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L P~P U u a•••llbly l-.q~asr• t4'l!:r VH 'lflllO d•vol~ped n"' t\~· 
1flilliat.m Dab PJooeeaa1!!iS c.&\Ul'g &t UCLA" h >~>'IUJ or1JiDaUy (?~,m.g~~Ve6 
aa u aid lD ~triUM& PMITBA!t .. c::MpaUbl~t Mtar:;~~ laa~JUqe P,I'Qi$:~ 9 
...a dl• FAP uaosali.l1 PI'O!Il'<&a •~.rlU t't1t~U!1J ~ l'jRTBAW ~.itor C'fU.*fii<" 
lk!lnYer 0 U l• -. ea~~P~ete rueeably Pl'~!"M l~ 1 ~· @ft d.~~~.,, a~d l\a:o 
aost ot the leatu.na of aodlln-.day :tUl9>ti~ll' pr;fJ'Cn.llttli, ill)clu.cH.!!>.i tJ!ia 
1DdepeiMiat liut-r011tiae abUU.y -~~c..~ ~;!Ui f9J'oi<111'GG "aluAbll} '<'!'V~n 'lll'~fUJ 
u~t wrUiac FfMtTMII atAbrf.M!lt .lQe,., o 

fti'O\'IISbaut. Ab writeup .U •U! oo a••~ tb..u. t!'M> rea.dtu• Ut 
uaqua1atec:l •1U~ a~y a••••bly ta.oauq~ 9 tlut ~~ ta~!.Uar •H~2:1! tt'.a 
opera.t10D q4 •..At< 1010 c~tiiU' Ud ~~~ ~g~f H• matnu:;UQn11c 

O!DlJ' u ••aeDUai\ outm•!t ol ~~ f~JU fAP 'ht.Dg'..IQI~ 1.~ ditiiC::lji~Ul~d 
!la9n 9 bUt nave~ la aa1d tQi Pf'.'r'il!lt •1·1t!,.. c-M~~le~~ 9 ac¢il:~'g,t~;· ~~·~n4l!.ii, 

2" lfbat U! &'-\ i!.aasftbl11'r1 /ltJ; ••••lltblt ~~~~ ~looaw tu t~lr'i !1"./.i~iil'! 
ot ~.r·<~rAM DO!m a• .!!!..!.!!! pr"Oif'AM:: th'! ta 9 H b if ~l"f~fll.W! r,:~.~.$' 
.ailed i;,<.'l aid 1~ @JI!GI."I f;ia£ "'-1' b'.J"'f;,f'U!Iliit\C ~M C!F.~'ih'»!' ,, HI pu~r~Mi' l'J 

t~~ ta¥• u u.~~~ ll •kr~I.!'Uwd :17Abollc: .i<!JliUUr~ t4r- a maclil\11!\tt bl.rl~q• 
Pl"'Ol"P. 0 Ad prodlllic. U tiN~JIQt tM bi~At'J' u.clU~e .l!U.\(i\Ul.ifO Jl.l"CC~ f@~" 
•~tell! t.llo ayabol.l~ aotat.:1Qf.l na a al!ij,n·~d •) {J.Cgta ~e uaHad~.J 
'tMttHM Upr. ll ud t1pre 2,) f.r,.r **~Jlf!. U-. 1000 bi.DiU'}i adt1ilmfl' 
lt!i&tn!!ctiGD t9 add 'tiM CU1ttfltDU ot i@Ca ·U~ HM .Ulf,@ !Jl»4 a~.c~Riliftt>.~m 
u (abonv;tatecl li•re ~~ <!Ctal)" 

Wit)). tlW aid @t ~ aaaabiy pr@!J.nA,;. U ill ~aU>JlG 1AsU4!'iUi t,;o p.m!IJ~ 
lDtQl a card t~e l~uon 

MID Ji.J..,pft.4 

11lla uaellbly p~ru w:Ul look u~ 1Q am rl,)pttraum. Ubb ·.-:he bi~ary MdfiUa~ 
operaticm code •.to!; c>!lrre~tpoof:b\ t@ 1ttt• "iia'S(fl'u -.IIMiitfl ·•Amf"'" h 
trriU taka tbat. bi.l!»ary ~~.1 iMart. i.A ~!' U~ addNUi(J ,tJJM4'1:iJJ.1~$ tt:t t;J;'\?•~~ ~ 
vaUrt& tu 8JNml '•AtRIIA"" ~d ~u~~ ii.~t ""~"" nt!ili\lH,. binarji' J,,~,~'l;;~~~!l'.;~~ 
oo a card 1A a etauarc1 f9rNt si~ !I;'M! b~tf :r&'ad back iuto t•AA~ C'·~~l!\t~~r 
aa 1t.11 iutNcti .. m, 

fa tN eadjt days <!i1: <;~m~•·~r~-,, t·rF~'l>llilbl,y pr~~rau ••.r$ f.l!C~ J<tnitla~~.~,. 
ud prQCI'8Jlllt8l'B ~ ii;;;. l r ·z ' ' !!'ina;• f'Jt D\llt\~J·• to P'*~ftlliM ~ 
t.~ ... 1Datruct1o~s tbey ~tu·~ ~111 Atr~ ., 



--------------------r----------------~·- ---- ·--··-· ·---·- --

cc- 211 

Oeaen.l . ec.puter uae 

h\4..,. .. , 

,.ro ~'C""&-\N\ . 

T't'&f\s\4t,~~ 
~'("~ ... .,."" ( ~ ,, 

l'ipl'e 2o 

, oqo; 
'fJ oq'{ 

Pace I 

l A~se~\1'1 
_\.ls·hil~) 

81ace a •trias ot auabera baa Yer,y little aDeeaaic valae for .a.t 
people, tale pna&l'88alln of tlaoae daJ• actoallJ iaveated • ..-1c 
..-. fOI' Ulair iutnctiODII aDd prosra.aed 1D -ce .... of dleae •J•bol•o 
Wllea t1aeJ bad CQIIpletelJ writtea tile procraa aDd were •atiatiAtcl witla 
1-c, tbeJ ca.. ntwl"Ote it 1A teraa of the b1Jaa17 allllben nquired 
bJ tile ooapa'Cer 0 aDd tb"e billal'J auabe:ra wre paoclaed iato paper 
tap. or cal'da •o tlaeJ coulcl be Nad iato tile caputero 
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;;'+.u~:.;;. r:~t..t--.;; t t ~ ;;_,,4 :1 ,:: !.:~--;;., ~q :~_-,:~(:V~i: •. _o, ~. ~r~.l':. r .'t 

fi_:;:~,~ t.i:iJ t: ,-, ~.':1)!.1<<~ A~t k< ll~ t~·.-.t:: -~,f~ r· ~ .;:, N :..o-~ 1,~ \ fl ~-'{t_ t; ~. ~t ~,~:ift~; (t~·>. ;:~~--~;f:~-- -~' tb~ 

~'!!!~t<®•tf- t:A.,_ ~Jift'~~.-. f'U!MitH.!,!!U.~• ~.f' ~~~~~i~''!t ~r·~iJ,&·~ t(l).:.J~~~ :",,,,~ !>,fSlc•l:!<mA ~ 

$.;!•"'"''1t'~''~·l!~~... ''Ai! :PH:;,L, U! u•i:l ~ii~.ll!' e\l:~r· ~·'<')' @{ ~.~,~ l~.,H.:;•-l!\.,, ~f~""'CY>'t.l'<ilt'"-~ 

,.,~~;:~·Ill 1!ii~~f'f1fl!!j"-ht !'~U ~-"' 1tl;i~ ,p~\''~-~'~4', A• ~:~?~i..:t Mp~~~ ~~ .•,•:t 
•,!~~ <i&J~'""t ~§;t>,;-,!'.t1•;I#·¥•-"' Ill·~~; .• ~ "·!t!iN 6.t>ki~,~4!!·4 (!:,~J- Kt~ A~·~!!lit.;~r .,._~i~Ilt 

Ht:r~:;t-~ 1\i!z-,. 4<:: •.~'' 'l<,•¥-lNt~.$~~ !jl,iiia,<l'liJt f~.~ '9\!t~~·f itl" 

1~• ~'>-+f~.a·~~4n ~t,M;$~tn~ ~~1-t'~ <":Ui -=.l\4h;it ~~* ti<•H'U iit!> t"~ '!);,t 
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t,;,~:<t•i!. t~:iirt .. ~.~~ ln.,(:"- t\ t.c;.~, ~.0\ •~rpQ' a, ~:1:1@!-ll!@ ~,o..,, J\i uu~~ r i\f 'J t:M ~ll~· ,r,t!l·'<"' 
®l '*\t.ll ~\,... Pir•->-ltnv.t. ~~::sw,, ~ ti·t.9.it. ~.ii'.Hf'ifl'· .e, ~l~c;;:~ tll!\ ~t.,~r~tt,tli h~r ~~..., 

~i~:ctl ~~r t;.-~4 ~·~r ~·!tf~ ~. ~!iiii'3;N·sH•~· •fi!,(I:>:Gtli-~ r.,t~J< ~.·~ U<li~ tlt~•" 
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if\..t,:l?'li'IP''!;t>I ~~(~~;.~ !ill4f~ U ~ ~n·~:.t, if.t!l\';f (lfJl\i~·~·~"'t M'l:<.4:~1Vii'H.@t:i ~'t~ ~ 

ilrh!:M~ !\.'>. ·'·'~li\, 4¥4lq~iA'··i£"1ff ,, ~~<t>N f.!t ~(!:!: r~ f;~" Ml!l §l-oj.~!i\.tl;'-li!Ji. .. J :ttJl~~ ... ~~tU.•;!I:iJ, 

'l<l'l; .~:;;..~ !1>~'"''"' i'!.'rf Ut >ii,J/.J( ~ i4l!IA~N<r'·l~£~<~ (~~~~~ ~J:'I!!r[l.~~"' ·l1iilt:iJ fl,{\iH' f.l!"""'> 

t•!Uttd\,(>i!.~.n;, Mttft ~& Ml 4Iw:·~$<1l G~< @lf!l,. ~')!lrlU.@JII: l!l> -.ltf'.l•.tg o if~}!@ 1.,.):,;~. 

~·~!~!' q,.@J('\.>!i>,~f; .. ;.,il;(f.~. [!~;@; 1"**-f> ~&";~b:li~~. cJll~·.;~i',,~[' [;~k·Sf~j;~,"*rf· "''""' ~?~tl~i~( .i.l/i;it.f! 
>?.•1 .<'H Q~ i)}.+-!N,:tt..UJI;.& ._,llt.t·~. r~tif!i~ ~--<i l~li'!Ne~h~~-. !"'t\l<il j.Jil\tt otAA}tili• ~~"' 

.fl_.(;~ \~·~ ~q'ltt!!<<Q.i t~'"'lJ' ~;<'tt~f-~it!~~ ~t ~· <:~~~.HZ !~1 ;;;©>!'£''>1'1~~1 ~"'; ~!!il~ 
1!'!\!IWI l.pr;:.t~>\ •14~ t.:d. !t~ ~-?ll~5;f'1llH'~.l@il))'!). Q\<l!1j<~,->, 'f&-.11; i;:l,n~:t .t'~f~~ ~,r; 

r"h;~ ••..J<t -•t··:,;.li;J<4 ~~t~ oHO<'~,..t} ~ .. ,11) H. Al\lR'~~>"i!!> ~.~,.,. ~U·o:!;~!~• §J'/ <\II;>~•:Jp:.~~. 

~~'·"f ~.q,...,,. \ '•'21~;. it@.: 1,~,.., ~.;~or••i•.~:f ~r't>.if~.. 1'1!1~ !!J!!'~.f..t~r ~ l~Jfr•Lt1 '*ifl •,<;>ii 

ll;tl(t; ·,_!!;f;f.!~''t:~.-.. ~·,.~ll!'~~ ~.5-!l~: •. @Ill~· ~ttt!ft' Ml~ .tJ)'f~!ll'f' ~.fl' 11~~ :2·t4_,r ~!r 4,~-~~.;lf!l ~-:.~~.11., 

.Sl'J!!l~.,t-~,;" .. ~~"' Jp;,\~r·•-11 l~" .ti!'~.:\l\ .lLFil ~,~~ ~~<l:f'.~!IJJ ~-~ ~\~J: ~1t;~H~!,l; {,'l.l!'itli! 11!.\,;!l1; 

rlil,i!'~~(;:t f.,._,, ~J.i"~ ~.F..:t:;i~-;:.;t.~-i-<i!l•iJc, ~1 !11.~ Ml~~rY~ft!,<s>~ H 't1>. ..,.~,..,_ .rt~.i~A"\Oiit~;.,;.. 

t.;;>.• :! ~l~*·'~ v.•r 't>H<i'. {tit ~c~U':$1.' .M!Itil!i1\ill.t:.'t.l~_,~\l., ~>~ .J¥r'&'(tii':.~or (>:! ;;;1,~lf ~\!'! 

i;',i?.• !!I'Jft*l lliWt ~4~ ~J!llj\ ,.Jb',• h~'~tit~ :<i.( ~~• ~~oil!'~'"" £;!: !~~ir4 -wU~J,!, ~)} t~.w•~~¢ 

* 'fl>,t18b§·i. ., U~>; £~!!~,:! l<,.;~>.- ~ :>i>C':I<I <I; t~J!); c~f M~ ~; £~,v;i!i' @f 4~ ~ *~-f.~ dJ!. ~- >!J 1!J.~.,.s.; 

l~ ~));<!!J,~ ''~<V"'* ~,'!j, h ~f:tt.b·-'.l .">ll'· ••~ ll~~~tJ'I< .ert ~.~ !,~,~~.t~<I.H ~~ .. )\II~J-~1!; ~.~ 
w..,~~li!J¥ t>wri'•H·,.~,:<$<. i;;p) 4/~•# ~h•f'\t; c-<M 41~'\4:. ''rk !!!!~~!. (g;f !1..~@ 41,'tifif.I@J!!. !qj ..W~•" 
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~tP~·• ~.~il'~.!,""'~ ~'l~) t'Jt..- ~·~''t .. f'iiYI'c• 

1't..- ~-~~·•-:'4<tt•J g;t§C~':!lJl;, ~~o~;~~,, ;,? ,(4'>·.Q;~~ ~~t) 114~-'!1,~.1t$lftlfR ?lii*-lt 2.>J ~UUO.ft!!;.;~·w 
4:1li~}Jt ~·.f l'(;~\i'. ;41;.-;,~r-.•.,;• ~ t~!!f,IJ .;.~ pi.,>:::fot. ·~,f !$~:'1::1< ~~t ~ ~<;i.T:. k><c4'Ut•i.IA!i; IFJ1i,,HJ;t·.j 

'""\t.ill!~l~~~t:ll;i{ ;\;~llo' lt,fj,~~~ @,( '!~ ~J~'l~:il:gil;t• •iillil.;';~ i!lllotlj' -~~.9\.f' ·t..l!l #~~ @{ :t/Jw 
1<5.""'·U~:\l~~ ·M' 'ff4A'h~ll t..llllli~N~f!f;,~i!! . .a!Atll1 Qii<M-o 'n;~ :H. W.t i!/ll'''!f<i.i·~f;iid 1fil.~.~' 
~.~,.- ~r'@·<:~f.lli ;f!,f ~"<!!~i!A:foU;f "''* rJ~.f"'-! ~.o)!Yl ~lf.IIW~i~ .-H.~, ~~ (~@J"It'i!SI:;~. t:!'.#.-\f!\.c.;~J 
M>~:~ur.~ o('(•Y.I#¢, .~~.~ H ... ~, ~WJd,\~.\'¥11;~ 1;~~· ~"/;tt'fl?~~ ~t 'lj.!)l.i;~ fjij;J~ir!\ll-1.7~'~~ i~t 1\.oU:~ 

l•lf ~~ 'iJ,J';AU.fif ©>! ~.M Pj'~ci;h ~-~' ~~It!!' ~~t~;t t~ll!.f ~.H<~~·~ ~~ii;l'-t4 



OM 110n apecial feature o.f ua•blJ PJ"O&ftiUI •Ul COI!Pl•ta M!' 
oi.Awaalm gt t.MIIo 'l'be aaaeablJ Pl'OCJ'Aa caD 0 llbU@ i~ tlw. Pr9C••• 
« loakiDI up tbe p.rcper b1ury •chiDe coct. for eadl of tile M~U}t!l 
iutruct101a •eiiGD.lc:a 0 '*-ck for certain a pedal •eaa..1ca iatac~H 
to CC!DVe:y 1Dtoftlllt.lao t.o the a•••blttr ~ueu ~ ratbier t~ to be 
t:raaalatecl 1Dto a biUI'J' •chiDe iutnaeti(!D _, ror eaaple~; Ule 
PI'Oilr.-r •7 t7pe tlae lettera &tm 11.\to tu otMrat1oa t1.e1d of a 
o.anl 0 ucl •Ire *b cal'd tiNt !ut oae lA IPJ.a PI'OSI"U decl&o 1'bfj 

aaaeabler tbea w1U naai.De eada card H. pr~•••• •J to cbao.k tor i!'oMJ.a 
t.~ial canto ftM 1t flada tiM UD .-nt~ ~- aaweabler Ja:u~n dult 
~~~n ar• no Mre 1Datruo.U.OJU to tolla. iA t.he procraa,,. 'n!e BXD 
.:ani Uae:U does ~o' caue aD7 iJultrucUc:ma t.~ be paer·ated b! t~a 
oQ,'JKt PI"'CNII~ U atapl:y acu •• a. l'(>!l~te'• t~ t.he • -••Phlera 

fte lottan UD m tu ope:raUga Ut~Ad are laaOWil aa a peeud~ .... . 
o~nUIC!JID aaeaoeuc; IRD ie but ..,.. •~a~t• .., &1a~t t'U!ft:t' paeudo­
@pttratlGD -..mic1 ._,.. deacl'ibltd 18. ••c:um f~r ~ t!M:tlr effa.sta ~ 
tAll aaae11bly ,PI'()CtiBII are aoted tben o 8~ .gf ll;b••~ paeQd~-~:raU--. 
O@J cauee tbe aeaeratim gf wonlal iA dMt ••••~Jled Pft¥J"8JJ ia •~ 
t~01a! t~ftRat. ~ OtMnt 110ft a1ailal' tO tlr..e B!Ql <Uilrd 1-ft SillplJ ~f,'tttr!B 

to t.M aaaeabler m ... par~ieular &II~Qt ~f "• aaaeablJ ~, 

•• bav«t aMDa tNil., ~t 'tbe uaellbly Pl't!tf}"tlll doea t..hrofJ jo'ba fGr 
t~ prac~re P1nt 0 U uaipa b1a ixuatnacU.oaa l.ooaU~a Ul 
•torar;e aDCl ciefiaea 8Jiibolla be luui ued.o Secmd 0 uaias t,beact a;,~~Ml 
ciefm1U.a ud a atalldarcl ta'bl• of operau~~e u'ble me~~CDlca~.~ u 
tnaalatea each of bola syaboU.c tAa'truoU~ 4&\to biUI'J' macbue 1ll­
atructimaa ud puacbea ta.a out • card• io a fonaat auUable .tor 
nacliDr direct.lJ :Uato tl!ie c•putero Tla1nl 0 U loon f@l' UJd rec~be1 
~everal paM&do-ope.ratim oQ!dea a1cll apptP&I' m Ule openU.m U .e!d(, 
ucl call8idera ~••• t~o t. apedal zaot•• " Uae.U fnM~ tJM fn'llgn~M~~Pr 0 
Ua ope:ra'U.OD la IIOClified a.ccordiqlJ" 

JkJJw tNt; ft laaow nat openticaa aD fo88ellb~J p.nlJinR ia e•pec~ed 
to pe:dora9 " MJ procetild 1!'1t!i a d .iacuaa1M ot llow p.~rau AN w:dttexa 
1D a fo~ aQ1table for FAP traa.lati~~o 

3, YAP .. fte lua\'laaec ID thia seou.-. w 111U di•euaa the de&aib 
of tile I'AJt l.aquaae .) aact tb• fonaat of tutrucU:tG• wdU-tUl! l.n ·lt.b.~ !I'AI~ 

lu,uage" 
a c Spbo.')l ~ ca rcs_Ponat 

l.utrv~U.m• are paacJaed ~• to • ~arcl 1D tile fQ.llmr!~ tQ)~lt ~ 

J----;!--LLo-, ___ ~·=r:-t- ~~4 1& 16 ~=--.l!.!~t-~~--.. =-.!!! 
J !!~~·.. - ... ~._. variable c~e~n ·~tuta~ 

locatill!D field fleld field i'h;!d 
field 

t I 

. ' 
I 



CC= ~!"' 

tal'd C~WIIU ! -6 coapriae tM 8)'1lbo:U(l loca U.QG t leld c Cclv.a '1 18 

a!•J• bluk, Colua. 1•14 an lmOJ\Im aa tbe o~ntlm field o ~~­
ll ta blaak0 ADd tbe variable field atarta ~ coluaa 16 ~ ~ variable 
field caDtmuea frc. colua 16 UD'CU the tint bluk co!UIIl'J 1• rwadMtdo 
AftAtr tllia flnt blank cola. •1 appear u arbitn.r, c~t ntadtq 
up h co&u. 72 o CoJ.u.w 7340 an e«~•aaly uaed tor label iDe ud 
•eca••ce·~aWiberiac PJ'OCI1UI8" 

fte oaateau of eacll •JIIbolic oanl an c~pied gUo tile @Gtput •••tlllb!L l1atlq0 alaaa with tbe oc1:al equlYaAeD' of uy blAaq Hl'd 
a-n bi tbat cai'Cl ud tile locaum aaa1pecl t.M \li.AIU'J W@l'do 

llow Oat cot all ~ 'M ayabo11c ca.l'da 1M a FAP prqrraa cecen.u bDal'J' 
wol'Cia~ lA caae ao btaary won 18 aaaerated~;~ ODly tN •7•b0Uc ca!'d 1a 
IS.t.ecl aa tJle aaa•bl;y liatlDa , 

n. ll!b011o Locati• .rtel~ 

'ftM looatlm ot u 1ut.ruct10D or a piece 911 data OJ be Daaecl lrJ' 
placlq a apbol 1D tbe &J11bolic locatiOD lleld of 8@11!1!1 card 1D tl!.e 
aJIIbOlio PJ"Oirr&ao If a 8flllbol apJNtara OlD a card COQUlniDg a •dliW~e 
opent1GD 0 ita value wUl be ~ locatim t ,o wbidl ~t. McbiDe o~ntlM 
Tau 1MtM aaalpecl bJ the •••••blero It U appean m the laoat1m fl•lct 
of a paeudo-opent1QD 0 ~· diacuaaiaa C1lt 'l:!e ~ewh:&-~:rati..- .at lwf 
read t~ deteniae eicb loeatloc baa '*-• u.do 

A apbol ~1•~• 1!4 me ttl! au o~rao.ten ,, w~ich .. ,. inJclude !etwre 0 

llQRe1"8 0 pantftdutaea.; aa.d th periodc At leaatt Gee f!"..:f 'he cbarcten 
-t llO'! be • IIUI!ber" 1'-Ae progra .. r ia free &o iltvent any iiDJ' STJ&Dt!a 
Mae llkea •Ub.m tbeae reetrictioaa., (N ... a are uauaU7 cboae~ .f~r ~ir 
•-ic valuec) Be mast be carefula i!lowever 9 ~o Mko aun be does 11ot 
at.teapt to defime 'J!• aaae 1711bol tw1ce 0 bJ a.aviac it appear iD ~~· ' 
a~ic locatioD field of two differe~t 1DatrQct10D8 o 

Tb• Qperat1oa P1eld 

TM operatlOD field •1 coacaia 8AJ' -. of tale MeMG1c COdes 
oorna.-diAI to •clab!le 1utruct10Da deacribed 1D <.be 7090 ~ual., O.r 0 

lt •1 cODlala UJ of tbe paewlo-operatlma IIDeiiODlc coclea described lJJJ 
••ct1aa fouro If 1t cmt.a1Da a .,090 h!atnacUm -.114Xl1C 9 t'IM aaaeabler 
w1U lNk up tire proper bteaq open.UGD code aad iaaert it 1ato tile 
wont ua .. bled for &bat iU\nactiea o ftle o~raticm of tbe aaaellbler 
for tJM paeQClo-operaUou abould be cbecUc1 1D the deac:ripUaa ot tlM 
approprla~ paeudo-operatiODu 

'l'be aasellbler recocoizea a blaak ~!)eraUoa field aa equ.tvar,eat to 
tbe 7090 Mclllae S.aa tl"'lctioo ·~ fll &Ad. aaaeNlea a wol"d wUb a ~•l'fi 
operatiac code, Tile otber tielda are treated u ia UJ otber MclliA• 
1D8\l'Qct10Do lD ~ia cODDectioa not& ~t a blaak card will cauae tbe 
aeaeraUoa of a word ot aU zeroes iQ "r~e aaaeabled PI'Oflra•" 

Tbe Variable Field 

As Ju u• liiJ)l1es , l~th ti:i~ r.<~ teDU ud the 1Atert)rate.U€!ll of 
'the variable field ck~~a .h·~~ ut~t )('~~ th'!A U! 1».atruoUoo -, v~r ~.t~a~JPla , 
tlae var·iable f1el!.cl of a 10fi0 itt$ i. r'.l cr1 !"»; 111\ll1'81N)Dlc i l 1ot.erp .i"e t\:~d u , U:ae 
DUie of a looaUGD i11 CQ:nt atoncoc CD tl~ tt~<er l •ud th ~" '' :ia~JE U~ld 
91 aoae .PDetado-operatJgo• is mterrretoo as a ptlllce ot oau~ ~~r i .rrlc.\tJ;tt ioo 
ill t'Ae PJ"'O.r&lko 



fA ~t: ~UG8 0 thif!l Y&J:'·l&~\12 h•l4 C~~.Al!'l*- ·~ ~>.t,pN,.;~~ U!i!J . .hi 
Ult, ... N ~@ be iD~AU1U"t~!UI1d aa tiM ~··· ~f ~ (;~H •t®#'a&ff !.~IIJ.\U.~o 
(~ 1Dt•Q:!lt'etat.im of tb.e vadabl('j tl~!d f@il: tA• pse~d~-c~.raU~r~ 
itt aesaribed. Ul r.IM deacr1.Jl1.:.1MJJ @:f It~ i~dJv1dual l!!#~~do-g~n.U,:QD.a ·oll 
u espnaalm ctJGaiata of eit~ot" a sy~l 9 :e deci;u,l 1D.tt•f.e:r 9 .1 . .ii,Jili:Ml 
p:lu a de~i•l !!13t•s•r or a ~.,~~M! !I..UlQa " dl$t;Ji&! .tat•l•u~·" 'l"i\t~ !i:f•b@!e 
U ~rea•tm aun be "• Q.U. -r,.~t lt!!4iill~lm ~f &Me lrJ.iat:nui:U~o 

AD f!:lpreaaioo sudn aa 

AtaM-114 

ia: iDt•rpnttKI a• Ule ftft!n l~t.i.a 11lt.,:r U~• l~attm $J.aMliMJ .UPMo 
(llii~ expna.t.•a •~!d be u11ed w1tb calfe ud ool)' in emtift~t""!"f!!i:Jl,ated 
aUV!atiaDa 0 u •"• ttm n'$:!.fitea pUCf!l& of dil'Q i!N io coosocu~twe 
hlii.-~l(ift. 0} 

M ~~'raea1f;)'C auc~ aa 
4 

~ apocU.l *1~ ~ *'' U:t' be UH !~ u eJ;pntaal.~ 1C!I pJi.iU'if!l @f 
!* Mfl.D.U •:1~11. o U;a valua 1• ta.keD ~g ~' QiM }@c&ti.ao ~.t ~M i~a~nil""' 
thw Hi.OC aaa<ldibledo 'HI!•uet~.~ 9 tM ,,.. ~ a ditfeJ"en.t walve 1~ ••c~ 
U\StNCtl(!D W~1~ NfJ8 ito It M.J be V.liM~ f@f' •"uple 9 dltJA q l~t:rti'UC'"" 

t-101! :ntfer• to tbt M;~tt llul~m'"UOD ~ 1t#t.a PI'1!!CNJI lii.ll l.A ~- to:U@lrUJ« 
-~ut.P!•o 

STA ~H 
etA ~$ 

~ aeGo~cl ina&:rucU@ll in tlle •~lo ~H.Wt>Y• l.Uuatra~~• UJ- u,•o ~t 
M@~er a pedal. •J•Ml 9 *'~ o 1~1& SJIIMl Ill ~!;aka tl!:li b,:tuff)J tko •a~M 
~;•ro<) amt h uaect •at.•~ tu ~ro~p·luJ.-1" ci@ea !!\'<~~ m•• U!e ~ !f!;t * 
l\2\~lttm ~· •hsb .. t~}; ~nU• U.~o Q:ute&d l!.ill ~rocna wU.Jl i~u~•r>t 
t~~ correct !~&tim De.Jb U\lt@ ilia etA 1uuueU~ bttfor• e~ecu~,:!q Uc 
'ftl!e ~pttnUOD la -~ at: pr~ru~ IMJI!iUicaU~" Obvlc.NdJ Mf IOI'&K 
~~S'I'81l8lOD CODld ~ wted llf.tft,, lli1Dce ~~ ~:f\~1'311 ttl.U. chu.c• U; ~!Q\.11till.J8 
~if!,. doub~e ¥!.&~*dak !.6 a a\.pal f91' ~1.(., n~del' W~ JU"~l'·U llii"Jd!U~-at.l~ 
1f!U OCCUI" o '1'h -~d.s! IIJ!ab@l t~'* ll' ~~ll!'d ~r-1Mdl7 ffJI'l' 't~ c.Mlt'!t~.hUt'Cil!fl 
~~ an~tlHn' ~n• read!~m the ~r~nm., !I© ~.!'4'1: NJ N<:~be J:;h-:'*~ ~rl!• 

~J<l ~--· pr,.H.III tmfd; oy be cJsanaed bf tmc ~N«l'M i~aeH .. 

~n ._, bG !nerted :Uato ~·~ t'.q; Ud decr•INII'It f1e:!dll o:f tl!~•• 

Uii8&.rvcuga "l..l~ MJ haVG tqt. a~d dttei'r"eUD.U 9 D)' adcUI!!,I IUlbfie!dllil ~~ 
t.~e varlable tie!do A eubfi•ld !11 lf.!!•.HcatM by 'tt'.:JpilkiJ a (QJiltl& a~ ~..ba 
eDd n.t tbe variable Ueld 9 to:U.~ei! lt.J u !Atqero ftia J.~~elilt' iii 
lUUJI'"fOd 1At~ ~- ta& part Qf ~e UAIU·NCU~A beiq; &IUlHblod, A aecaDd 
a\!ibf1eld uy be i.1!3di~t•d b)' ¥A g~ to!!·~~·\~& ~M Unt m•, A;a.to" 
u :W~•&el' «.Or U» eyaool ~~,; t.~ 1!1ldh:ti\~ ~:N:Cra• ~1U.oot.ioo)) uy 
a~petn• 0 Qd H wiU btl tt'if~lut~ Md .~.~·•"'rft'.~d. ~~ ~Jl@' chter-e~,~- 8M'.l'1 ,~,f 

i.tt.o lUt&>:!!OU~ blll!t!i ~iJ~ulht~~~." 



taa h ! o 
ta& i8 4D deCNMDt 18 1 o 

It Mould be l!lO'tecl Ulat FAN ~l'llita a~wbat ~MJre c~licated 
upnaai.a for tbe variable field addreaa 0 taso aad clecnRH~ e 
..,. •• ,. 9 tile corNet coaatnaction ot tb.ae ezpreaaiODS Ia s.,_eat 
4itf1culto SJ.cce tbe aiiipler expreaa i ODa deacribecl bere wUl au.tUoe 
for alaoet all aiwatiaaa~> ~ 110re IR•nl tac111tJ of PAP •1 be 
left for tuwre study 9 or tile aclvua.d Nader o 

•••.-bll 
PAP bellu aaHabliA& tbe procraa aa ~ll u would atan 111! 

1ooat1GD aero" U; aaatpa 1DatNcUQU& 0 data wcrda Q and apace for 
a r raJa to ucelr41q locatlma 1D core atorqe 1m tiM oi'Cler tMJ appear 
1D t!ke &Jabol1c decko Tile reau.ltJ.Dc blaa.ey tutncUODa are puocl\ed 
iD a relocatable col~ biDai'J l.o~t auitable for loadiD& toto tbe 
1090 c~ter b,1 t~ ~TRAM .aoi tor •1•t«• aDd tbe BSS laadero 

4o fte Paeudo-operat1GG» 

&o ODe of aeveral paeudo-aperat1oa ••--tea •1 appear iD tht 
operatioa U•ld ot a cardo TIReae ..-e\ICio-opera~ioes CAD be placed i ll 

•• of five classes & list coatrol 0 da~a-ceoeraUJ11 0 atora1e allocaU•Io 
a}'Jibol 4etia1q,. ud OJ'IaDI&aUODalo fteae claaaea trill be d1aC\188ed 
iD ~rdero 

Tbe l1at cODtrol pae\ICio-operaUCl88 uve ao effect oa tn aaaeable4 
procruo Jlaateacl 0 UleJ an uaecl to coatrol tile Pl"illted asaeablJ U.atiAao 
to •ke U •re UDclerataadable to tM ntaCS.ro 0Dl7 Gille Uat c•tr~ 
psttudo-op i.a of paeral ...... 1ate,...t to MDticrG o 

RIM (arbitrary reaark) 

1" '1'be let ten RBII iD tile operatiCG U.eldo 
lo AD arbUrarJ l"f.tMrk atart.iaa after colu.a 11 , 

Tbe REII paeudo-op is uaecl to 1Dtr0duce u arbitrary n•rk iato 
tbe asaollbl)' :Uat1CCo 11M eaUn card y wttlrl the e~cepUgn Q>f tb.e 
operaUaa field (*ich coataiu t.be letters UJI~ la pri.Dted oa ta 
outpul l1aUaro JCo b1aary iaat:rucUc.a &N a•aeabled 0 ud m~ ayllboll 
are defiaedo 
Baallple;; 

REJI SBCTI_,M ff; CAI.CULAT& ~TI,.Mo 



cc- 21'1 

fte data ceul'atiDc a-eudo-opa are uaed to iDtroduce :lllto tile 
pJ'Oirna r .. iaten coata:llliac tlaoM coaataata wbicla an Deeded bJ tJae 
prosna. 

DBC (Decial data itea) 

ccaatitueata: 

lo A .... •1 appear ill tlae aJIIbolic locatioa fieldo 
2o '1'lae letwn D&C ia tlae operatlOD field. 
3o AD llltepr or real coutallt ill tile variable field. 

DBC 18 ued to :lllt:rodace iDtecer aDd floatiDC poiDt (nal) CODatuata 
iato a PrQII'&IIo lt tbe variable field caataiDa aa 1Dtecer COD&taDt 0 a 
word will be -•eab1ed wllicb coat& iDa that llltecer • ill blllary fOI'Ilo 
If tlae variable field cODtailaa a floatillc poillt (real) coaataat a word 
will be aaseabled wlaicll coataiDa tlaat floatiDc poillt DUIIber 0 ill the proper 
fol'IIAt tor floatiac poiDt aachiae operatioaao Tbe defialtioca of lateaer 
aDd real coaatuau an the aaae u 1D tile IMD or ,.TIAJilanauaceao 
baaplea: 

&JIIb011c 

TBJf D&C 
CflfST D&C 
TW.S DBC 

~ (Octal data 1tea) 

cODatitueata: 

octal reau1 t 

000000000012 
2CMS1&483148 
202400000000 

lo A aaae UJ appear ill tbe a;rabolic locatlOD fleldo 
2o 'ftle letten IJCr ia the operatioa field. 
3o All octal ccaataat of up to 12 dicita (pncecled b7 a •:lcDo 

if dea1red) iD tlae variable fieldo 

fdCT 18 uaed to lllti'Oduce aa octal coaatut iato tile prosraao A 
worcl 1a aaaeBbled which coata1Da tile value of tbe octal cODataat ia 
tbe variable fieldo If the variable field CODta1aa fewer thaD 12 
dicitao tlae octal auaber 1a r1gbt jut1t1ecl w1tla1D &he word. 'l'lle aip

0 
if preaeate ia aaseabled iDto tlae aica bit of tbe word, aad la equivalent 
to a 4 1D tile biab order octal dicito A •JIIbol, 1t &aJ 0 appeariDg 1a 
tlae &Jabolic locaUoa field 11 ia tile ..._ of tJae locatioa of the octal 
data . iteBo 
baaple; 

&JIIb011c coeliac 

SUE tacT 1756425 
LTB IICT •6 

octal reaul t 

000001766425 
400000000005 

BCI (81Dary coded deciaal iafon&tiGD) 

1 o A .... •1 appear ill tile SJabollc locatiOD fieldo 
2 o fte let ten BCI ill t1ae operatica field o 

3a TM diCit "1'• 0 fOllOINd bJ a c._0 followed bJ aix claaracters of 
alpbaau.erlc iaforaatiOD 1a the variable fieldo 



cc- 1n1 

'nJ,e BC! pllftclO~~nt1oa is uaecl to •acOd• letters ud nu•be~i' i~ 
ta~ ata.uclard BCD cotSe 0 &M baert t~cae code• l.Ato the . aaaellbl•d procra•D 
n. au cbaracten (1Aclud1q blaa.u ucl cc.aaa) fell-- tile ccw;.-. 
are coaverted to BCD ~d the r.•ultin& wgrd is ta••rted into ~b.o aaaeabled 
prccraa, A 8JlSibol r, 1f ~l'08&Dt ~ 111 tbJe natte ot the loe&ti®> ~f t.b.e BCD 
WOrdo 
baapleg 

a)'llbollc cocliDi 

TfD BCJ 1 0 N!'C 
MD BC I l , J ll81Y 

SJIIbol Detilliq Paeud~:!peratioaa 

457023806060 
80413!444470 

lD aclditioo to tl!!e uaual procecl\lre f9r auipi.Q& naaea t o iocaticcs 
bJ' p!actDc tat•• i1t the a)'abol1c 1c.cat101l .U•l4 of aoae 1natruct1{!fi] o) a 
Jk&l'le aay be aDaiped bJ U. SYM paeUd«ll-o~ .raUo&o 

l o h IB)'Bbol 1D tbe ayllbol1c locaUGD field o 
2 c 'l'be letters SD in tbe operat10D field, 
3 o AD •z9rtt••1oa iD tiM variable t ie!d o 

AD.. expreaah~D ia tltle var1abl• field o:t tale SYK pando-op .la 
aas\UMICI to be tAM aaM of aoae loeatiM 1a the c ... t•r ., TM~ lttnaUt!JD~a 
alUM is the ayabol. in the syllbol1c locatioo field ia civeo tbtt valve 
of the eapre•alOD ill "• var1abe :Ueldo No b1IUU'7 words are aeaent .ed 
01' iJlaereecl in the p~ra&o Sfll 18 C~Ol!!lJ Ued to UkO tWO OJI!Iboli!i 

(perba.pa provided bJ different procr .... ra~ 8)'DOGJIIQU8o 'nwa t:be aau 
looatioa uy Mve two ~r Mre DaMa ~ 
haaple~ 

ayllbollc cgcU.Q., · octal reaul·lt 

A SU B 
Q SYJI At.PifM-14 .. 

restr1cU• 5 

Ally ayllbO! appeariq !.a t18e variable tie!cl ot u SYli pawdo·~~raucc 
auat be ·~prev1CN81Y defiaed''"' '!bat 1a 9 it l!lllat appear ift the aya~Uc 
1ocat10!1) field of a card earlier 1n die d~c.k" 

etA etA BETA 
., 

" 

0 



ID t~e U.n~o AI..~HA 1a t.i'l.s &&att of ue !og,caUoo ~t "" 1~~•a•u· 
~o At e:~;e®t10lril u ... 0 U!e CLA il!latNctl~ w:U! l~•-••!cr" ('.aUiiltt U'l• 
1Dtecer 5 to be bl'OVKht 1A~o ~"' ACo I~ ~l!e eecmld 9 WS:TA ia ~_.. 
.«!iaM (tlf locaUgo f1Ye 0 ADd 1:t used aa aa addreaa;) ~ill c;auae r~te!"dlc~ 
t .o lgcaUM 5 o 'Ae CIA matnact1al1l t!M.ret~re •Ul brin, t Jt.o ~ort>te~t• 
@f !oaati~ 5 iato ~.be ACo ft;h dlffenmce iUttat:ratoli t;.bat 12~a ••t 
caNfi!!UJ diatmcubb betweeu tf~ nane g.f a ~uora&a }Q~Ci,\~:t~ aDd ~M 
DiUDe of ~be cOGtei!!U ~~ a storage !ocaM,mo 

lD afJIIM p~rau ~ it 18 d"litirable t(!> ••~ aaide a &~cU.«i ot con 
a!o.rag• for u arn)' of auabtu'a to M COII!PUteci bJ t~~o ~rn~&raJt , , It 
t.ifli• ~torac• apace 1a desired !1.\i a procraa" aGe! wa:y b n,eechtd tg 
inf~n tbtt ••••ble:r that U &~t'!Qld ugt ~lace M.J asseubled _t_.a~~n:ocUQC!a 
Qll' 4ttta U. tlrle are&o '1'tMr &tOi'D.I~~t-a:UgcatLt"tt P••ud.;:; ... operatiQ;Ge ar• 
U3od to aocoap118~ t~ia " 

MS (Block ~~ atora1• anart.ild. by ayab«!!l) 

! o A DaM RJ' ap~ar 1Jl t.be e,..boU.c locaUaa !ieltL 
l o 'nle ltJttera 858 1D Uie ~peraU• :Ueldc 
3" A dact~aa! m~.at;er :1» Ul~ ~ariable Uoldo 

Tile 888 paeudg""'pe;r&UGC! C:&l.l5e• " bi~~ ~t· .,~ongil el)lb ~u.d. ill 
leD&'tla ~~ ~be WLhie of tM 1ateser 1a ~M vad~tt'le f.blr.i to ~ ~~~~- i!iUd.,,, 
MJ ayabol 1~ tbe aya~llc !ocatlM field 121 tbc- nau ~f the l.ooaU~ 
~f tiNt Unt cell iD th!e block c 

"'S~UtiD& aa.lfie '~ of a block e:J<f atoraae 11 e"14ttlt~!et! h.J t~·l:f tact t~uu 
t!l!e ~:~a~t 1aa~mc ~.ioo. aft.er ~.ll!o ~.;;s wiU bQ aaatped a ,i,Qca:Uo~ o,ft.$r 
tb~ ~l!: ;; \M ceUa ira be'hUt.e~ t~iU ~--v~ Jt~ ~rU,cl.llal' biP.uy ~uaber 
aui1~ed t~ UNo 

E-.upl.e ' 

11M grKaaiza-uoa p&t!\Ad4•opctn.Uma an ~eel -w lnclicttta i~r~nt 
faatur•s of U. pr~ra& •l:o ~e a•aeab:D.4u' , ud pertaiD t~J t;M e"~ lre 

p.r~raa rather tb.~ to a •iDile !~stNeUM c Aa atu:.- 9 Uicy IIU~l ~p~ar-
1K\ apecifto plaeea •ttb:ln tAll prosn•" 
&Jm (.bd ot 1t>he proana) 

TJ.iie .i~ paolido-ope r·~~ ~,~-~m l'l;\J;\'i ( ~·, li' llr/! pll.\ylid.cal .md t:1!t tbe n.rt.:l'.Btl\1!!. .. ~d 
U!HaA'~fon ~ ~s8; be t~e t y o;•: "- '"; ::?. "x ' H:. •· (!.t- c:k ., 



~;tll!b-i'!iH~ c;M1GC 
I 
I i. 

c.flift I fl•!ll!l~ gt Pt"'&Rj!j.) 
I 

~@ll't:Ut~Mta 
I 

1'- i•U.en ~ h~ ~'- ~~rau_~ fl•14., 
1m llm~•tt•r 1~ tM vatiAble t!e~cl., 

a••••trJlJ cu iMJ •d• ~~~ @l!f1c:4•t 1t tile •••eablJ ~r~na 
!uu0llt1, a~p~i.a~• GUaMf' rd c:u·d• 15:@ ·~~ct ~~ d!• procru ktcll 
tl"Uii!A IKio TMHJfone !))U opt1Mal Pl!iiO\US~~~ntiQC &l!Oiiild illP"iU' 
•• '!Ale tint cant ot a FAP prcci'Ul;." n1i1i ;))JJl!itMr @1 c;&J'tlt: lAdie&~d 
!JIIaod DO ba d&Cto U 1:10 eaU.U!~ ilii l:h•Civ 1AJI tt!.U uau• 2000 f@l' 

'&-M c aiw• u approp:rla~~ f,;e~«'Jl! M ~- •••••llA,- ll.et.iq 0 

lo "1'h l~t ten INT'RY 1A Ullil aper-•Ut!>J(; U•14 ,, 
2 o A ayabci 11!i li;M t'au•iabltx ! !wl~, 

~~ A •.abi)I'OCI'U ftJM l.l t;g bti.w Mf*I"MC414 by U~~er ~I'OStUn t.M 
&Jn'RY pt~aw:l~rau~ tndicau•a tbe t tn! ·-"*t:Nt}tlOD wl1!1d!! ill to be> 
• .,_,c~ted .t• dlie 5\1-N!lii'UR ftttD U 1a t;A4~•4" 

~" U d•h~Jea tl\1a p~ru~ to ~ a !lubrouU~•" 
I o h d•f iA•a 'U!e A&M of t:.De IU&br~ t .. W ~QI C. tiM !i)'lllMA 

app.ari-atr a ua varJ.abls U,alcL 
3., U iQdlcates Ule lg(i&U~ tWl!U\11li ~· pr~!'aa at \fb!ell ~­

tint tu~ntcUaa to ~ tt'I:S~I.f!t-~~td •r t!oe tw.ad., 

'ftle •7111b@l a~arla& il' t.be VU'l&b}l~ t ie~d llllll&t ba a D.iU!!8 '!QicA 
appears 1111 tal• ayabo:Uc locauo.a U•!!d ttf w<W~M lDU.na~>t1M •l!t.kh~ ~~e> 

PI'O&r'Uo U U. IJ«TRY paeudo-operatiga ·~~an" U. .Miltt; bet p!ac~d U. 
tbe bei1Dat.aa ~~ a prcara• uo •r t.t ~l'~~ded oolJ bt a Cflllnrr cardo 
Tw~ or -.ore enll,.ry Jm:uu.a to tho •aM ~~r.._. cu bG- lQ¢1lc:a~~ bJ Urt~ 
or aore £Hl'RY c:>.!U'dt: h\>U~bli& t~ C!lJJM' Clil~ 
b.aapleg 

IIJ'IIbol1e CQ41~tr 

iiKT1lY COS 
&m'R.Y PJU 



5, &rror •••as•• <> Oce ~\QUa w~it:b aay be obtai.D4!d wbe~J~ ua~ 
u aaaeablJ P~tena 18 ~t ~e Aa•••blvr can look fgr certai-n at,ud&trd 
typea of erJ.'.ora amd iatora tbu pJrOSramrM.r ~t t;bea., FAP di.&UI!.,UililbtuJ 
~twe». t•o l1Ptt• ot •r!'Ora 9 t~t'""' v~i€:.~ ll't~he it ~t)aaibl~ t,;QJ &>iUil!!<il.bl4t 

~· JU'QSraJI c~rNctlJ' 0 Nld U.OOe wl'lie.b ~ be a&Hias.bled " btH. are 
p:mbably a11"*• by tM p.'i·Q&......,l" c All a"dl •rron u·e !AIU.ca.tvd 
-u.-. tA8e Pi'QirUIIilll:i' lt)' ~N p;reaa:iiu::e Gf a. h~t~E a~ ~fl l~It adi~ !i)! tilii 
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