1 is no"cboth pre- 
f- 
L. ceded and followed by ease shifts, only the 2 i s  deleted, 



d e f f n  type x46lbpq 
Ida ( chawc  9~464pq 

gives 

How may one cauoe a created s:ymbsl Go define a variable? 

It will not do to rur9te the dummy a~,mment in upper case, for -bhen 

the created syvibol would be in upper case, SJnce upper ccrae nw:ier-a?.rr 

are not legal symbol constituents, created symbolc mo'c rmt appear 

ia upper case, The nolut;ion is to append a suitable uppen case l e t -  

ter, oay z, t o  the dummy argument, 

defice macro la 
s%o aZ 

subr 
Ida aZ 

temlnate 

" A0 i caoe abut tnr?keo end of 
I dummy asgment a_ 

The va~iablea  would then be of the Porn 0008022, 0000a02Z, etc, 

which are perfectly legal and unique variables, 

Created symbols have been fntmduced to solve the problem of 

address tsge wlthin macro definitltons, but they may be used in other 

ways also. S o ~ e  examples ape gLven in Appendix 2. 

Macm definftfons may contala other mcro defirxLtions or 

macro calls. Arguments of the macro be- called may be used in 

%he macros - it ::all8 or defenes wLth perfect generaliey. As an 

example, l e t  ua revmite the w r w  macro so %hat it inserts a suf t- 

ableLoxtprintingsubrout3neintoti leobjectprogramatitsf irok 



cal l ,  and %hen reC.eflnes L-keeLi' ae, that &:$axa sczttr~-cness c a l l  the 

subi-eutfne. This m i & t  be C!cac as f01La~~s  : 

define l432:Ite a 
defj-ne cirrlte c / d  
%;SX bfr 
a-- *, -2 
t e x t  icl 
terninate write 

lkx 0 
f xZ. 
1x1 
Lax 1 
auue. .--3, 

pnt 
I?nt 
p ~ e u i x l  
t%x Zp:~h 
f3c=l 
t ~ 2 h  I. 

zexgwq, terjnfllote 

Iredefines ire rite ~13en called flrrt -tiac. 
-r-- 

1  call^ nex defin%t ion 

1 t e x t  print ing subr 

NotLce that address t n g n  .In tine t e x t  p ~ l n % i =  suhj?~u$ine need 

not be created symbols, as the taw appear only at the P l r s t  c a l l  

of write. They ;nust not, of course, conflict urlth tags used elsewhere 

In the program, and $0 insure this ,  created symbols may be used if 

desired, Notice Lkha t, in this example, the pseudo-Instruction 

Cermlnate 1x1s been supplled with an a ~ g m e n t :  the name of the macro 
u--- 

belng defined, If is followed by a space, it w i l l  expect 

to fin8 this  arga~en%, which it will compare with the name of the 

nacre being defi:.~ed. Unless they agree, an error  comment ( m a )  wiLl 

be made, Thio pann3ts the progranmer to be sure that h2s *.&nee and 

Com~inatc!! count cL;t correctly. An additional a i d  in ehls respect 
.11- 

28 the fac t  that I;e=Sfiao,?to i a  undefined outside a macro definition. 

C Gr@ments ezn, by Judicious use of argument quotes (see ex- 

c.i;~::'lo belotj), con'caie sub-arguments, A pseudo-instruction irp 



(indefinite repoat ) pernits the analysis of nuch an arweni;, The 

C peeuCb-instructj.on a J.n the wcra defj-nltLon takes one argumnt, 

namely, the clumny ax3gment correcpondlng to the argumeat to be an-. 

alyzed, When ths m@ro ZrasGrwct%on is called, %he eh;ir~ai=t;@xas X'allsu-- 

Ing t;h@ arguwent of 'che &Q until 'che ncx'c uat~bing endirp will %c. -- 
inserted once into the program f o r  each sub--ar-@nt in the zrgu~~c?ri";* 

being analyzed, am2 the subvnr@3fients r v i l l  be suba%ilui;ed f o r  the 

corresponding dummy argument. maple : 

define s m  8 , b , ~  
Ida a 
Irp b 
add b 
endirp 
~ $ 0  c 
*eminate 

gives : 

Ida 3 
ad8 k 
a@d Z 
add m 
sto M 

It is quite permissible to have a t s  within an irp, analyzing 

either the same or different argument8 , Tho pseudo-1nst;rmctioua 

and gndirp are defined only within a m a c ~ o  definitiorz. If an &rg 

analyze8 a null string, the characters in the range of the irJl will 

be inserted once, and null string w i l l  be inserted for the subargument. 

The CLar-e Collector 

When MI3A3 redef lnes a macro, the space 3.n the macro instruc- 

tion table used by the old definition will be recovered, if necessary, 

(: by a garbage collector. It is important in a long program to insure 

%hat unused macro clef init%ons ape abaPldoned, tha t  is, that their names 



are caused to refer to 8omethLng else otiler than the origfnal  macro 

C def in l t ions .  A suitable "oomc%hina elsf"  3.8 the pseudo-inctruetion 

null., which doea absolutely nathil?g. T l ~ u s  if a macro c ~ ~ l l e d  g s  haa 

bee12 defined, 1% may be discarded after 5-69 last  usage by saying: 

ecrua3.s foo, null 

which ~3.11 inake the space used by Poo recovcxaable. The garbage c o l -  

lector  i s  calleli xbenever the combined. macro n ~ d  ~ v i i l ~ o l  tables are 

exhausted. If no space can be recove~ed, an epror comet~t  f s made 

sce ) . (- 

Repeat 

a qmbolic expression defined on Pass 1 and ~3~4 -  28 any string 

,- of character3s texminated by a carriage return, causee anytinix t;o be C 
inserted 1:ato the prog1-m a number of times, called the equals 

to the value of ESJQ~. The a n y t h a ,  -- -- called the r~ of the repea$, 

can be storage words, parsmeter assigm?onts, macro cal ls  (if xlot con- 

tainlng carriage ,eettwrn in &an argument), other -ts, or anyth3ng 

else. If ~epeac  i s  used fn the range o f  a m, ?:;oth repeats will 

end on the same carriage ret;uri?. R l e a t  nay be used in macros, and 

d m  arguments may appear ei ther  in the range or the count; of the 

remat, or both, If the count o f  a repeat is zero or negative, the 

range of the repeat is ignored. 

D I 3 s i o n  

Tne pseudo-instruction amens%on may be used to allocate space 

for arrays. The statement 

dimension nanlel (s ize1 ), name2 (size2 1 ,  . . 



causes space to be reserved in t h e  v ~ ~ r i a b l e s  sLorage fo r  the array 

names ~pecjlfieC.~, Each  me l s  defined s8 *he location of the fLss$ 

of the block of xaeglstera of the lengih ~ p e c i f i e d .  The ampay names 

must not have conflicting defini'i.lolzs elsewhere, and the array s izes  

muis% be defined et their occurrence on Pass A. 

C o n d m A s s e m b l y  
-.I-- 

T t  is o.ftea useful, partLcularly 2.a E ~ C T O  Z ~ B ~ Z ~ C - M F O ~ S . ,  to be 

able to % e s t  tte value of an cxp-resolon, and to condillon palst o f  t he  

assembly on the recu-1% of %hi:: t e a t .  For $his purpose the pseudo- 

instruction &I-f al?d Oif are p~ovldcd .  PoPlov~ing the ps~ud~- in3"c~ /~ l t i0 i1  

naze them is s symbol called a tllat de'cex3uincc the tgpe of' 

eezt; and then an arg?men% t h a t  in -tes-ted accocding t o  the quarifler. 

The argument is ended by ~iny of the ao-d tex-ulinalors tab, carriage 

return, coma, or 81ash, All tikese -bexm%na"eors exccp"c1lanfx do i'rhat 

they would have done had the coilditiswZ imt been presene; but alas3 

only marks the end of the c o ~ d i t i o n a l ,  which I s  treated as a s i n g l ~ ;  

syllable whose value is one or zero, Examples : 

repeat O i f  vp x+l, mac-ro argi,a-re;2> 

a=g.if vzx1600000 -8 

p-kk!.f Q ~ - s I X ~  

m e  value of' -I 14f hs sns f f  the condition tested for  is true, 

and zero utherwisc; ~jki2.o the -value of O 3 . f  is zero if the condition 

tea%c?d for LG t m e ,  and one o-bher~*~ise. There are a t  present two 

quaL3.f 1 e m  w l C 3  t ~ a o  C O P T ~ ? B ~ O Y ~ . E ~ J ~ ~ ~  t e a t s  : 

2: If the value of the expression following is positive 
or zero (either plus 02 m i i ~ u s  ), the test is true. 

E: If the value of the expression follor;?hg is zero, 
the t e s t  fs %&we, 



The first axample c a l l s  'chc maeso f f x>-l. Tkct seccnd ex8.npl- 

defines a as 0r.c if bi.&s of' 2; ns.c bo&lh zewo; otilezl;fcc - 
g l s  defined as zero, Tm third example ge,c?r:~r;aLe~ . r s . . . b ~  s to  o if - s i s  ~ o E - ;  -. -- 
tive, and =E if g 3.8 ~ ? e g a t i ~ ~ e .  It could also be urif;-Len 2s:  

Conditionals may be used in 0;- out of ~ ~ a c ~ o s ,  but uay not; con- 

tain 0t53.e~' condIte;%om2S, 

The %uncc and OOeP~o&~r;l~ 

LZ source program for FIIDAS consists of one OF aors flexo tape=, 

each with n t i t l e ,  a body, nnci a sf;gqg pseudo-lnst~wc"k;ion~ Ynt? tfgb).e 

13 the l ' l r s t  st~ing OF charactors and i s  tcrz?lnated by a can--%age i3e- 

tun, Cau~;-La@ge return and stop ccCcs p~eceding " i ; ~  t i t l e  arc LgnoreB., 

C The body is the s'cox~agc words, aacx>os, parm~eter. a s s i ~ m e n 0 ; ~ ~  e t c ,  

which make up t h e  substance or' t!le program. St may be void. T;?lc 

s t a r t  pseudo-ina-krmction denotes the end o f  the source program tape, 

It takes one argument, which specifies the first instruction t;o be 

executed in the obJect progrmas. St;art muot be preceded by a tab or 

camiage return, and followed (af ter  the argument, if supplied) by 

a casriags re2urn. READ THE LAST SENTENCE AGBIN. In s p i t e  of a l l  

warnings, the number of people who omit tho carrlage return after s ta rc  

is amazing. Theref ore, take heeb. 

M.XDAS w i l l  normally punch a binary object program during 

Pas8 2 of an assembly. It w i l l  contain a title in readable charac- 

ters, consls~ing of t h e  vic lb le  characters in the title except those 

fo l lov~ing (and including) an equals signEn, Nexk; will be punched an 
r 

(-, Input mutine, which Fa a Loader t ha t  reads fn $he rest of.' the tape, 

and wlnlnlah FB i t z e l f  rcad in by bhe TX-0 ~ e a 6  -----...-I- in. mode, The binary 



output from the  body o f  'the sau2?co prog~arn f a  punched in bloclm csof 

('- up to 100 regieters.  he end of the ~ ~ n a x y  'cape is denoted by a 

start block, wk.ich is p~oduced by t h e  pseudo-instr~?.cf ion -- start ,  The 

start block may be o f  two types: 

I., The add s tar t  block causes the i-,?put routjlle to stop, 

and pressing Liestart transfers to the address specifLcd,. 

1 C t  is punched by start&r, r~here addr - 18 a symbolic 

expression whose value ~ p e c i f i e s  th@ starting address 8. 

&EDAS adds add to t h i s  and punches it on the tape,, 

2.  The trn s t a r t  block causea %he input routine to transfer 

a% cnce to the address specif ied.  In this case the 

arguraont of s t a r t  muse havc the value of add addr where --- 
a s  is the address in quesi;ion., MIDAS adds add (==200000) 

to this ,  giving trn (-400000) and punches i t  on the $ape, 

The format of the output is subject %o considerable contraol by 

tihe progmimer. The pseudo-instruction noin& suppresses punching 

the input routine. The pseudo-instruction pea& suppresses the in-- 

put routine and punches in readin mode until the next encoun%er2ng of 

the pseudo-inst-mction noinput, which resumes punching in input routine 

format. The normal input routine occupies registers 17756-17777, but 

an inpuL routine oecupypying registers 0-22 will be supplied by the 

pseudo-instruction f rontloading, which, ir" used, must be the first 

thing on the English tape ,after the i;itle, of course). This pseudo- 

instmction causes the location counter to start at 30 inatead of the 

For fabricatfng special  tape fo-mts or punching start blocks 

C without stopping the aseembly, the p s e ~ d o - i n ~ t n c t i o n  yard (!is pro- 

vided, Its a en* or ~ i r ~ u n e l ~ t s ,  separated by c o r n s  and ended by 



a tab  or c a r r l e p  return, are 2rncliec! Blrec-kly on the object program 

tape, and do no4& affect the loeaticm cmi?tx~, 

Thc tape f0- t~  discu~sed so far ape characterbzcd by h c v i ~ g  

a specfZic locabion i n  core a382@:;ed for each woxad In tke obJect pro-- 

gram, IJJDAS wf.."E1 a l s o  produce rclocaeob3.e tapes, ushich, by means o f  

c7 special loadox=, m y  be placed any rrlnere Syl meruory. Before using 

this featv-re, described 2x1 %he next: scckion, the  render ie: ndvfaed 

to faf :licpin : ~ & i ; p . s e l f  7~1th Memoya~?.&;ia ~-5001-34., ~ ~ ~ - ~ . l - i c l ~  decclaibro "$he 

~e loca tob l e  loader end relocatable sgnto~x, 

the object program in relocatable fomat  and se%c the i oca t io i?  countei- 

to relocatable 0. Address tags ~113. be tiefines as ~e'elocntable s$~jltboln 

C (-location count + 2 )  as long as tho location f s  ~~e loca tab le .  Symbolr; 

defined by paraaeter ass2ment  will have a relocation count e ~ u a l  to 

that of the cx1pl"ession 4x1 the rig@* of the equal sign except *ha% no 

symbol m y  have a relocation count exceeding one in magnitude. A lo- 

cation assignment puts tb 1oca'i;ion to relocatable or aboolute accordd- 

.Lng to whether the relocation count o f  the location assignment; is 

c l  or 0, ReLogg-2 also suppresses punching an input routine, re- 

placing I t  with a word tml.aYl, v~l~ic~h, when executed in the readin 

mode, 'transfers control to the entry of the BRS Loader. Storage 

words in reloca~able no& may have relocation -1-1, -1, or 0; vmrds in 

absolute mode m y  have relocation 0 only. 

The p8eu.50-instruction e x i t  fs used to define symbols which 

are external to tho program being assembled, The usage is 



which erakers the aymboln 82,  s2, . . , In the tn'anxfer vector and de- 

f i n e ~  $horn as th;l?e aCidresse3 $hey occupy thcrc. Only- the first three 

chax%,ei;ers o f  these symbols ax>e o1pp;nifican-L t o  the relocatable Locc?.er. 

These symbols must not be c?effr.ed ivith a conflicting d e f i n i t j . o ~ ~  else- 

where or an error message jmck) will be produced, 

The pseudo-instrmctian grim 18 used to denoto points Ln the 

pi9ogram to which exterru31 pi-ograms nay t rans fw control. 2% usage 

%a: 

Eahere the symbols s l ,  82, . .. muat be defined as ad&ess tags else- 

where in Lhe progrm, 'Phe symbols so declared ax% entered in the 

program caxbdd. Again, only the nr8t three characters of such symbols 

are signlffcant to the relooatable loader. For a program with both 

primaqr and secondasy entries, the p~eudo-ins-bmction e n t ~  is use6 

twice consecu%ively, firfit listfng "che pirimary n ~ d  then the aecondarjr 

entries. To %he extent %hat the pseudo-%nstmc.h;io~a relsca table, 

entpy, and exil; are used, they must be used in that order, and no 

storage words may intervene between Wem. A progran t~ i%h ;ha entry 

specified 4 %  a m f n  program, and the pseudo-instruction exit wi3 .L  

cause a progx%m card t o  be punched tgil;h a II~IQ~? of' 4-0, as required by 

the BRS loader. If' neither en& nor ex3.'b i s  ueecl, no program caxid 

will be providetl. Since any program to be loadsd by t;he BWS Loader 

must have a program card, it has been made possible to get a program 

card wit21 a rna3.u program entry by usirqg the pseudo-instruction gntq  

with no argument;s, The marimurn number of argument8 of entry is 37; 

there is no l h 2 . t  on the number of argpments of exit. 

In relocsitable p~ograiw, the pneudo-inai;ruction w n m t  will sup- 

press punchine; tihe urord trn 17000 a t  the head of the object prog~am tape. 



L Ti1fDAS has few requ i i~e~enls  on E~nxa- i ;~  Tim w e ? ?  ~ h m l d  be a~rt:?c 

of the following: 

1. Carriage return8 and Gabs are equLva1ent eexcepi; In the 

t l t l e ,  in the range of a ~eDea_4, and afs;cr w, Ext~a 
tabs o r  cappiage :ee%uims are ignosred, 

2 ,  Dackspace, the upper case nune~a ls  except 1, 6, and 9, 

and eke unused characters of %he flex0 codc, Sncluding 

blank tape with only the seventh hole punched, are ille- 

gal except fn argmentn OF PZcxo codc pseudo-instmctfons, 

3, Stop codes and color ohlf t s  aye ignored except in argu- 

nents of PZexo code psc;udo-fnstx~a.zc.Q;i8ns e Uppep case 

1, 6, and 9 am similarly lgnorc0 when 120% in macro c a l l s  

or deSfnAt Sons. 

4. Deletea are always i p r o d ,  

Many programmers have found that adherence to a fairly rigid 

format i s  of help in vniting and correcting programs. The following 

suggestfons have been found useful in thSs respect: 

2,  Placa address tags at the left margin, and run instruc- 

tions vertically down the p a p  indented one tab stop from 

the left  margin. 

2, Surr~und address tags with color shifts, It looks nice. 

3. Use only a single carriage return between inslnrctions, 

except where there is a logilcal break in the flow of the 

pfogmm.. Then put In an extra carriage return. 

4, Borget %hat you ever learned ko count hi&er than 'chreo; 

l e t  n I D n s  count f o r  you, Do not say sp-~-,&fii; use an ad- 



5. Orgaaize the progrm by pnges, sej>arn*i:.ini., each page or" 

flexo tape pe~jth stop code and srrne tape Peed, Le t  -$he 

page boundaries coincide ~11th 2ogicnZ divisions of $he 

program if possible. Pix%ng one Bzd gage ,csd splicing 

in a new one take8 aboue as much time ao reproducing t;v;o 

pages sf program, so learn to splkce %ape, 

6. Have the typc~cr3.p-b handy vrficz-i assembling or debugging 

a progrern, and nokc? comections in pencil thereon as soon 

aa you find %hem. 

Per fomn5 an A ~ b x  -- 
PirpsL read in TJID&% T U ~ Z  on $he on-lfne f lexcru~iter and 

Se-6 the @BR to titn 20 and t he  TAC to 0, Soad 

the first source tape i n t o  the reader and proso Restart, PITIDAS w i l l  

read the tape in nectlons of about two pages each, zncl mill stop 

shortly after reading mrt. at  the end of' the tape, To process addi- 

t i o n a l  tapes after the first, press zI!e~t.  nor^ begin Pass 2 by loading 

the first tape and presslng &iestart. For adclltianal tapes, preos 

A t  the end of Pass 2, press R3-E4. again to secure a s t a r t  

block. Tapes should be processed in the same order an b o a  passes. 

The noma1 operation of BIXISDAS m y  be cummarfzed by %the follovr-. 

ing table: 

MIDAS or s p b o l  
punch read in 

AC 3Ji MI33 Action on KJ3gar$ Action on TI! 

End o f  tnpe, Pass 1 0 0 O 

C End of tape, Faas 2 O 0 0 

Abr""e;ez+ zrtar* block Cb -0 --8 

&gin Pass 1 Begin Pass 2 

Bcgin Pass 2 Con%Snue Pa33 1 

Punch s t a p t  Block Contfnue Pass 2 

RcaLore, begin Begln Pas8 1 
Pass 1 



The normal sequence of operations above can be modffied by 

use of the TAC. WIzenevcr Te8"ci prreosod, bi6 0 of the TAC ic ex- 

Wried. If i t  is zero, the nomal sequence is followed; if it La 2 ,  

the next 6 b i t s  of the TAG are exarulned. These control: 

Bet 3. Pasa 3. if 0, pasn 2 ff 1, 

2 Begin pass 3.2 0, continue pass if i. 

3 Ir 1, p~yleh zf ~ L I B B  2; lr O, do not ppa~ach. 

k If 1, punch input routine if punching; if 0, no f n p ~ t .  

5 If 1, punch t i t l e  if punching; if 0, no t i t le .  

6 Lf 1, ~ ~ s t ; o r e  s$~.bo:! table to initial symbols and pseudo- 

S n ~ t m c t f  ons. 

Emr? 
D A S  will c m p  l a in  about various aabiguZCies and error con- 

ditions found %n source programfi. Some of them have already been 

mentioned. An error listing hns the follotc%ne; format : 

Column 1: A three l e t t e r  code describing the type of error. 
A number following is the depeh of macro cal ls .  

2: The 09-1 location fn f;he object program. The 
fjymbol g mcanr, relocation. 

3: The symbolic location, in terns of ehe last  ad- 

dress %ag seen, 

4: The last pseudo- or macro-instruction name seen. 

5: offending 8ylabo1, if a symbol was in error. 

&XDAS will ignore most errors ( w l t h  exceptione noted below) 

and w i l l  con'cin~,e tho assembly if I3-e or Tegt (\with TAC 0=0) is 

pressed; the t~vo  ore equivalent; except R 3 r t  will discontinue punch- 

ing on Pass 2 Pf 9% -9 in progress. Turning up TAG 17 is equivalene 

(l to pressing after ail error stop. This blt i s  independent of 

the rest of the TAC, 



In a storage word generated by a macro cal l ,  

In the size of a dtl- array, 

Xn a constant, 

fn the B nt of g3. 

X n  the count of a =peat- 

In an address tag o f  more than oie syllable, Tki?ls 
ubl l? .  frequently be %he result of an &?defined 
macx30 ~ n s ~ ~ ~ ~ c ' E ; % o n ~  

113egaEal forma%. Some cha~acter oi- chnmctere nose 
uved in an Imtmpxwper roamer, Ckiancters are ie;nox3ed 
t o  nexb tab or carrd!age return, 

Xlleppl entry. Axgtmzene o f  en%% is h p ~ o g e r  and 
will be ignored. 

Illegal ex3.t. 
be ignored. 

I1Lepl relocation. The relocation is talcen as 0. 
The L k i i ~ d l  leQ$er SdeatiSJ-es where: it was Round, and 
will be the same as l i s t e d  under undefined oymbols 
(above ) . 

Itkcro name dfsa@;rees. The argmen* oP temfnate 
dlsagree~ with the name of the macro b e v j l y i e d O  
Firsk i c e  ks used, 

Muli;iply defined tag, Original definition retafned. 

NuvlulCfply dofined exit. An argumsnl; of exi t  is pre- 
vioualg dofined lyith a conflioting value. Original 

fined var9..hblse A ayabol comt;ainFng an 
le t te r  3.8 previously cleriraecl as othep 

O~iglra ,  l Be f lnit-ion re taix~ed, 



d & e m  statemen-b ha3 a conf lict%bg def lnition, 
Original def9nit ion x*ctalned. 

 roger paraaeter assign~%e~&. The e::p~*esnion to 
*he Lei% of an equal sign is fmpmprer. 'Phc asr;+gi"i-- 
ment is ignored, 

Too mn*y constant8 : the pseudo-f nsi;ructlon cgns'i.cln.i::.: --- 
ueed ~ o r e  than 10. 'clmes in m e  p~rrog~cun. 

Too maw pasamoters : the stomge k9ese%ved for imcrc 
instmetion a~gmen%rs U s  been exceeded. 

Too many e~trieq, ER~urimum number of orgwents of an 
p8eubo-instruction is 37 oceal. 

Too many variable8 . Tlze sert8o-innl;~mctSm wrfa'olc c 8 has been used more than t imes  in one prog~m.  
Assembly cannot continue. 

Constants location di~agrees. The pseudo-instrzletion 
con- has appeared on Baoe 2 fLn a different  lo- 
cation from L11as; f c ~ w d  on Pa88 It, meaPh$ng 8x1 t h ~  
constants syllables have been asslgned %fie u ~ ~ o n g  
value. AnsembLy'c~mmot continuo. 

~ r i a b l ~  has appeared-on Pass 2 3.h a different  lo- 
cation ~ P S H ~  that fc~upzct% on Pam Ik, The condi%fon i a  

Xntemal. assembler :,xAror*, MSDAS has Psmd %ha"cft 
has made a mistake in assembling %he prog9m. Do- 
Lfver the error  message and & copy and listing of' 
the aource p~08;rm to 6. r~?.c=ber of the TX-0 s taf f  so * 

that t h e  trouble maIy be found, Assembly caanot con- 
tlnue. The octal SoeaLion given is the Locatfon in 
MIDAS whesje eke error %?as found, 

The checking features bu i l t  i n t o  MSDAS will detect simple 

errors Like forgotten tags very simply. A t t e m p t i n g  to debug camplex 

macro definitions Pram error messages and binary output is a much 

mom d i f f i cu l t  propoeition, Special aids have been provided to aim- 

plify this ,  



Tha pseudo-ins'b~wctions pg&r,I;_ and pig;xr~~~ take nn a r y -  

men,; exactly lilce tq~xt, r:rhich MID!iS e ? i l L  prLnt out on- 

liin.3 during the assembly process, -a.Sl)-- PrZntx prints j u s t  

the argument and a fo'ollowing carriage return, whf le 

precedza th i s  with the first thk-e colurmzr of 

an tarror l i s t ing ,  with the "erporf' code pnt, The ciyp- 

men:; of or p i n g s  may conlanin dursny sxymbmbola if 

use$; in a macro deffni'e;ian, 

2. B i t  16 o f  TAC ?&?en on, causes TJIIDAS to pr in t  out on- 

l ine  every cha~aceer 2% processes, including a l l  macro 

exp;:,ns:Lon&. This permits the programmer to let MIDAS 

do khe boolc1cceplng when +ke~%;frzg a complicated macro, 

A recorC: of 8ymboJ def ini t ions say be prain*i;cd out by mading 

&n 14XDAS SYMBOL, PRItJTFP. An alphabetic or n~;ame~lc order liseing may 

be secured by zeading in i;he appropriate tapes. 

A punched recorrl of symbol and/or macro inntructfon defini- 

t lonx may be o t t a i m d  by use of i'ECDAS SYEBOL PUNCH.' When SYMBOL 

PUNal 3.8 read in, it will feed aone blank tape and i l s ten  for a 

t f t l e .  I'ype a title on the typewriter. To obtain both symbol and 

macro-instruct:!on dcf initions, terminate the title with a carriage 
n st return, Far symbols only, terminate wi%h a tab, and then type s 

followed by a camiage return. For macro definft;fons only, term%- 

ratethe titlo r:ith a tab, 2ollov~e.ed by "m" and a carriage return, 

Tbe syrrbol punch so obtaained may be used with DOCTOR for symbolic 

2.ebug#ng, or :.@ad I n t o  MIMS a t  a later time for assembling patches 



or the like. tlzcn n symbol punch l a  read i n t o  14IDAS, TAC 6 i s  

exanined, If off, the oymBola from "the smbol  punch are merged 

with any existing sym'bol table. If on, the symbol table is IT- 

stored to the i n i t i a l  vocabulary before merging the aymbol *rmmzch, 



Appendix 2 .  MIDAS In% tial Vocabulasy . 
P a r t  i. Symbols 



e h a r a ~ t e ~  

constangs 

dec3.mil 

define 

daem Ion 

endi~ap 

entry 

c front loadinf; 

In4ce11)pret Integers as decimal numbers, 

bf ix~c  macro-ins tract ions. 

Allocates space fo r  ar&?ays, 

Ends Sndef f ni te repeat. 

2 3  ~ncmxattbble progms, puts symbol deffni"cons 
i n t o  propam carti fo'or use by Loader, 

Def f nos symbol as opemlionally equf valent to 
anot.her symbol. 

In relocatab3.e programs, nanes subroui;ines 'co be 
called by enterlrag nanm in transfer vecGor, 

Inser4;a ~bwierica J- value f o r  three Plsxo clqaracE;era. 

Calla f o r  front fnput roi~tinc. 

Supp~esses i i ~ a u t  routine, leaves 'readin" sr;a%u:uu, 

No-.operation, ignored, 

Xnterpret integers as octal nmbera ,a 

Define8 symbol; same as equal8 but effective 
on Pass 1 only. 

Genepates symbollc location printout and prints 
consnent during assembly, 

Prints c-en% duping assembly. 

Rmcb in readfw mode format, 

Repeats clzaraceer s l ; ~ % n g  

Denotes end of program and specffies (in absolute 
program) stareing address. 



Enc& Eacrs def ?ln%I;is~, 

Hni~erpds words of flews charac%era.. 

Reserves space for arrays and varinbles, 

Punchea word on abject program tape. 

Has vu3ue 0 if coadition following Ss kme, 
2 o%k~en~~~ise , 


