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1 . FAP is an assembly language fo r the 70 94 developed 
at the Western Data Processin~ Center $ at UC LA ~ It was 
orlglnally conceived as an a!d in writing FORTR M-compatible 
miltchine language programs , and the F AP assembly pro gr am ""to rks 
within the FORT'RAN monito r sys tem liovu:ve r ,, ! t J s a comp I ete 
a.sembly program in Its own right e and has t he l ndep~ndent subD 
r~utine ability which has p roved valuab le even when riot 
~~ltlng FORTRAN subroutines 

. Throughout this writeup it w! ll be assumed that the reader 
i$ unaqualnted with any assembly language ,.,, but i s famiii ar 
w~th the operation of the 7094 compute r and some of Its 
i ~structlons ~ Only an essent ~ al s ubset of the fu11 FA P language 
- ~ discussed here . but enough ls said to pe rmit writlng complete 
ac(:curate programs 

2 .~ What 1 s an assembh~r- ? An as.S{';mb ty progr am lH! l ongs to 
t !-l. . ... -'"''='.;::: of Pl'"og· '!l' a·mc '·no'·•rl -c "" '''""'.a.''~"' r,,•.,-.gr"""'t"" ·r h:• .. 1S· ·,· t .~? \;;; \..i!o::> ~ . • iiil t\ n. a ~ ... J_y.:;,~ ~··' :;·· ·= .. ; . ~n.:JJtf $... loC~ \. ; -::~ 

U ~ a pFogram common i y us ed to aid s n ope ret I ng or r'ro g; r onlti11 ng 
t il e computer,, I t s pur-pose Is to t ak~~ as !nput a shorthand 
s jmboltc no t ation for a machlne l anguage p rogram~ and produce 
a~ output the btnary mac hine language program for which the 
sjmbolic no tation was a shorth and~ (Note the sim tla r lty 
bd tween figure 1 and f igure 2 . ) For exampl e. tha 7094 b i na ry 
m~ch;ne instruction to add th e contents of 1~ca tion 104 -
l~ to the accumula tor 1s (abbreviated h e re In oc ta l) , 

040 0000 0 0 10i} 

~·d th the aid of an assemb 1 y p ~-c gram, i t i s t)OS S ltd e i ns t:.zad 
t~ punch i n t o a card the letters 

I:.D D ALPHA 
' i 

THe a !~·H..;mbly p t· ognlm wP I took op in an op(;:. ~· at i nn tabl e t h~~ 
binary machine operatlon code whl ch corresponds to the symbol ic 
mnemoni c '~ADD"1 c ! t wi i1 t ake th~!t btnar y code ,, insett I n It 
th e add t"ess ob tained b y evaluat i ng the svmbo1 i'' ALPHAn and 
pu nc h ou t the resu1t1ng b i nar y inst ruct ion on a card ! n a 
s t andard fot-rrlt:1 t which can be read back l n t o the computer as 
an instruc ti on . 

':L:i Refe ren ~~:€ !'•1anua L IBM 1 09 11/? 0~14 ?rog ra:r~Yilng Systems, 
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~n the e ar ly day s of compu t e rs . assembly pr og~ams wer ~ 
;.-.t () ~~ t~~~~·i1~ -~ab 1 t:,t __ ~· an(! p c·· tJ_gr.anwne t·s had I'.{) v: :'~·t t~ c:~~t -~ c~n~~ ~:.t :r·j0gs f.)f 

P. ~.!Fibr:.:r ·_, trJ r eo ~: e s~.'!nt ~ h ;,-: instft!c:t1 (l'l1S t hey ;,_-·,:t .. :r c t}s Sng: 
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Use of Compute r f or 
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The assembler _ then ~ takes ove r th is t ediou s~ er~orpron e, 
second ~;t eo of wr! t t ng a program l t neads. In s ymbo 1 s .,..,.h ! d~ ,., .:;nre 
a f!lnemon1c •.,rah~e to the progt·ammer ,, 2tnd tran'S!ates t~·,~,m in t o ~he 
blno r¥ mach~ne instt'uCtior.s required by tha c;omputer ,. 

However, once an assembler is available i t can do other th ings 
beyond the stmph: stJbstitution c;f b i nary machine: t'. odes fo r 3yT;bolic 
mnemonics G In fact d !t can take ove r many of the tedlous procedures 
y,:h ich norma 11 y fan to the programmer . 1\s CO!ThTKm 1 y happens some of 
t~e other procedures which we r e as s igned t o the assemble~ rapidly 
became the MOst fmportant n~ason fot usln~.: it, 

The particular procedure which ca~ c 1D im th i s me r it Is that of 
assigning values to symbols ·oth t~:- ~han ope !'8tlon P1l1emontc:!L in 
writing a program~ the programmer must decide 85 he wr ites each 
instruction ;nto which location in rn ;~m•,ry it should go .- S!mf lady, .. 
for each piece of data h i s program uses* h e mus t assi gn a plac~ 
in sto r age for the piece of data _ Then ~ whe n an inst ruct ion should 
refe,.. to that data .~ he C;:Jn write l n t he ~.~ropr.:r- fi ume d c address 
for the ~nstructlon ~ 

The dlfftcu!tv with t his procedure !s no t ob vious at f f rs t ~ 
but comes to Hght almost. i1orr1edf<Jte !y ~>Jh H e actua3i:; ~" ,~_l!il?: a 
pnJgram .• , The difficui ty !s. that if whi ~e st;udy~ng ;1 st:ct:!on of 
the p r og r am It is d I sccvercd that the t1'-:.! is a n ef' f or~ c1 ~ n d anothe r 
~nst~uction must be added to the sequence . there !s no room fer the 
the addi t ional Instruct ion To make space fo r i t al l the lnstruc ~ 
tlons, (and perhaps data } a ·fter· that r n s t i' UCti.:.m h<'1Vli: to b e tl'IO './ t::d 
down on~! pos! t~on in memory.,, Whlie this move ccn·; !\.t ~ t~ te: s no gtea t 
probJem,, anoth€r piobiem no~ arises ., Wha t of a'li the instn.H:
tions wh i ch refer t o Instruc tion~ and da ta which have now been 
mo '>J. ed '? ·r he i r addresses m•~s t b-e changed to cor res pond t.o the new 
location~ of the instruct ions and data that they refer to 0 

TtH: way ar·o t.:nJ this d~ fncu1ty rs to z·ea 'f!e the ptoblf:m o f 
assh;n i ng memonr k;cations to th :e assembi:.r prcgrum Th e ~.nogrammer 
simply t·Jr- ites his i nstruc dons dc;.:n "' one a ftek~ UH~ othe! Lt: the 
or der he des! r es t hem " SJml !a rJy ~ he places his data In th e progr am 
!n the desired order wi t h ~ espec t to t he ln$tructJons. When an 
Instruct(on Is to make ref c~~ -t:nce to ;;l p! 1.:ce of dat:r~ (o r ano t her 
~:~stru ct:io n.L, the pro g)' .arnrner (s ~ rrc tl:! hr:; now ha~~ no ldet> ,.,hat t he 
l1:;t:.:;tion of the pS .;;: c. e of d Bt<::: 11-J!n b t:· ) in •,; (~nt:; a s.vmbc L and names 
t hn 'l,.-, t- ~r. !..-. 1· r-. n.f <·}' "'' !'ll:""r .n ,.}~-:: .. ·i·.,,f",;; ,,.,-;e_· ,._ '"r'..,f,•: <.';•·••.,hn 1 . I·Jf, ···1"!·1""n· ,. , • . _. 
~-- · ~ ~ ·'-'- ...... 1'"\,:. .,\Jll "''' L. !_ ... ,,--f"C:;;:V '1>4i "-'" ~-(""-· '.:.." ... ... :., .... II "" ~ .; ... _; >.iJ$ '-· -1· ... ··"1 ._~., , . ____ ,.., ~ --~-~~~;-

t~·l iS s;:!rnb- c>l as an ad dress r)f t .. he ~-~; $, t · _ r,~.;c t 1 orr b;; f~ icrl ls rnak ing 
re fe t>cnc~~ to the piece of d::H:~ . Tht? .Kiii.~g of the symbcd is . un ·· 
Hno.,m to thE! prog ;-·nrnmer ,, and it .,.,d 1 i n:ma 1 n tmkno;,;m unt fi ·l the 
assemb1er begins working on t he prog ram " 

Thn a:;sembh• rn~og r- am ,~, th:m " \:::; g;J\rp n t h!~ add it \ o nai U:l $k of 
assigning each of the ins t ruc tions and oieces of dat ~ t o a memory 
location ~ thereby estab 1 ish ! ng t he v ~ !u~s of the symbols which may 
appear as names of t he ioc.ati ons o~ v i:H\o•.< s. lr;:<:, tnH::t : on ~:> ::H;d data , 
Then l.t may Pt'OCf!ed v:dth the pn)cess of rep'L;;c tr.g t h~: ,.:;;:.HS>,f'a t it>;'l 
mnemo~1ic with the corr-ec t b~nanr macHrs code~ ·:"HI:J i L r".a!' e;,· ,:':;c , 
uat:e th c:c address o f .:-aeh instn.t(:,tion ~n t enn:; '-' r t 
the i Ymbols Jt has prev!ous1y es tab li s he d , 



TJJ~J'-iJ_Q_g;::._g..e!U·§ ... tL2...1! 
One more spec ! a~ featu r e o f asse•nbl y :'ro;; r ams wili comple t e 

our discuss i o n of them 0 The assembly pro gram can ~ wh il e in the 
proces s of looklng up the proper binary machine code fo r e ac h 
of the machlne Ins t ruction mnemonics , check for certa!n spec; a 1 
mnemonics intended to convey information to the as semb ler itself~ 
rather than to be trans l ated into a b )nary rnac hin-e i n s i:;-u c ti on .o 
For example ,; the programmer may type t he lr= tters END into the 
operation field of a card, and make t hi s card the last o ne i n 
his program deck ~ The a ssembler the n will e xamine each card 
it processes, to check for this spec l a1 card ~ When I t f inds 
the END card 1. the assembler knows tha t ther e are r·•o mo t" z:: l n-~ 
structlons to fo11ow fn the prog r am , The END card i t s e lf does 
no t cause any instructions to be gener a te d I n t he ob ject program, 
~ t stmpl)' acts as a 31note 11 to the as :-~ emb 'l:tc r , 

The letters END in t he ope r at ! o n f le1d a r e known a s a oseudoy 
ope ra t I on mnemon l c ; END is but one e xarnp I e , Ei gh t o thur p s et:rl o ~· 
operation mnemonics are desc r ibed in sec tion f ou r ; t heir e ffec t s 
on the a s sembly process a r e no t ed there ~ Some of thes e oseudo= 
operations do cause the generati on o f words In the a ssemb l ed progr am 
In some special fo rmat ~ othe n ; mo re s imila r t o t he END card arc 
s imply notes t o the assemble r on some par ticu la r aspect o f th e 
as s emb·i y ,, 

Ji~¥1~~ 
• ~-le hav e seen ,, th~ th at . the a~ semb~ ).' P :'Og !f" i!!m d~e~ t hn~e ~ c bs 
fo r t he prog t·at'!lm e,~, Fl r st ,1 i t ass1gns hls lnstr-uctHJmi !ocat ! on::z 
in sto r age and def i nes s ymbo f s he has u sedn S econd ~ using 
thes e symbo l def!n it !ons and a standard tab le o f operation tab le 
mnemon i cs 0 tt trans ·La t es ~ t~ c h o f h L~ symbo lic l nstruc t~ on s in t o 
bi nary mach ine ins t ructions and punche~; th €m ou t r;:m c<H~ds in & 

fo r ma t su 1tab l:e ftn~ readi ng <lin~ct·:y ir: t c the c omputer· , 1 h 1;>·d,, !t 
looks f or and r ecogn izes se veral ps au do~ope ra t lo n codes whi ch appea? 
i n the operation f ield 6 and cons id e rs thes e to be soec l a l no:es to 
lt s e if -frorn the p r-o gf' _srn:Hf2f' .J ~ t s c~pe r-?Jtf.cn 1·s rn~)<1i f i -cd ::~ C J.:: or d1ng1 y c 

Not-J t h a t we k n(1~'1 what o ~)er· at I ons an a s ~:Iernb~ y p ro g r am i ~ 
eKpec ted t o pe r form , we ma y proceed wit h a dis cuss ion o f how 
programs are wri t ten i n a foFm su i t abl e for FAP translation. 

3,. F t\.P 7· Th~~ 1c:m guage l n t his ~s ec tio n we win dbcus~: the 
de t ai ls of the FAP 1anguage 0 and the f o rma t of i nst r uc t i o ns wr i tten 
i n the t= }1,;::• L;n guage : 

c, " ~.X.Ul,b2,.1.tc •. c~.r~L .. f.P.¥"XC~J: 
! ns t.ructi o ns i:'1 n : pu nch .:~ d o ne t o ,:. c :.H d ! n t he f ,,q ·:Jw ~ ng 
fornt~l t; 



·-····- -····· .. · - ····- --- ---· ... ... - - -

Card columns l - 6 comprise the symbolic location ffe!d 0 Column 1 Is 
2!h~:ev;:. blank Cnhmmf'- 8 ~, 14 are known as th<? tNHH'·3tlo~ fi,zdd 
Cf:;lurno 15 Is b-~anic Qnd the varlab1e fie1-d :starts ir·~ t: . .;:;h.ln'n Hi ., 
The varjable fie l d-continues from column 16 until t he fi rs t blank 
enltJmn f:J. reached ., After thl s first b~ank cohw1r ma;,r -t~r';;ea r an 
EH'bH:nH'Y \:;orrtnent e .~tendtng UP to :.;;:? lunm 72 C\Jlumns r :: •-"-fSQ ~re 
<~cnflwn~v ~,~s,ed f or ~abe1 .~tng and s equence m .. m1bering prl";,;'~t am ·~ . 

The cont:en·t .5 of each !ii 'fffibo l ~ c card are cop fed onto the output 
~-~~lli.Jl~ltt~'- a lonf.; wl th the octal eQtdv.lll~nt of any binary wor-d 
gt·!ner~ted h~, that car'd and the ·zoca t i o~ ass 1 gn~d t h-:1 b i '1 af y \"10r'd ., 

'ilnf. E" that r~ot a ¥ ·~ cf the ~; vmbo1 ~c 'L<~rcls ~n .n FAP ~HO .;!, fu'<t generate 
h1n~H"'i word~. ;; ~n .;:ase no blnar y 'tu:n·d ts genetat f..l<L. ·~nly the symbo·l Jc 
.... ~ . .. ...0 ·~.,. ~ <.:; r ""'d o·r• !!>'!... · ~ "'''~ ,.- .,.v·flll.' lu 1 jct·~l"r.r" •t:C -t: \,,tt I? ,J. 1: I ..;.-. .. 'C."" , .,. -; •. !J~ ,t,~,\:~~~T \.! , -! ~"ti- 'f , t:~c 

I ' · S . ' U. . ~" ' i.Q · ~ " E , " - d ~-.M.-.~-~-~fL-,~=-,·-- -(;,~. ,~iJJlccc.c.·l£\,, .. 
lhe loca ti on of an i nst r uct i on or a pleGe of dat a mav be 

fl~~rn ~~~i by .. pl .;~c~ni~~ a :$-. ymbo ·~ ? ~ l tt~e S~:l!i~!:; c~ l;c ' J<.:)\:~_:Jt S -f)r: J? ~t:~1r:~- r~ f ~ -i:lfi'if; 
~.;:;;.1:;-;d in th~ 4Jill!bcd ~f; t:3t<::• gr;~m .,. If F.! s.ymbo1 ~pp r:l iH ;;< (P"t .·~ c.;;:~ :rd C(H1 ·0 

%.+.~d n ~ l1g dl f\:.t.H:h£ fH! GfHHZ~t ioo,, ! t5 v ah.H:! \~i H be e 'i::H;E;d. lO I'! to 
whlch that mac htne operation has been assigned by th~ assembler, 
I f i t appe3r~ ¥n locat!on fte!d of a pseudo=op~ ra t!on ~ the 
dlscus~f0n ~f the psoudo ~operatlo~ must be read to deter~fne whi ch 
~cern. P. on ha c;; b~'<*:m n r.;.,.·nec.L 

A ~ymbc l co~sl st5 a f cne to s iK characters n wh ich mcy i ncJ~de 
~ e t: t er s t:· t~t,~:;n:i;} (;;- r ~~ (,~ r1 ;:;5r· ~;t1 t ~ 1; es es /_. f1 r&(~ t h r.~ Vt:& r ~ a cl . ft ~~ ; :;? fJ~~i~ 4:t r~ i?~· ~; ·r· 
the ~h~~~ ~~ ':,t~:;~' :£ mu1?.t: not be & nwni:H.H' , The fF"O~ !i -<FNft'!;;f ~ 7· r~·8e tG 

~n ·~"'ent an ·~f tJ ;·~~rH~ :~ he ~~ f -f<:es. ~i?Jith"Brt t hese .!f-'G~~(~::" t·,~ ·{;,i_~r.;r~s.; ·\ !"'ianl[!S fk;f"i! 

~~~•~-~e.:; -~it c:~l(J5 ~t:n ·f~)- r ~::. ?~·C' i rr snne~non 'f c ,.,~ -~ ~Je l- } rn&.J ·-~ t b· f; t·.·~- ;1 r' -~ fz?,,t -~ _.·; 

i·,t:>l~f <~·~·:e~~ .. ~. t cf ~F-t(k ~~~ s~_; r~1 ~"te ·do(~S t1o ·:.: ~~ttern~")t t ·:~ ,~le f i n-r:: t~1r-: s .. 3rne 
~ 1/~iltH) -~ ~-Cf;l: b~~ !t ~~~~pear !n t ·h-c1 ~;; y~rt?rbc~ ·~ P-1;~: . ~~ OC (1t.:1 i~. r~~ 
ft ,e't.:.i of .. ~~~~·;::) (f~ff'er ;::::~n- "';~ ~nstr· ~JI.'!tior~::~ ... ' 

0n the 7 09 ~ manual ~ 
0 rr · (,/ t t , rn.a 9- ccsr~ t ~!~ ~ ;:~ r ~;.~ t"t Y.' t"".?; }; 'th=2 p~~, E;u. r$(:: '~· ~>~~e rat t, ~~~r~ :r~f'5~?JHfC-,r1 ~ ~:: r;i.,:J de~i <J :e -~~ -~ 
f:!i·· r.b ~~-d l~ ~s~~;-c;t~()r~ 1;:(},1-~: r .:; i·f jt ~;:, (}i1ta~ .n:-t. ~j '/ USiA ~r; .·:~ t'f~2t~ t:) 0;1 1T~n£!ffif.Jn·~ f: .( 
t h e ,~ ~_; ~~: -~~n ~ ~) ·~- e r ~.:' ~ ·j~ -~ ~~ <:~ 1-o ~~~ u f} t h f~ fi { r.} f) i£< r- b l r~ a r '2~'" -~J ;c..,,~~ ;:· :tk t ~ {J- F::: (~ ·~,; d t:~ .a r~ d 
~n5~rt ¥t ~nt<:t ~;: ~·:l~:; ~J!Jr<.~ B:3~onb ·!ed fr; ~~- th .:~ t ;n5 t f !~ f;t": t.~o r~ ... 'f i·le 

OP-!:t:· at f O f'! C.:f t r;~:! ~:f.$:$ ~t:mt:; ~; ;;; y ~- f ~) e-· t h -~~ !l5 !1~U J-:~;- -~· (} ~)'{(] { E~ t ~ ~~~~\ ('! '5j J .. ~-~; (;~J '§ ;l:J b<t.,: 

The as sembler r eco:n~ zes ~ b1 ~nk opera t ion fE ~ d as equ ~ 
'¥'d1ent to ?'094 mach~!~~ f '";::t nJC tJon '1HTnH ~nd ;~L"o"E> £~;n::.·\t- ~>. ''J wt:.; ~d rr.fi th 
a zero operation code The o t her fie l ds a~e treated ~ s I n anv 
ethe r Machin@ ln$ tr0ct~on . In t~ l s connect l o ~ no t~ t ha t a b l~ ryk 
card wi t ~ cau~e the gene~at5on of a word of alt 2eroes i n the 
assemb led program 

IbJl""~~_r1,@J..fi,"£L~1_;;i 
A. ';!; ~!~;: ll(Wf!C ~mp~~ ,.,·S .n beth 

t~! ~~r~ a~!e ~ie!d, ~ha~~~ ~~rom 
~·.~, ~:;.n ·~ ~' bit~ ·-, . .sr ~ at:< ~ <r.· ~ ~ ~ l:s~ of 

i :J~ :=a t t J.J t 7 t ~ c~ n. t ,' rr. _;;, ~:. r.: :"'~ ,,~ { ;y ~:, r~ ( ~ t ~ w-

R 7 0 9 t~ fi~ ~1 ::~ t ·. f ;,¥-~ {~ t \ (~~ tri!fl t:--:-r · .-·.: .. ,.-~ '(;, ·~ :~~ ii ;r \ t r~.- 'r- =.·· · 



as a piece of data for Wnclusion In the program 

In most cases p the variable field contains an exoress1on 
and Is Intended to be Interpreted as the name of a core 
stor·age location ,. (The fnterpretat:Ron of the ·vari,:\tde fie l- d 
for the pseudo=operations Is described in the descriptions of 
the Individual pseudo=operatlons n) An expres si on ccns l sts of 
eH:het· a symbo'it. a decimal Integer :? a symbol ph:.:;.; a Jedma~ 
!nteger or 2l symbol minus a decimal integ~r The ~;·y·"'hol 
If r,r-esent. ,, must be the name of the location of s.o:nt; lnstruc·~· 
t~on ., 

An expression such as 

h, lntt:!rPfeted cl$ the fifth iocatton after the ]fJ t:r:::·i:.~ ')r: 
oamed ALPHA " (Such exoross ions ~hould be used with ca~e and 
oo1y ~n conteJ\t=we:lated ~i tuatfons"' a:s wh.en l.:\-'\10 !fe ·~ ~'{tfi.:~d oteces 
of data are In consecutive locations " ) 

An axpress~on 5uch as 

Is l nte~preted as the fourth labso1ute) ~oc~t ~ on ri l ~p the 

Tria specla ·~ ~. }.n~~bo i t!~.~ ~~ may ~:\e· .tt~ ·G!l ¥n ~]ft ~:r~~;.f, .. f!l (~t~~~~ r~¥ ~'1 ~r' 
place of a <l;~f~ned ~j}rmbc/e. p;~;;, ''tahJr.: t;:; t.lkrm to 't'e- tb<:.i 
1-ocation of the ~1\St;"'I..H:::Uon in:1 ns '1HliSer:ih1ed .. , TiH:n.?.fc;',f''i!~ c·- thr: 
• has a different va1ue in each inst~uct io n which uses i t 
it may b,;¢ tl':H-! <.1 6, for &;!!:.&-np'ff~ ,; 1rJhe1~ t.W in~l:l''tH.:t~ on i.''i ~fcr':' ~;; to 
the nex t inr~tn.H::Uon In the ~·Hogram as. ~n the f;:~\ -~ c:.-,dv~g· 81 &rn,;:; ·H,~, 

Sl.A '*""1 
(~ t. '" ft ·3:, 

"fi'H~ ~ec.ond ~nstruct~on In the f) ;i!f:;i)!'(ijJ ci; ~ <':lb (.l 'l/c? -~ nn ::r ~: r·nt;&:;;. 
the use another special symbo l6 ·~ Thi s svmbo7 _ to 
~.ave tYle: '~falue z..er-o !;; arj(~ f s u~~~~-d 'i:~t,er! t~-·; ;,~ pr(3ig fkjfn~~~t.: ~r~ -~1{ii f;:!i r~rJt 
~ n-~=~,-~ t ft:~ ~~,c;;rn~ {.~ r· t~~~~ ~, oc ~at ~ r; f1 he 1~::1 i s h !£~::: ~: r.:~ <) ;:;,e r ~t t.· ~;:! 1) r~·:i.l· n 
! n s \:. Of!l!J ·h ? s p ~·or! g; r :t:.Jl~ '<'l~ ~ ·~ ~j i' ~·l.Sl; i!-~- t: t f1 e C~'3 i:_ v~ ~~- C. t -~ tJ {t"-a t 1-t:}; r~ n ~-~~-n~? ~ r! t '.:t 
hi ·:?) C L/\ l ~-"} s ·.t f' l,.i1C t .. l on b efor·€, ~~ ecu t ;; ng; t· t -~ --r~-~i -~ !..; r:"J ~je r -.:?J t ~ r..; { ~ ;~! !t ~~!}c~l~t1 
as ~1r·a~g f,~rn ~n;)d -~f~~c:~lt~on .. ~ O}' ''~ous '!y' a ~1y 'B ~r. _g<.~.,-g f:·~f! tt~ fii i c;-0 
cou l d be used here 0 ~I nca the program ~ill changA it anywa~; 
the doub1e a steri sk Is a &ignal for the r ead~ r that ram 
mod~f~C -':tt i:.:~n \<& ~ -~ -~ o';ct.H ~ The ·;;,pec:lc.d ;:..yrnho~ ~ t.·· !~·. us;::~::! ;."l fhn~ r~·~y 
for the convenience of another person reading th~ pr og r 8m, so 
ht~ n~~a ~~ iY"" e(~~t::t t;:r~ ~ I. ~;! t}~OS e f) ,t~· ~- - l5 t~ f t h 1!' f.~ f og r .. ;;~~ur? ~~J h i cr "± r,n ,;y :/ t · ~~ t~h 
by the prog r ~n Itself ~ 



subfh: ~ d$. r~o the ·.,; ;;:Hi;1ble field .. f subne '!d ; ~} I icated by 
typing a comma at th r::· end of the ver!f!lbi~ f ! eld6' f o Ho•:..;ed t·/ a ·; 
!n t eger , lhts lnt ~.: ger ~~ ~ ns.e~·ted in t :, tlH~ ta;; part 1..i f the ln-:rruc<t' 
t l on be ~ ng Cl~semb !e{L A ~ccond subfl eid mav be inrHcat~d by a 
COITI!:lii foilowfng V Ht f!r ,~;(: one . Aga ! n ,, Ciil \ ntes;er (O ( ' t h0 3.ymbcl 
-~t:tr ,o to ind~cate or ogt am rnc.,d lf! c t=ttlor:) m.a;t ~lPPe~H" r, and it w ~ n 
he ~wt.duated and i nse r ted ln the decreme:-1t part of the instn1c~ 
t hnt bet ng ~:n.semb ~ e:L 

ClA ARRAY ~l tag l 1 1 ~ 
T)::t LOOP,,J• ,;l tag !s 4 .~ ddcn~mern:: !·; lc 

~ t sho(!'id be no~:t~d th$!t FAP oe r m! ts scfq<w,h::.}~~ mo rt: {:('lffiP1 ( 

cated expr essi ons fo r the va r iable f i e ld addre~ sp tag & a nd 
decremen t ~ howeve ~ , the co ~rect constr uc tion of the~e ex= 
press,~ on,:; L~. $Om~wha t d 3 ff f cu i t S l ne-e t h~ s:, 1 inph' r o:;pcre:::'.'E i c;ns 
described here wi U suff ~ cz for' almo!-! t a~~ sd tua t lons ~ the rno&e 
genera l f acll~t v o f FAP may be left fo ~ f utu re s tud vJ or t he 
ad\ff.U•eed nH'!de &." 

f .f;.? !.->eglris f.~~;;:·; ~nb! !?'!g t.t ~ ~a p. r~ogr-.~arn ~1 .:.~ t~~t:) U&h f t "'iJOu-tt1 s t~rt 

Jn 1oca t lon zero It as~~gns l nst ~uc tio~s ) da t ~ ~oids o a nd s pace 
fo~ a ~reys t o asscending l oca tions In eo~~ stordge In t he o~ der 
t hey appear in symboJJc deck The resul ti ng binary Ins t ruc ti ons 
a re punched In a rel ocatabJe co l umn blna ~y fo~mat suitab le for 

'ic .;a d ~ ng :!n.tt) ~h~ ?094 compute tr by the FG i~"fi{J}J) mordtc ~' s;y:::.t err.' a nd 

4 ~ The Ps eu do=ope r ati ons 

One of s everal pseudo~o~er ati on mn~mon lc s mav ~ppear In 
the ope r at ion field of a card , Th es e p3eudo~oper ations can b e 
placed ~ n one of fiv e c l2 sses ~ 

·~ t -o v~age· i ;: ~ t C:?C fJ t ~- rr-z ... ~ 3 yrnt~r:, ··~ ·dG f ~ r~ ~ r~ ft ,,.. t:J ·t '~ c C} r · ~Br~ ~ :;~: ~J t i r) rl ~ i 
The~e cl ass es will be d iscussed in o e r . 



The list control pseudo-operations have no effect 
on the assembled program .. , i nstead.- thev are usr=d tc control 
the printed assembly listing- to make It more understandable 
to the reader ~ Only one Jl5t control pseudo-op ls of general 
enough interest to :nent~on 

REM (arbitrary r~mark) 

constituents~ 

The letters REM in the operation fJQld , 
An arbitrary remark sta r ting after column 

The REM pseudo=op Is used to 'ntroduce an arbltrarv 
remark ~nto the assembly Hst~t!g , The entir-e cr:H·d ,; \'li th th"~ 
exception of the {}peration field {;.Jhh:h contai ns th -t:: letters. 
REM) ls pr!nt ed on the output li sting ~ No binary Instruc tions 
are assembled ~ and no symbols defined " 

REM SECTtON TO CALCUlATE CORRELATION 

Note that two d ~ ffe rent. W::]YS are !H'OV f ded for tht?. prog~··amlh';~ r-
to introdu~e cornments into hh; t1sting Ttd $ i~; b~C<'.itLH~ 
machlne language instruc t ions do not usua 1i y r eveal anyth~ng 
about the techniques bet ng used ,.; ~nd ;::omm:::n ts <:H' f·: nr::~Jd<ed t.c: 
gulde a reader (or even t he autho~ 8 af te r a couple o f w~eks) 
through t he p rog~am It Is t he r efore wor thwh ~le t o scat t er 
me~rdngftd comments ·~ !bera~ 'l v throughout the p :·~Ggra>n , 

The data generating pseudo• ops are 
I nto the program reg isters containing t 
are needed by the prog ram , 
DEC (D <6:c imat data i t ei:lJ 
con$t f tv,::nts-:< ~ 

used t o introduce 

1 A narrH~ may ap~1~er' f.n the symboi ic I•.) C<JU or'l f! eicL 
2. 1he 1e t t e r s DEC !n the operati on f ie l d . 
~! ,., /".:-.~ t~ \ n t ~g~ :f:~ i..:- C~· r· lwea ~ i::o rt~i td n ?; } r~ i: ~ ~! i'~ ·v ~~ !( i ab ~ '-~~~ f -~ '2 ~ <i ,, 

DEG i:.. u~~ed to Introduce inteee~- .n fio~ tgng po int (reed) 
constcnt~;, Into .~ proa;nlmc H the vari;:Jbh~ fle i.d contains an 
lr1tege,~:l· constarlt .. : ·3 tt-tt)-f'rJ. W<){J1d b -e ~-l sserH1)1f:d ~!h~ ch t; c:: r! t oin~-: that 
lnteger t In bin~ry form . If th~ variable fle!d cont a ins a 
f l c=-a t i r~.~~ f.)~J ~ f:1 t ( r ~;;~! .J c-:Jrls tar~ t a v.;··;) t ti ·i~.: ~ 11 b r; c ~~s. ;8r~¥.:; - ~ \?. d ~~1h i , :h 
CfJnt.ai ns th a t fioat;ng r.K>~ni:: nt.!mber ,, !1: thf! propE! r fc<m'iit fen~ 
fRosting p~lnt mac hine opera t i ons , The de finition s of Integer 
and ~ea~ constants ar e the same as In the MA9 or FORTRAN 
1 anguage~; 



s vmbo i ~ r.::: cod J ng 

TEN DEC 10 
CONS! DEC 10 425 
TliiO DEC ., 

0 L 

OCT (Octal data item) 

constituents~ 

oct21l result 

00000(!00001.2 
20! ~154b3l46 
2H21~JOOOOOOO 

1 
·"- A name may appear fn the symbolic iocation fieh:i 

The letters OCT in the operation field 
~ octa1 constant of up to 12 digits (preceeded 

by a sisn, a des!rt~d) in the vadabie f)r;td) 

OCT is used to introduce an octal constant Into the 
programc I word Is assembled whJch contains the value of the 
octal constant In the var,able fleld0 If the variable fie'd 
contains fewer than 12 dJgJts, the octal number Is right 
justified within trH:-: wc•rd The sign,9 if present is assembi~d 
into the sign bit of the word., a.nd is equivalent to a 4 ln the h!gh 
order octal d~g~t- . AsymboL if any,~ appeadng in the symbolic 
location field~ !s the name of the location of the octal data item, 

s ymbo t i c codIng 

SIZE 
LTH 

OCT 1?56!~25 
OCT " '1 

00000l'75Glt2S 
4iHHIOOOOOQ05 

BCI (Binary coded declrm:d !nformatlord 

1. i~ nc1me rna;/ appea~''" in t~~e S\nnbr>~ !e ocat~c;:n fie~~~~) 
2 The letters BCl In the operation f eld 
3, The d & g it ' 11 '' 1 fo l lO\hi!2d by '-" comma, fo l h~wc::d b\· 

six characters of alphanumeric Information I~ 
the variable field, 

The BCI pseudo-operation is used to encode letter and 
numbers in the standa BCD code~ and Insert t e codes into 
the assembled program The six characters (inc!ud!r;g bi;,.~nk'' 
and •::o.mmas) followink~ thf:' commi.l are convert2d to BCD \'P' the: 
i"t~zuHing t..;o;d h> inserted ~n the progt"~nL ./1 symbc.L,. lf any., 
appearing In the location field is the name of the location 
of the BC'{t \·Jor~d 

BC~ 1/.t<YC 
B C l ,t . ,) l HM ':! 

~~.5?02 Jf~050t?U 
6 0 1$ 1 3 1 ; '~ i1 r., 



x n add ~ t- ~ t:H1 to tnt:: u~L!al procedLn e f;,:.H· a s s~ !tfd ng: names 
t:.' h};::a t ioos. by :."1- ~ ~c.d ng th er.1 in t he s, ymbonc: loca tion f ield 
of ~i D:-:le lns truct ~ o n.,, a name may b~ a '5·S igr.ed by the SVN p<reudo""· 
oner ~:ltl Of\ ,. 

l. ., A s, vmb o 1 ~:n th~ s~f'mboH \:· £ocat~ on f ~e ~d , 
~ -· ~rhe -~ - ~~t t er-· 5"; Stt·f\i i ~t tJte (tper;.Jtic~ r: f j9 -~ ;J 
3 c An e~pre~slon In t he v~r ;ab l e f~e ~d , 

A ~ e.xpr·e~~S:: ~!-~r~ ~!'H t r, ~ o:.ta r-· JH~) '' e 1~ i.e--~. d ~Jfi ·t -1~;-J_ ~~ -liN. pse~.Jt!c; c ~otJ 

~ r:;. a:<:;"S,!Jfi!~d t. o b~; thti~ narne o f sc1ne lo c. ~;t ~ nn ~ n t h •:- c cmH>U te t,,, 
a.a·; ~ Ot\.~a ~: ~Of'~ AHJ Th e ~:l~f!bc 1 ~ ~, th$ -~.=r~f'mbo1~f; 'i: <·~ :[C_l [ ~(::. r~ r -~ ~ l d 
I :s rH.:i. i gned ;a 5;, t: h~ name o f iGc a tlon !-\ ., Nc: b• ~li·i3fV wo~·d~ ~He 
gener~ t t:d o t ;. n.i,et ted ~ n th·e p~otv·a.rc·~. .. SYN ~ s, commen l ~, ~J sed 
to )~'ake t.w.;;:.; .'iymbo ~~ {pe:th.aps p~·~ov) ded by d~~- r~re~t· ;:•: 0g ."',;N1!me <~s-l 
iiio yncnymou~;. ,, T h~Jt2 t he <;t,;;ame l o~at. h "·n mav h .a\H? t·s; o:.: n-eo ~- .;~ names .. :: 

B SYN 
SYN At. PHA'!?, .i.e. 

Jt~ n ~~- 5·: t;·n~ t.• T .. ) >.: a f)p,a-a r ~ t~E t ~ --,: t ~r is r· ~ ;; {~ f ~: :t;: ·r d {) f .a r~- 3 ... ( f~ 
~):?fi!•tJJch:t ::.. op.~~ f3 ~~.-- ~ (Jtl rfr.!} ~;.~ t~ L e l.' ti f)(' iiY~f t ~~Jt7-~fl '§ '·j (~ :;;f ') (H~ -d ~- ?- r T ~·) ;·~ t 1. ~; _,,: t:, 
ra,u '5.~- t a ~;~ ;~ f~~ a w l r~ t~- r~ ~ .s :yr~r,t~ o-f ~ ( ; -~ .-::-:~ ,~~ i:) t ~ o- n: f i a '~ d ( 2-f r1 ~:::a ~ ,· o -(.~ ~~ ti·-- ~ e ~-: 
In t he d fl;ck ~ 

f~~otr~j ·t:~ f~r {~- r~u l~ ·f_ t11 o1: :;.~~ ~ ·:f f~ ~~, ;:~ -~1 -c: c ~- r; ~~~--:e~ f o- ~ <~(J-~.1 ~ f:},g 

t\ii10 S l! t u ;3 t i ·~m '' ; 

~ j'~ ~- te&~ f ~ ~·- s t t\ t.o:-t~~H l\ i ~~: t~ ht:~ r1 .:3~~YC r.:tr f ~-~.: ~~~ ~: , ,_,_ c·_:;:i r t c~- o ·f l~ t'"·~ ~;~ 
d~c~ rna ·~ -~ rrte E:~:t~ ~r ·r_~\)/ :' . ~~ t e~ }~_ 0f;:· ~~s ~ G:: r~ t ?: t c ft. ~- .~·t ;~ ;L· ;r t~ :.::~ t :j ('r~ 
~i\f~~ -~ tt\e g~!!~~r(; Y ~ ca-tt·:_r,-:.: t:· :;.~ <1 ~~-,~;: ~~~-~! a; ~r!ter;e g; ~- ··s f_ -:!· <:~ ~=- ~~: ~~,~ i~t!- f!; ll t 

Int o the AC a 2n t he 
f •ve~ and If us ed as 
1oca tl on 5 ~ The CLA 
cont ents of locati on 

s ~cond ~ SETA Is t 
a :;'~ ~) r r: :;~ ·-:~~ !." ~:.;- ~ ? :1 -:: ~:~-t .=- ::J ~:-t ~~ ,~ = C io :· -~ ~-::· ~::~: ~ - ; ~-; 

l n~t~uct l cn erefo ~ e wi : ~ · 1 nt ~ 

1 -~ -~t.tstr~~~tf.: -~~ t~1 ~' ·1: c.:: ~~) ~l· r--~ :J~:~:,~: c:. ar r.rf~,;-§ 11{ ,J~:?-L ; r;_ g,;.~:'i ·':~~:_-~ ':+~-;.:~-:·._.1., 
t h !!': it~t~ -f.:-; ~ -~: - t .,) ~-~; ~:~ r4. t~ -~- (~· <." ~J :·_- i G~ r~ 'i?l P-t.) 't ~~ ~-- n ;,;,rr· r~- (: -~:: - _~- ·: ~"·- t· ~ --~ 

1 ~rc rag~ 1 ~~~ ~ ~ 0~ 



lt1 some prof~rams § It is. des¥rab1e to set i..ls!dP. a sect!on of 
co re s torage for an array of numbers to be computed by the pro= 
gram .. If this sto~age space Is desired in a program ~ some 
wav Is needed to inform t he assembler that !t s hould no t p1ace 
bn'f assembled tnstructJon:; or dat ?;J In th e 2'i f'ec . Th e st0 r .:rge "' 
a!iocating. pse\.!do~-open~tlons are us€d to accom r::. n:;h i~h!s ,. 

BSS ~Block cf storage started by s ymbol) 

1 .. A. na\f:e may appe.£lt tn th~>. <:¥'/ mb o i &c i u,.: tJ r:\,)n f1t:1d,. 
2 - The letters BSS i n the ope ra t ion f i e ld 
3 ~ A decimal Intege r In the variabl e fi e ld 

The BSS ps£udo«oDera t lon causes a block o f s r age cells 
equal i n 1~n gth to the value of t he In t ege r tn t he va ri a b le fie1 d 
to be -se t aside Any s ymbol i n t he s yrnbc. it c !oc a tl c n ffeid 
is th~ ~·,.a•T~-::~ of the iocatio!'~ o f the fir s t. c ~· it '·'l'"'. til ~" r··,\ock ., 

"t, e t tln~ a~;ideH of a b~od< of s:tcir .~g ,~ ~ = ~:··l 
fact tha t the ne xt Ins truc tion after t h~ USS w! l 
a location a f te ~ the b l ock t t he cells fn b e twa e n 
part~cular b i nary number assigned to t hem ~ 

sy~bol lc i nstruct~on 

.10 

d ~F~ t'~ <:£ d b·v t. l1e 
~H; i?L3 .\' ? :;>: n~ c1 

\1! ! ~ ':wve no 

Tha organlzatlona1 pseudo-ope rat ions a re used t o l~dlca te 
~mportan t f eatur e s o f the prog r am t o t he ~ s s~mbler~ and pe rta in to 
t h (~ ,c;n t t v ·E~ ~=·; r t:.~ £~ r arn r <::: t h ~i!- / t h cl n t!J .t:~ s ~ n g -~ -~:~ ~- -.~-: ~:~ t t L',C" t :~, ,:_"'~-1 ,_. 

A.s ~~ f,~·;c h -'i th (: y nttJS t ~1 P P ~r!a r i ~; s r;c~~c. ~ · .;~ ! c ~~~ ~ 8 i~: e ~~ 1.-.1 1 t 1-~ -~- t 1 t h t~~ ;."J ro g t i'~ (Y~ -·. 

lc !he l e tte rs END i n t he ope ra tlo0 fi e l d . 

,_-. f t he pro ··· 

E x~:mw 1 !£: ~ 
s yml:m 'i I c 



·---·---- ----···- · · ·· ....•.•........ 

1 -- f h e l.~-::tt<t•rs COU fn ~r; the oper·atlon fi.:~ld.., 
'l A"' !n tef.er In the va rL::b1e fi~~ld , 

Th e a5setnbly c.ar1 b;~ ma ~ie- !1Y.Jr~ e eff~c1<-:!nt ~f th-e ~3s:; ~-r, l.Jl ·y 
program knows th e Appr ox ima t e numbe r of caYds to expect tn the 
program be ng t ra nsl ated . Th ere fo re~ th fs optional pseudo ~ 
operation ~h ou ld appear as the first card of FAP programs . 
'The number of cards indlcd.ted need. not b<'~ ~?:<:act . 'f na estir;·.at(~ 
Is g1ve n~ F~P will a ssume ?C OO for the c oun t .• and give an 
a ~)0 r n. r·t f o t f; ~:: ()fri~~:E: r; t. on t h~"!!;_ u ~:; ~~- f::n t~ 1 y 1 ~ .s t f. ~1 f~ 

E N1~RY 

1 The t ette r~ EN TRY in the oper at ion f le i d" 
2 . .-. lit:t. -::~ vrnb n~ !:-1 th '~~ v.~, y-f ,.:..~b~e f!,::·1{i,. 

; n a subprog r~n l wh l~h Is to b~ used ~Y ano t he~ progr ams r he 
t N:ri~ ;.~ - n- ":-~ t::~+ ~ .--·tt·f] P~ e- · a- t~ t) r~ ~ ~; lt.l § c .J t .fJ :~ t !·1·2 f ~ r -~ t i ·t-i ! ; t ~·- u~; t - ~ ()f; ~) .. ..-h -~ 

.1 :s. tc~- ·r..1(~ e --~~e ~::tl t .. e<J ~ n th e~ sc~~)~~ -~--·c·t~:t'fi rn ~.;ih.f;i"~- ! ; i ~;-. (; ~ ~ ~ (~c.1. 

The ent r y card ha~ th re~ fun ct ions~ 

·;,_ r~~. d~;; f!n~~. t~·~ls. f;fi)£~- !- atH t>~) t1~ 0 $t~t1 r ~),_,!(I r7\.~.- . 
2 : ~ t d t:- ·f ~ s~1es, t ~-l ~ n:;1711 f: o-f t ¥·1 e :;d . .£ b r t)U t ·t ~~::;.:: t (\ ;~f t_~ t. 11 :.:: 

s ·:vn1bf) l a;.:~~;.,;~ a r· i rrr~~ ~ S"~ ~ ·.t-sf \ i a ~ ; 7 -:~ f -~ e ~ d ~ 

·rr··1t;~ s ·)f~Tc t)() ·i a ~~·:: r; e•dt ~/'~g. ~- --~ -~ t~ ·1e. \?t:) t l ~; t; ·t t: ,r' 1 ~? ~ <..~ ~~1u:~ t ~;rJ r~ ! -1~~cr.l ~c 
~~ i-) !,-:h appears ~r1, t~~~ ~;yrr;bi} ·1~ c ·~c~c~?tti r:,~ri f ~ r~ -~ d :_)f :~ ;:>rn~ -~r~~::~ t ~-:~· ~)Ct~ c:r~ 
lf.r ~ t r~ ; r~ t i ~ e p ~-· r-~~; t a ;·;: -~ : f ·~- hG- E r,_;·rz::. \'~ r) ~? -:: ~~ ::_~!.:..> ~:- r; j)e t- ~::.: t: 1 f.?~:- a r :,~ r. ::~H; d r· '$ _,-i .: 

;nu-±:- r b-(~~ f.-'" ? !,; {·~ 1:: t i -!3 :. t !··t f:~ b (~ [~- ~ n ~-,--~ f :-n.,g c; f ~· -j r·; :_:-· ;;: t· -~3.'~Tl !·:·t n ti .s 1:--.. ·o :~- · 

r..r~ -rr;v co ~~. 
[N;TI{Y- P~·-! l 

i¥:X~t4I,.,.,J?.,1,~ ::i.~~-k';,~~ , · 
,a)~ ,~ emb ·~ l p ret~ c tHn 

~ t .Jfi~l<j -~ - ~i ~ - .. , f.ie >f-. t:) f -2 r f (t ·;'' ~- 2~ i:-1d. i n f Ct: r rn t i1-r.! n "! - () g ~- -;;: !-r ~r--s :· ~' ~- ~-- ·_-:•?:r-~- ,. 

~~ ~ :t -:-1 ·~ -~-.~::- ~::1g ~ .:~ ~:_ h =e::~ :~_.: :;:~;-_ ~;n e -rl tW{) l. i}_.,e=:~ :~~ f (' / · - -- ~.,. t:r·~t~:~~~: -~"' L (:f ·. r~-::~~--·P 



~t imp<)·:;.slblf~ t(J ass~~rn!'.,;1e t:he pr,.:;gr-an·~ ~:(:rt' E~(~t- )/~, 2l t ::;::;_._;:::' 
can lJet:-! f-1$-s~mbleti_~j b~Jt are pt.-ob b~~l ~;;1!p::; i_)~t ~·1t: t)r{f}~~·- _;;:;n·,,!~·:::~ 

A1<1 detected er,rot5 are ind~c>ated t~J the r.:r;"·~Jgrarrdn,;??~~ 
bv the presence of a letter ~t the left edge of his assemblv 
IJstlng adjacent to the instruction In question 

A1 und2flned n~me has been us ~n th~ 
ln the variable field The 0ss 1er 
Wf~ar 1CJCi~( Jort C{)fg~(:5t)C,r~~...is \:fi tl~i~! n;Jn:f· 

This instruction ~ses {o 

'·--

The operation fi~~d of t~~~ ;nst uctfo~ Gonra~ns 
a mnemord e ,Jnknown to FA? 

The adc1rt~;~:;,; f~t::~~.:i r)f th.ft; 
ooeratlon contains an erYo~ 

Th~s SVN pseudo~oper2tlon co0 
~1a:5- ft()t y(~t ap.p-~~.::l:(~d ~r-1 a s 

~ttempts to use the 

~~~~ ~~ j c ~t 
~ ~-_;. c,~;; t ~ -O'YJ f ~- ,p -~ d 

';;./ i ~ l a. f} r:o•.~-~~i f- t(J ·c. h r; _j ':; :£~ ~ :t~ ( t /_'t. tJ f; 2; -~ r·"", -~ -~ ::! { L~' (' ~n~ c,) ~· t ~ 
b ~; ~ 1 ~; o ~.. i ~::, :~.: l f! s :; a ~: {-;~n ~:: t c h ;~~~ t 0 b:; ::-~ u t ::·: -~ ~ (.r:r~ --~: t": n :·~ray b 1~ ir~ 
l.n "th.~},:~(~ -~~i!Se.s t:-'<,t;_, (iJ'f;f1c~.-~f:t·;!' J;:. us Bl \} :jh\f "":t~;-~:! rt:'r~··~ ;:;·.r\1. ~·n~~ _';·-c 



Sample program , Fills an ar r ay with a con~tant numb e r ~ 

F AP 
COUNT 
CLA 
AXT 
STO 
TIX 
HPR 

ARRAY BSS 
WORD DEC 

ENl) 

WORD 
25 /J 4 
ARRAY·f25 _9 ~ 
\41'=1,.4~1 

25 
15 

ASSEMBLED PROGRAM 

lOCATION OCTAL WORD 

0 050000000036 
1 077400400031 
2 060100400036 
3 200001400002 
4 042000000000 

0 ,, 

36 000000000017 

GET CONSTANT lNTO ACa 
SET UP FOR LOOP 25 TIMES. 
:NSERT !N CURRENT ARRAY POSITION ~ 
iNDEX, AND GO TO NE XT POSiTION s 
ALL OON£.., STOP ,, 
SPACE FOR NUMBERS " 
CONSTANT,, 

SYMBOL DEFINITIO NS 

ARRAY 
HORO 

VALUE 

5 
36 



··--··· - --·-··-------
--- ·· ··--- -··-···· 

GUIDE TO THE 7094 MAmJAl 

For study purposes on the fl rst pass through t he 709~ manua 18 
the folto\'dng list of relevant section~ may be f l£:1:du l -

S V S T Er 1 0£ SOU P T I OfL 

CORE STORAGE • 
STOHED PROGRAf·-1 , 
FIXED POINT NUMBERS ~ 
FLOATiNG POINT NUMBERS . 
t N STRUCT 1 ONS ., 
CENTRAL PROCESStNG UNJT 
ADDRESS MODlF ! CATlON 0 
DECREHENT FIE LD . 
Cm·1PLEMENT AlHTHr~iETIC . 
~NDlRECT AD DRESSING , 

lNSTRUCTION DESCRlPTiONS 

CtA lOQ AlS 
ADD STQ .t'\RS 
SIJB HPY l . ,., 

q~ L. ,:) 

sro DVP tRS 

FLOATI NG POINT tNSTRUCTtONS , 

FOP FHP 

TOV 
CAS 
XCI\ 

Pag~ 
s 
5 
fi 
5 

(\ 
~· 

9 

INSTRUCT i ONS FOR MANiPULATING lOGICAL WO~DS 

Ci\ L 
Stt··i 

lGl 
lGR 

HQL 
u~ s 

l'EST AND BKANCH tN STRUCTiOliS , 

THl 
TPL 

fN OEX lNG 

tXA 
SXA 
rsx 

C1-IS 
SlL 

i NSlfWCT! ONS . 

PX!\ 
T! X 

-rx t 
TX:H 

~rx l 

LOO K AT 1 ~ E APPENDlXlS TO SE E WH~T MA1E2 iA t 15 T~EUE 
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l.-iL!·-1 CtH'pq file no.: 7091~-=,01,, forrn no, 12?,.,·670~~·1-
{The 7094 manual# needed for ~achine language 
progranmlng)o 

luB.Mn Corp~, file nor 7090=21, form C28·6235~20 
(A complete descrtptlon of the FAP language)" 

Sa Hzer,; J" He.., LZJVlQ ~hJ-~J,Ue PrpgrammiDJb.Ji2_t:..l$bQQ};:._. 
g_.g.~Ll.ttbon~,li *·i.So thesis, Septembtat""• 19!.)3,, 
Mci.T~ 0 Department of Electrical Engineering. 

(Introduction to fundamentals of symbolic mach¥ne 
language progroammlng,, Avai ·~able in the Document 
Room, 26 :,270)" 

Corbato& F. Jc• Poduska, J~ Wo& and Saltzer~ J3 He& 
Asi~~~..t,ru:.,.,.ft.O..M~'i M"I"T. Press& 1953,, 

(Operation and construction of assembly program)" 




