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6.3 A SHORT CUIDE TO CODING 
(Using the Whirlwind I code of Octobe r 1949) 

CO MPIfTEfI I'ROORAMS 

P~am. A IIrORum III " M'quence 01 1ICtlonS by whi c h a compute. 
handl .. ", a pr oblem . T he proc ,,"~ of deterrnlnlng 1M "<='<Iut'nce o f ac ll0ns 
Is known a ~ pr ' ''KnmmLng. 

Flo w cli:!. rams, A flow diagram Is a ~rt",& 01 stalelrlenlS 01 what Ihe 
"nn'puler II " " 10 do at vari(>U8 ~tagcs in 11 program . Lin"''' 01 flow lndl ­
Ult' huw Ih .. compuleTp;lll8f' fl lro mont! &I:,ogeof the prosum 10 anod .. ! • • 

'i;~,~~~\,; ::",::,~;,~;;~;~~:::,::;~:,';:largtIYlnd"pendenl of:;: compuler must be u -
Ilre Hsed In termS of ae"""' . A ""' lollnstruction6 thal will "1I3b1,, a .:om ­
pule . \0 ""e<'ul~ a pr Ojl.r a m , II .. ailed a eudo!d procra m, and Ihe process 
01 p.eparing a coded prollum Is known L~ coding. 

Ord"r~ ~I~S. IndIVidual coded ,nstrucw.>ns are known as 
o rder!! and...a1L lo r s .... c 'fk<>peraILOM s """ as ",,,IHply . add, shill , e tc . 

TIM! con,!",lt' r c od(> . The computer cock' de s<:rl~ ~re is ,''''' 01 
WhlrJ;ii;d T. "iiI- uperlml"n,al co m""ter us ing blna.y d'l;:It ~, ~ Ingl"'. 
~ddrt'l5& ordet eode. p:l r~ll"'l operation, andd",c t roslaUc !)Ionge. 1115 ... -
pe<:led Ihal con,!",I..rs 01 Ihi s type will ulUmately ac hi ..... e an avenge 
Bpflfld u1 50.000 Opfl taILO.", pe. s«0fld.. 

COMPUTEH COMPONE NTS 

Resi s te rs .... d wo,ds. A .egist.." h.a5 Ie digit pos ilions I':lc:h abl e 10 
s to r e a Me Of' a o:e l'O . A wo.d 15a _ t 01. 16 dlg,ts lhat may be Btored In a 
.egi ~ler . A wo.d c:an repre""nt .... o . der Or a .... mber . 

Ar uh mtUc element. Arllhmetic opera tions take place in Ihe arllh ­
me\l(' e leme nl , whOsemalncompone"t , arethrfl! flip-flop r egislers . the 
A- regis ter. the acc .. mulator, lU>d the D-re~ster (AR , AC, DR) . The 16 
digit pos ltlons ol AM starUngfr o m the left lre c\ef'Oted by AR O. AR I. 
AR 15 . SImilarly lor AC, DR . Words. enler AC through AR ; 6R 15 an 
Ulension 01 AC. 

Sto ra,e. Thelerm " regiSler" by It se lf reler s lOlhe main eleClrostati c 
lIt or age, wh\c:hcons ls t s of 211 Or 2048 regt s ter~ , each of which Is !dentl· 
Iif'Of by an address. T~se addr .... ses -.re lI·diglt b,na r y nun,ben fron, 
o 10 2041 . The compute r l<!enlltl .... a rqister b, ItII address. 

• 
lnpul -outp .. t. Alllnfo ,tt""Uon entering or lea .. lng the CO nll"'ler Is t .. m · 

ponrify sto red In Ille Inp .. l,oulpvt re gl s le r (lOR). T ile compu!", re~ · 

lales the /I"", of Wormation belw_n tM Inlemal s lorage and lOR . and 
al so ~atls fo r any ~ces""ry manlpulaUonof uler"",1 Imlts. The desc rlp. 
Ine nameS of 1M InpUI . .... lputorde. lI .. ere chosen 10 ' photOlCraph,c film 
n~de. _ . eco. dcr l1li1\ 9, but the o rdcrt; are ajllll icable 10 othe r Iypes of e 1 -
ternal equipment. 

Conlrol element. T"'" cont r Ol element tonl , o l. the sequence 01 co m · 
pute r Operal iOnS and Ihelr e1ec .. 1 ion . lns lr..c:!lons a r e obta Ined fro m "'o r · 
a~e In the fO.m o f Individual o .dt'tII . eac h of whi c h I. represenled by a 
,,In!!le wo rd . 

InIt' r ·connectlonB. Th .. fU .. r ",alnrle",,,,nl ,,, ("longe, control , arUh · 
metlc. and Input ·oulput J are connecled by a paralle l comm .. nkallons sys­
ICm , ktlo .. n a s Ihe !>us. 

R!PR":S£Nl ... TIQN OF ORDERS 
Whena wo r d 15 "8IL'd 10 repre~nl an o.der the fir s t 
operation sec:llon, s peclly a pa r tlc .. l:.r operatio n 

the o .(io,r code. 

Addnss section . The remaining 11 dIgit "" or address sed lo n, are 
Interpreteda", a numlM! r with the binar, polnl al the r lghl - tland end. In the 
ma ;O"ly 01 o rder s thi s numlM!r!8 theaddres8 o f lhe re~5ler whose con · 
lenls wHlIM! II~ In the operation. In orclers II I. n . the number specUlu 
the utent of a IItll.ft ; In rf . rb, Itle n .. mbe. s pec:l1luc an eKIHnal .. n,l , In . 1, 
r s. the addrus s«Lion til nol used. 

Eumplr The o rder COl. ~ has the eUetl of dearlngAC ,making a U Itle 
dl!ll s n.o and then lJuttlng 11\10 AC I"" word l hal h< In Ihe regi s ter .. hose 
addre"" Is 1. If q 1$ a quanllty In some regis ter. the 0''''-'' n~ded III pul q 
In AC is not ca q bu l ca~ . ... h.ere 11S Ule addre1;"oI lh", .ef{lste . thai ton-

REPRES!NTAnQN OF NUMBERS 

Slnl! 'e- wo . d repns.entatlon!J. When a wo rd ill used to t'f1J.es .. nl a 
n .. mbe r Ihe flr ~1 d li h Indlulelihll! ~Ik" lU>d U ... r e ma lnln, I~ a .... n"tt, e rl ­
cal di g ItS. ~'or a pos ltl .... number the . tgn dlgll III u r o ..... dlhll! IS numer l· 
cal dIgIts WIth a blna'Yl'Dlnt al U>ei. len IiIPfltUy the m:l(1'lludeoi '''''' n" n,· 
IM! r . The ""lIalive - y of a pO. illv!! numOOr y Is represented by tompl .. . 
m e nllnll afl the dljtll s, In c ludIng the sign d'gu . lhal wo .. ld . e",.eo;enl y . [T he 
co mplement IS fo rn,edby replac;ingevery u,oby a o:>ne and n e ry ant' b)' 
a u ro.) In thi s way a word can repff5ent any mulllple of 2" H from 
2- 1) _ I 10 I . 2" 1~. Ne llher .1 nor · 1 can be represenled by a Single 
word. Zero ha s IWO r<,pre"('n\at lon,. e/ thot. 1& "erOli o r 1& one~, whi ch 
are called ,0 and _0 re s pt.'<'t lnly. 

pro' .... m K mu.st be soplannedlhal arlthmellc operal lOl\s wlll nol 
cause an o ve . llow beyond thl" rang"'. The range n,ay be " ~Iend"" b y ... ~ ",g 

a scale fact o r . which must be separately " Io red . Acc .. ra cy can bf' .n · 
creased by using two wo rd!! to rfpreselll a 30· dlglt ftull,her . 

COMP UTE R PROCEDURE 

.." , ~:,:~~,~,,::~~,;:;;:"~:&n o rder Ihe pro«.an, ~' . egl,;terf.o m .. h,~h 
1M neJII o rde r 1 ~ lobetak"" . Control c all s fo .thi50rd('r and carn~~ OI.Ot 
Ihe ~ pec illed ope.allon. tflheo. de . ,s noi ~ p o r c p(-! Ihe addres. tn Ihe 
progra", counle , tllen increase s by one so thallhe nUL o rdE-r IS t a ken Irom 
th" ne.1 con,...,c: ul,v e rpg lsln . The sp and c p(·, ordE-r ~ p"rn,1! a (tl:lOll~ 
In Ihl s sequ"nhal procedure . 

TranKlers. II lransffr 01 a di,i1lrol\", one digit po.,l t ion 10 annlh~ r af , 
lecl ~ onl)' iIit: laller dlS It pos ,t ion . who:;e prevloull conle nl IS IMI . 

Nfgal;v e >:fro . Th~ subt.a~llon ol eqUll l nu mbfo". p rodwc~~ a n .. g~ llve 
u ro In IIC. eKcept when AC conta ins ,0 , and -0 15 s wbtrac:led I.o m II 

Word" represenl ln.: o .ders m ay be lLand led ,n 
u .. 

Procedu.e In {he arithmetic element. The eu'~ ut lonof an add,tlon in· 
c ludes the p rouss of atkllnR In carrlell: Ihl~ procesK Irea" a U 16 d ' Klts 
a& U they we rellume rlcal digit s. a c:trry Iro ,", ",CO belnll added into AC 15 . 
A s ubt r aCl lonl" uec .. ledbJ adding the complement . Muillpllc~t!on. dl ~" 
s inn , shifting and round · off Ire a ll U e<;: uled with POSitiVI" numher~. rom· 
pl",mentlng being perforn'edbeforr and aile. tllto p • .-.:es" wl>r:n nec('s,.,.ry. 
For , o lmd·olf lhe dllPl In DR 0 15 add~'II ,nto AC 15. 

NO't'ATlON FOR CODING 

Addre,,~es. A coded prOjCram r'-'<l .. lres ce.la;n .~gl"l .. r s l" bo>\I"~d fo r 
s ll<'clfled 1J'I'l'Dses. The addre,ses of theM .eglsters n , .. SI he thosen he· 
fore the pr o gram t an IM!p"I, nlo a rom""l~r . b\.( lo r SIUdy p .. r poR' th .s 
final c ho ice is unn .. c:e ~sar)' , and Ihe addre'M scan be Indlcaled by a sJ!,<­
te m of Hymool. 0 . Inde. nun,""' rs. 

W"tln~...!~ed program . Reglsleu lro mwhlch conlro l obta ins 0 " 
dns may IJto caH,.d aC110n r<' JCi~ len . and s hou ld be IIs led separate ly from 
,e,,'S1ers <,onta in lnl( other inlo rmatlon, wh le lL " ,ay be ca ll .. d !bll " ' JC'a· 
lets " c nded pr ogram Is wr ;u .. n out In two col u n,ns. the hrl'l conla lns 
th .. inde K number of eac h ac lion 0 . d:i~ l'el1 ~ter , and the ,;ecnnd colunln 
Indlr.ttell tllf wo rd thaI II InUIIlly 1I10 r .. d in thaI ' e gl!)te. . In " ,any r a~ .. " 
part o r aU of a wo r d may be Immaler la l because th l! conlenl s 01 th~ t tKis' 
ler In quu t lon will be changed du. lnt the cou. se of II>!' p.Dlttam. ThIS 
Slale of afr~ .. ~ I~ Ind lcaled by Iwo da~MS. fo r eumple . ca -'. 

' ;~,1'; ,.~:::~~':::':::: ', .. sed In r~ferr lnlt In Ih(' 
~ wo rd ,n a ce rla ln rel; Isl ~r 

RC (Add.eM ofl Regl s ler Contaln ln\l .. 
CR • Con le nt s 01 Reg i~lcr (whose addr .. "s lsi 

Wh .. nan address fo .ms pari of ..... o rde. 11 IS r epte· 
d 'll ,l$of a wo rd .. l\os .. lIr s I 5 d tglt s s pt'f lly an "pe . a ­

tlon . ... n addrl!$ft 11ha l , ~ lI')\parl ofan order I ~ .~p , .. u nl ed by 1 .... ,a~1 

II d lj{\ lfi 01 I .. u . d whose l u s l 5 dl lllL ! are ""I'D, whkh ,~ .. " .. ,nlenl 1<> 
lIperU yinR I.h" ~ralln .. rI Thll~ Ih .. wo rd In . ~ .. u"" lIarh .. " ~ ..... . ... _ v 
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('WI lorward 

tlln ba~k ... ud 

r~~d 

t f' rord 

I rans ler t (> filora,,~ 

triUl s lf'r dll(IIS 

Irans fe r addr .. ",,, 

~ubpr(l~ram 

(lea r a nd add 

j add 

" ubtnd 

e lur and add malClutude 

add one 
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m . • mlllt,ply and round ofl 

nlultlply and honld 

~I n ~hll' 1 .. 1t 
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NOTES ON THE OMDER CODE 
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00000 

"". ... " ..." 00. 00 

00101 

00 ... 

01001 

01010 

01110 

01111 

..... 
100 10 

100] 1 

10100 

10101 

10110 

" ... 
11001 

11010 

11011 

11100 

29 It 101 

_. 
THE ORDL':R com: 

8M 8 -Rtkllitn 

"'"', .... 
Tallr ... ord~ ',o m enernal .... 11 .... 111 'nl.miLl s hHaj(t III 1\111. 

Slop ... lernal .... u 

Prfparo:' In "" .. ulerna] \/IHI I< 'n fo .wud dlr...,Uon . 

Vrf'Jl"re 10 11_ enfrna] unll " In bacll ... ard dl r ...,ti ... 

Tr~nsf"r \0 reluu" _ a word . .. pplled by ulero,,] ...,11 , 

"rr .. ngt IOl r ltan l<fer uf CO'lIpni S of reKl s le.)( to eXlern:o\ unll . 

Tnn.~f .. r contenl8 01 AC 10 r .. ,I ~ I'" _, 

Tran"'," 120 M 11 dlltllll irom AC 10 la ~ 1 1\ d igit "" " ll\ons 01 rel,s te •• . 

Traru;le. I~ SI 11 dIgit" 'rom AR 10 lUI I I d l,1I po~ ltlons of r"gbln • . 
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U ,,, ... nll4:. In AC I" ne~allv .. , prU( ~ .. d a ~ in 811 . 11 """,ber \>< pos ltlvl! dlH"gard t hr cp!-) 
o rder , btu c l e~r t he AR , 

T~k .. n ... t o rder frun' r e "III"r • U Ihe lip o rdf'r w~ 1' at addre!;" y, "lo r" ~ , I In lUI I I 
d'kll PO' illon" Q/ AIL 

CI .. a r AC and SR . t hen pUl cont"nl So1 r .. gister" Inlo AC It nece.sary , add In ~Jr.t Irom 
p ... ¥'(IU ~ "'" addOllon 

Cl .. u AC and SR , Ih .. n pul co."pl .. ", .. .,1 Q/ «I.,I .. nI9 of r"It,,,,er " 11110 AC . II n.,c.,s sa ry , 
add .n tarry lro,., pr.,¥lOu" "a add>llon . 

Add conle .. l ~ .. , reI\1 5' .. r " 10 ConI""I" ol AC, . Io rln, ,.,5ull i .. AC . 

S",bt rul con'enl ! Q/ ."Jl llter A Irom content ' ol AC. " LOrlnll r e "ull In AC . 

Clea r AC and DR . I n put P05 111Ve ,.,,,,nltuM,,, eon,,,.,IS of reglSIf'r A 'nLO AC U nec .. ~· 
1'ary add III rarry fr.,m prn'OII ~ sa ad,htlon 

Add ~onl .. nt s of ... !(1 ~lcr " 10 Conl .. IIllI oI AC, _!o rln, re .. u\1 .n AC i\l\d ret:lun", allY oy", . 
1I0~ lo r IIut U. n. o r e m o . de r . Only o rders Ilhrl>U¥h I~ may be..sed belw .... n lhe sa 
o r .... r and ca , c _ . o r em orders fo r wtlleh 1M lI;I. I ~ a prep:oratlon. 

Add IIw'II"'m~t I " ,-I) 10 U ... cont .. nt ll ofr .. ,." t .. r_ Sior eres u ll In AC and III r",I. t .... :I 
~ 

M",llI ply con'''nh of r .. ~I s l .. r • by conl .. .,u ol AC . r o und off r .. ~ult to 15 num .. rlcal dl,U I 
and ~t o re ,n AC CI .. ar SR 

Muillply con'''nt" o f r"III"I"r • by content /t of AC aft(! retain lhe full producl In AC and lhe 
fir s t I~ d'~1L PO~ LlI OfI1' of HR. Ih .. l ;o8t d>t!LI po~lllon of OR beln~ cleared. 

Dtvllil- ~onten! ~ o f AC by conlt!nllld nll! S!e.~ . IUVlnll 16 nume r ical digits u4 Ihe quollenl 
In I}R .. nd '0 In AC ICfOrdlnll!OIl IKl' of the QUOII .. n, . rrhe o r d .. , ",115 fo llow Ulfl !~e dv o rder 
'W L!I r o und of! thO! quotl .. nt 10 a numerical dlglt ~ .. lid "lOr<! II 'n AC .) 

Multiply the numbt!r repre~ .. nledby tit .. cmlent ll of AC iUld BR by 2n. Round oil th .. resul! 10 
15 nun' .rl(ildIKII ~ and ~tor' UlnAC. DI8r"prd ov .. rflowcau~edby 1h1! lIIuh'pllc:alt(ln bu, 
nQt tha, caused by round · oI1 Cle~r BR 

Multiply Ih .. number rfpr.Hnl .. d by t h .. c<>flll'nl ~ of AC and BR by 2·
n

• Ro WMI 011 tllll' rnull 
10 15 numulcal dllllt" and 8to r .. It In AC Clear BR . 

Mult iply t~e rwmb", r epres .. nted by Ute COII, .. nll ol AC and DR by 2 "'ufficl .... lly oflen 10 make 
Ih .. pa ll .,lve .,utcnltud .. at Ih .. prod ..... 1 ~ ..... l u.or gr .. I1 .. . tlla!> 1/ 2 . Leav .. lhe flnll pr oducl In 
AC and BR SIOI"l' I"" number 01 n.",llIpllcal ion l :II last \I dllill 01 register ... U\e 1I1~ 
S dljtll :! belnll undis turbed . __ ~ 

Effert_of oe-rallona . The functionll ofth .. n r ,OIlS or.rs u .. 6e . 
1IC.1be<! abo¥<! . I't II 10 be u . "m .. d that AR . AC. BR. and the reliller 
who".. addrHI .,;; .. ar .. undlstll,.bed .... Ies. III" contrary \s s taled 

cap.tLclty U ... . If o v .. rf lo. occu r ll, I ,,,lIabl .. ala1m I. II" .... uc~ II 
menllOlled In connection wnll o rden sa .. and "III 

ShiH oreW, ". A muillpllcation oyerlLow In I I III 105\ wnllou! gt¥1ne 
a., ala.m. but iUI O'I'e . llo~ from rOWld-dl II¥eII an alaren . OratU Ir 0 
a nd 110 only cause round-o C!. analarm belngltun If an oyerfiow (lCC""I . 
Th .. Integer n III tru'ed modulo 32 . I.e .. lIlU • s lO, !l133 • i ll , et~ AR AR II prlmarlL, I bulf .. r relts ler for p.tL5slnl " " r d. \1110 AC 

All ... o .den c.~ , el a , ad I. 5 11 a . ""., and ao" It contaIns the n",mber 
o rll,,, .. lIy conlaln,d In rellstfr .. After o r ders cma. m.a, mha. IIId 
""" It eonlllnll the ..... lP\lIlId .. oftheconlellts of .. . The eff .. ct oliP " and 
cp l" . Ie staled :t.bou . No eMher o rM. chl.nlu tIM! contents 01 AR 

8!! /t number I tored In BR al wa,I'ppears IS a posl lL¥" ma",ltllde . 
the . 1 ... of the number belnl usumed LO be that IlI d lc.ated by I~ ILl" 
dl,lt In AC . Thil con ... nlton "lift no eff .. ct on th .. loelcal t"fHul\ of Ih .. 
opnall(lft s ln ~ol"lng DR u cepl that .. lLen SR conti In' a number Utat . 111 
be UHd la'er \I I. IIecellar, t o retain lhe ilp9roptLate .ign d'ltlt . 

~. U the .uult o!an arlthOl"llcoperltlon""ceeda the rell s t'!r 

Scale lactorl . U all the dtlUS I., BR ar .. tero and AC con\.:lln. to, U\ .. 
o reifr s l J lUVel! AC and BR undIstu rbed :lAd sto . .... lhe number U In 

the lUI II dillit palmo"" of r"Il . I .. r • • 

D.¥I I 'on Le! u :lAd v be tI'Ie numben In AC :lAd '''B1s ler _ when tlw 
orM''''' " T~ u s .. d . II Iu <. wi th .. co rrert qllOllenl I ~ obt.alned alId no 
oyerllow can a.I~ .. U u >1 ,, 1 ourllow oo;c;urlind Ilv ... an a lu m II 
u • • I 0 tile "" o rd", len .... 18 on .... In BR and r ound ·off 1ft • • ubleq .... nt 
1115 wO\Ildu .. " r (lve rl lo wandttlve l n . lar m . U u a v . 0 a te .. o qllOll,nl 
II obcatn,d . 
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