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ABSTRACT 

Pa .. 1 of 60 
plus ix 

·The tbirlwlDd I OOIIPQ1;er. 'm, at IJ'I' 1. a hi,h-.pe.d eleo-' 
tronio dl,ltal OOIIpUter. It' wW be u .. d 111 a ride ftI'ln7 ot applioatloDlt 
lnvolYiDI collpUt&tloDJ tor _t~tlcal aDd qiDMriq pnble." aooountlq, 
etatietloala.q.le. aDd ebulatioD aDd· oontrol procee •• e. Tbe prepara­

tion of _oh probl_ tor m i ••••• ntial17 a .. tter of apNe.1og tbe pro­
ce.e.8 to be pertoDeC! iA ten. of a li.t ot the ooaputer' •• Iie operation •• 
Such a 11.t 1. called a propu, aDd there are a uxt.uI of 32 ·be.lo opera­
tione, each of wbiob m performe autollatlaall7 upon n~iviDI a 'laIla in­
.truotion fro. a pl'O...... m &leo autoll8tloa1ll' eequ ••• the operat1oDl 
li.ted in a proSraII '0 that \be, are pertol'Md ODe after the other. 

The tenalDolo., aDd ODacept. ot PI'Oara-1DI tor PI and of 1IWI 
it.elf, .... Dtlal to aD ud.retaDdilll ot proan-iDa tor the ooaputer. are 
preeented bere in tbe .. ation OD Ee .. ntWI of PI'Oen-iDI aDd iA the Ap­
pendix. 'proan •• i~ deft10ped .et of exuple. of propaU i. iDoluded 
to indicate hoW pnp'UI an developed, to ill.tnt. the _ture ot _nOlle 
•• ,. of baadliDi d1tlereat pro ..... ,· ... to lUll-at the fle:dbilityof pro­
era-lnl teobDique.- U.. I. _de of flow dialftll. .. of mbrout1De tech­
D:lQue, both 1D tba ~.1a of probl •• aDd 1A Ule pnparation of Proll'Ul'. 

ODce the proara-er udel'etaDcl. the ba.lo WI. operattoDl 'aDd 
how proaram' are developed fro. th.. tbe pngn_iDe of a probl. Nduce. 
to aD aa1)'e1a of the -tslDa1 proble.. !hi. ~.i. Ie the ,_. of 
oour.e f •• it the actual oamputat,IoDl "1'8 to be _de bJ 1... autoutlo 
operat:lou-
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WHIRLWIND I 
_:=> n--C:: is a hiqh-speed electronic 

~~ DICITAL COMPUTER 
J 

--....-. ". ~ ...... " 

II. 
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'rhl. report ie all introduction to prosraalog tor tbe 1Ihirl= 

wiJld COllputel'. III. at MIT. 

It bes4ns with a geaeral statement ot what WWI 18 aDd wbat 117 

caD doo 'l'hll .tate.eDt ie intended to 8UlPlt both the poe.ibl. areal of 

applioatloD ud the ltaltatloDI of • high-spe.d d1sital collputer eucb a. 

WlI. 

Part I pre'.Dt, e ••• DtW., ot III proBJ'8DiDgo 

Part II pre,.nt, example, or III Proll'Ul'o The exuple. are 

obo.eD to Ulultn+ j bow propul. are developed aDd to -a •• t varioul 

proarua1ug techD1queao 

Part III ie aD appeDdix which 1Dcludee • di.CUI.lon of ~ 

bare in nI and the DI operation oode. 
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WHAT PI IS 

IWI i8 • "Gelpi" .1.ctrogJe dl.it,l gppmut.r. It ie a rapid 

aad wreatU. tool tor proce.'!Da tDtorutloo. BIlUt iDto It are e1.ctrollio 

olr_it. tor auto.tloall7 MqueDO!q aDd pertoniDa .... raJ. balic opera­

tiOD8. Coaplicated proo'I~.e m87 be d • .elop.d froa aequ.ooee of tbee. ba-

110 opentlouo Appropriate lD1truotlonl tor the p.rfOftlfUlce of the •• ope~ 

.tlOI18 aN prepaNd io the fona of pto,raIls. PI'OII'UtI 'are read into aDd 

stored iD 01 i.Iltenal atorap. m tt.n carri •• out thee. lutruotiou. 

'rhe blab apeed of operation of III ta .. de po •• ib1. bJ tM U8. 

of e1.ot.rontc clr.lta t_teed of IIOYtag partl ueed tn slower dtvioelo t)p­

.rat~OD ts. I, .anred 10 .iUio~tb. of a eeoc.. h ••• NI' of tell thou­

l&ad op.ratio_ ncb .. a4ditlon, IIIlltlpllcatlon, ~ dlvllion are p.rfo .... d 

iD ODe .. cood. At thie rat., iD 15 .1Dut.1 m perto ... e enor-tre. calcula­

tionl whiob would require lS J .. re of oontiDUOu, baDd O&1ou1atloDo 

All nI·. oircuita work OD tb. bali, of tbeir abl1it7 to pertOI'll 

the .bpi. taet of dl.tlngui.h1aa betwe.n tile pr"'DC! aDd, abeeDce of current 

flow. 'he dicit. 1 .Dd 0 are •• etlDed to the two et.t •• , current on aDd 

cureDt otf. f. computer doe- all ltl caloulatl.., 'Iv' ooutl.., with thee. 

twodlptl aloDe. lD tbe blaal'J qetem, Juet a •• e are accustomed to calcu­

lats. with t.D dlpt. iD u. d.ciMal I7Ite •• 

SiDce I~Iopppt. with diaorete d1,lt., it 1. call.d a dl.1t.1 

OOIlPQtero ft1l dtatiDlUia.e It ~ro. l!'lo, devices which .... e ,coDtisw. 

.e17 ohuIiDe-Cl1Wltitt..e .ad ,I ... aD&1ogoue phJeica1. 'rather tbaD ... rical, 

,IDdicat.iolll of _pltudeo 
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WHAT m OOES 

Upon recelriDg appropriate lD8tnotioD8 from • pnvl~u.17 pre­

pared PI'OIftil m •• toMt-loan, pertona MqUDOe' ot ita be.l0 operatioll8 

"17 l"ap1d17, 80 that, 

1). It. Gall eave maD1 hour. of labor 011 :routine collputatiooal 

ta.ka-

2) It MIte. practical the pertOntallce of Il8.IlJ _th_tioa1 aDd 

.tat1.t1cal manlpulatloll8 .bleb would 'be ot_ ... 1 •• too· 

ooltl, or time CODIUld.na-

3) It _t •• poaeible tbe autoHtio ooDtro1 of -DJ procee ... -

The follo.lol draw1ag .UII.ate • tew of the poe.1ble application. 

ot bleb-epeed dialtal COIIpUten-



INFORMATION-PROCESSING SYSTEMS 
uslnq 

DICITAL COMPUTERS 
will heve many 

APPLICATIONS 

air troffic control 

insuronce 
hondlinq I 

lndu strial process 
control 

simulation 

d
2

e +ade +b9=f(t) 
de dt 

mathemotics 

census 

gun control 

-inventory 

. 
economic ano~sis 

scientific and 
engineerinq 

computations 
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A. w1t.h aU tool., the efteotlve a .... of m zrequ1,. •• full ape 

preoS.t.loD of wbe' 1t 1. de.1pd '10 do. Ba.1oal1r 1t can ill .ql. opera­

tioul 

1) Store &ad' tJUafez- 1Dtonatloa wlthtD lu.U. 

2) P.rtoN tbe ar1tbatl0 operatloDi of addltloD, nbtraotloD, 

1llU1tiplioatloD, aDd' 4191ai08o 

3) Di,t1Ap1ah bet_ .. po.iti ... aDd .... ttft ... ber. aAd take 

ODe or two altenaate OOUI',,' in • PI'OII'D on tlae .aia of 

the diet.iDoti •• 

4) .had el.otrical pul ••• to ftriou. esten.! device' .• Dd OOD­

trol their actloD aooordiDIlJ. 

It caD autoaattoa117 pertont the.e .11111e ope_tio_ in a. __ o 

SequeDOe. or thee. 'imPl. operationa -7 be .. biaed bJ tbe pl'Oars-r 

into "17 lea,th7 aDd Oollpllcated pro_ea ••• 

Becaa. there 1 •• oonelden.ble alllUarit7 bet •• ell operatioD8 iD 

luoh uchi •• a. ny aDd tho.e in •• 1IIp1. _neue 878te., aDd becau8e 

the.e operattoaa are perton.d eo rapld17, It hal beco.e popular to thtllk 

of mob .. chiDe. a. B1at braiD80 Thi, aDalol7 i, DOt ",el7 helpful to ODe 

_be i •. preparq a Prol!''' tor the OoIIputer' Hi. Job il to apecifJ 8"17 

operatloD ill the proM., .hiGh the oollpUter 1. to can;. out.· ,!,hI. __ 

tbat he aut tlr,t OOIIp1etelJ aaalJae the pro.", .alDB .. _i'al.te~ In­

.tead ot .peolfio~ue.. ,__ •• t prepare a pro..... lA ooded ton 

(whiob. de.orlbe. the pa-ooectuN eteP b1 .tep), to whiob the OOIIPuter 1. bailt 

to·· NIpOa.do IheD the ooaputel' lIli .. ~l. pro,raII 1t proceed. to 0&1'17 
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it OD~ .ltbapeoltlo auaerioal valuee, aleo eupplied either b.r the pro­

.ruaer 01' b7. extemal cleri •• o 

!bte relatiolllh1p ot pro' ...... r to III de.enee .raphio 11-

18.tNtl08. Whil. etuqiq the toUo-iDa dnW'lns, 1 •• fDe the operator 

ot the deet calculator •• the pro ...... r tor Whirlwind I. I_sine· hill to 

the lett, of the beaV arrow labelled ·probl_ to be do...... In preparlDe 

. the pl'OgI'fllt Or the problem, he ftlt 10 tbrou.gb the 'Ve17 -.. aaalJet.s wbioh 

he pes through tor the lame proble. when u.ina the desk calculator. 

AU calcu.latl('1Pt handled b) V;1iI can aleo be handled (til a desk 

oaloa1atoro 'flv, u.etuln ••• lie. in ita .peed in carJ71ng out procel.e. 

lnvol Yilll . computationo Thil .... tbe performance of any pl'Ooee.e, econ-

0_108117 J"etttiable tor tbe flret ti_. further it .. tee po.albl. auto­

_tio .ooot,rol of oe~.ln proceeeea Which, becau.e of tbe speed Nqulred e 

could be baDdled lD no other .a70 

Of cour.. prolr61l preparation till. wet be inoluded in aD7 e.tl­

ute or aWl'..! co.t In aolving • particular probl_o For thie re.,oo IIaD7 

probl_e whlob oaa be eol.ed .anua111 in • reaeoDaQleti .. , and which need 

DOt be .olftd ofteDe Ila7 .. , beh1t.bl. tor .01utloD on a 1arle computero 

')sa the ot.her band p maD7 .eJ7 _impl. rout1D. taete can be .conomioall, 

baDdled by ~,I beoau •• tbe7 caD be proll"alDllled once aDd tor al'(o I. ".~)\. 

elim1natiq the need for .eparate ana~_il each time the taak ~ e Pertorrodo 



BASIC COMPUTER ELEMENTS 
comparison between manual computation 

'" . . OPERATOR ~ DESK 
NOTEBOOK~---~ ~ CALCULATING 

:::::::::~=========~.~== MACH I N E 

incoming 
problem 

outqoinq 
results 

~I·-----------------and----------------~ 
WHIRLWIND I computation 

problems 
to be done 

STORAGE CONTROL t--_~ARITHMETfC 
"'---1 ELEMENT 

results in 
desired form 
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ESSnft'IALS OF PBDGBdIJIG 

lOam 

P... C) 
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A propua 18 a ·eequenoe' ot 1DIttruotiou aDd .... rioal wluea. 

ill ooded. tone It tutnot.e the GOIIpUter to perton • partioalarprooea., 

0_ operatloQ at • tille. 

Beton a pl'O ..... la perto"", it il atond t ill app:roprlate 

tOlll, 1D the Nnn lUllt. It II thell __ .ted br the aoabiDed opemtloD 

ot tba ooDtl'Ol aDd Vt' .... l! uattl. 

Dr au d1nlapllh bet_a ud pertOI'll 32 .,10 klDdI of Gp­

.• ;ratiou. '!'be.. operat1oll1 aN. delorilled ill "!he Order Co4e- .• blah II 1D­

o1ll4ed 1D the AppeDdtx (D). 



,,?apll ,. 

B. RPI"'f ,or .'*-tIII 

!be ,'''"''In., aDd "'!b're u • PIO ......... botb oa1led 

.0..... IuD aN Ito .. uaepanta Ad"',. or tbe no ..... Uit. 

Bach reatner l8 ... beNd, .. \be "'1' •• I ... t_. N.tat. .. I. 

oa11ed Ita tddrta •• 

A proan-d .,her epeoUl •• tbe .tp aad .. pt_ad. of the 

AD 1 'Ul1Jgiop te a OOIIblDatioD of on. of the· 32 op.ra~toD' 

plal the eddre •• ' ot· the' .ton.. rell.r wbiob oontelD1 t.be word to be OJ)-

.rated Oil. 

'I an aaapl. ot tbe aact _ .. tDI o~ aD 1Datnaot.ion. 1tlpF08. . 

tbat at lOM't1u in a ProlNa It 1 •••••• l')'. to abtraot + 1/2- Tb. 

proera-r would 1Do1ud. two wol'de 1D tb.propaa for tbi. purpo •• - One 

would be the DUIlber + 1/2.' 'I'be other would be tbe iDitnat.loD to ,nbtraot 

the oont.Dt. of tb~ "sieter .biob oontain. the word + 1/2. Thai. it 

+ 1/2 "re Roftd lD tbe net.ter who ••• ddre •• i. 249 (01' simplJ rest.ter 

II 24c). the p~araaed iutnotioft would be " 249 t where .II t.e the oocied 

ton of Ipbt"eto 

Specitica1q the lDItruction II 249 lI.ane, ,,_rad thl Mot ••• 

of ",1.\.1'; US. 'l'bue iutnction. .., be UkeD.ed to als.bral0 aotatt.ori­

wben t.he content. of. "Ilete" .., be ~ JaR •• -7 the ~uee ae·' 

elped. to algebraic IJilbole. 

People have a D&turallllt iDOOrrect t.1IdeDo7 wheD ttnt begin­

llil1l to prograJI to wi-it. all i .. truction .1 aD order pla. the' ,old to _be 

operated 011 rather tbaIl •• ail order'plus the addn •• ~ tbi., word, ,-,_, 

,be correct tona 'or the iutruotion abo" ie D i4~t not • + 11(. 
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Proar-a ·.n or1ciu1l7 written la ataDda~ ton, tbat la, with 

\be alpbabetloal .bbrn1..tlo~ of the order code aDd ordl_17 deoiMl .... 

.. ra. •• ta t.be pnoediDg uall'pl •• 

BetON 01 GaD re.poAd to the plOp-aII, tbe naDdard ton •• t 

lOIIebow be GODYerted to blDaI7 torm. 'he talk ot 00""I"II0D il aelfCDad 

to the computer, laatraoted bJ a OOIlftreion pl'OlJ"8II wbich hal be.- wrlt.ten 

once aDd tor all. 

ttie pJ'Ogr_r DOl"Ila117 doea all proen-lDg 1Jl ·ltaDdard ton. 

aDd Deed oot. GOllceI'D bill •• lt with the detans otoo .... r.loDo Howeyer, be 

.f\l .ore tul17 underltand prograllltiD& it .he i. t.llial' with the tOl"ll ill 

wbich DUllbere aDd 1Altruotlonlare reprelented in '111. 

A V.WI storale regilter oonli.te ot 16bina17 dillt politionel 

each dillt politio!) lIay contain a 1 or a OJ I. the drawing at the eDel ot 

th11 lection. When. wordwlt.blo a rellater repre.eat ... t,,\ructiOD. 
. . 

the tlret S digit polltloae are '-ken up br thebiDar,J coded repre.eot&­

tiOD of the operation aDd the la.t 11 b.J the addreel ottha word to be 

operated on. 

then a .. orcS J'(;pNtp.c;nt. a' AYmhJ:. tbe tir.t dillt polltion, cal­

led the aip di,lt. indlcat.e. wlwther the awnber: 11 politi_ ( ... ) or ne .... 

tive (-). The 1 •• t.15 lndicat. It ... galtude. For. + DUIIlber the lip 

digit ie O. For a ... DUiriber the eigD dieit ie 18 aad the ..., Dumber' e mal'" 

nltude if repreeented b7 obaQIiDS all O'f aDd 1'. of the po.itive •• 1D1-
. . ' . 

tude of that iaUDber to l'e and 0'. J'espectiftl1. 



., ••• +..l. t. repreaeated in • repater .,8' 
e 

1$1E1!lliClc'iO~16JfIOlCI6ff® 
alp ",Ditude 
, aDd tbe _.atlve DUllber ~...l. a •• 

8 

11 11 10 1~1JJ!IITfrirfrf[11~ I11 11!l 

Thia representatioD ie lION ful17 U):lained in Appendix Ao 

The _pttv. ton ot the .. ber Is called 'the oompl_t ot 

tbe posttlve torm. and .lce versa. 

'rhue at any one tbt. • Ngf.,ter contE. in~a "ord wbich 118Y be ' 

inteJ1:reted both al a b1neJ'7 number f.lnd as a coded inatructlono 'Whenever 

& word ie lent to the control element. it become. 'D inetruction. -.tile 

, ... hen."er it il aent to the arltllJl,etic element 1t ie treated 8~ a ol.iJtlber. 

Tbi. ,,111 becolI\e clearer "'hen uamplef are cOD8idered lster on. The tect 

tilf.'t &111 regilter ItS} cantt-in .!I1ther 611 inetructloD or a DUmber interchange­

ably meke! tor a more flexible machine • 

.. WI 1 •• 0 deslped.that aritblletlc operatlou are aoru117 handled 

a. it the blDa17 point of a IlUIIber (correeponding to the decimal point in 

th8tt.oblal DDIlber s7ltem) il oouid.red to be tlxed at the left of the 15 

digit. which reprel.nt it •• agDitudeo Tbue only nu.bere of aagnitude lee. 

than I are carried in a register- In other word!. a relieter csrr1e~ num-

barE in the rang. bet .... eD .... 1 aDd +1. 
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Of coare. l'fiI _It be able to haDdle probl_ lD'fOl viDa ..... 

bere pte_tel" ~ 1- A DWDber equal to or greater thaD 1 !D .. pi tude ~e 

pn-a1tlpl!ed bJ I .. other DWllbeZ; DOl'IIIall7 called a loa1e factor) (unal17 

a PO_I" of 2) 10 cIIoeeD that the nnlt Ie 1e •• thaD 1. Both the lcal.­

factored JIlIIIber aDd the lcal. taotor It_1I are theJl _eded to npnHnt 

tbe orillDal lIDIbero The lea1e raotor M7 be •• e1ped penaDeDt 17 aDd re­

_bend bJ· the prolra-..r, or It maJ be .tored in a l.panta r.lilter~e 

the eXpo.at ot the pow.r of 2J The progl'8ll 11&7 be written to deal properly 

with the loal. faotol' -beDever It d_1e with the .oa1e--taotored DUIlbero 

EtfeottY880ale·tactoriDi of JlUllbere ill the orlglD&1 propall 

aDd of the aubere artllag dIlriDa ita execution II ODe of the progn-.rDI 

IIOre tediO\le taetel) If the ~gnitude or a DUIlber :result!.., from ODe of 

the arithlletic operatione equall 01" exceede 1 (called overflow) ,. the oollputer 

.automatloal17 etop., rivee an alal'll, aDd indiCatee the point in the pl'Oaram 

where the overflow oocurred. 

The blnaJ7 IlUIIbere repree.ntlng addreeeee 1n iDatruotione are 

cone1dered to be politive integere with the binal7 point at the right-hand 

eDd of the tIOrdo 

When awnber. are repreeented in dili tal· torm. their accuraq 

Ie limited by the IUllber or dla1te used in the repreeentationo The aocurac7 

ot l~ blD&1'7 dllite (one part in 2l~ or 32, 76e) ie equivalent to that ot 

about 405dec1mal d1,lt8o Greater accur~CJ than thie 11&7 be obtaiaed by 

".lnc more thaD 0 .. register to contain a numbero 

An . eaplanetteD of biD8J7 .m.bere sufficient tor general Proll"Ut­

.iOI purpose. ie included. in tha .ppendix. 



WHIRLWIND I 

W 0 R D 5 are held in storage registers 
and represent either 

NUMBERS or INSTRUCTIONS 

number 

101110101011111011\01010111011111 
~' if J 

SIGN NUMBER 
+ .55112 

instruction 

101110101011111011101010111011111 
\ Jl , 

T • . 
OPERATION CODE STORAGE ADDRESS 

TRANSFER TO STORAGE REGISTER NO. 1675' 

CONTROL DETERMINES WHETHER A GIVEN WORD REPRESENTS A NUMBER OR .INSTRUCTION 
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D.- BASIC COJPUTP !T'pmS 

Tbe tOllr •• 10 e1_.8 ottbe 'tblrlwW OOIIpU~r an I 

1. Iappt=qgtpu\-, to Intl'Oduo. prop-au aDd data into tbe 

OOlllJ:Uter proper &ad to extract reeu1 t. or oelaulatlo •• 

2. Stor'n~ tor a pro,rul aad data. (St,ol'ap 18 DO. priMril,. 

oompo.ed ot 304 relt.lt.re J tbl. ...ber _ 11 betnr lDOz.aet! 

to at.. tbo.aDd tn the .. er future.) 

3. ArithMt,lo 'lwpt. which adele. eubtraot •• Iftlltipl1 ••• di­

vid.. when 80 1nltrQcted-

4. Cop,ro1, whleb ooordlDat~. the ovttr-all pertOl"laanc8 ot om. 
Thee •• l.ente an int.r-connected· by a _in bue or coBlUnica­

tl0D link- The bae providee tor the lDterohaq. ot intonation Dece-'817 

tor WIlte autoaatio operationo 

Wh.Dever 1I¥lI ie operating. the control .1_0f, 1. g.neratiDg 

a contiauoul aDd rapid eDcc.sIlen ot electrical pull.eo Thee. pul .. , are 

red to tbe laput or an .lectronic dietribution ,,.8te. through whiob tbe,. 

are e.nt. to _the oircuite required to C&1"I"7 out each operation .e called 

tor bJ til. progru. 

The next tour drawtq. -aN UllletrattoDl or the belle co.puter 



basic computer elements 

INPUT AND OUTPUT 
olternative ways of getting information 

into and out of W H I R L WIN D I 
input 

SELECTION OF DEVICE USED IS DONE BY CONTROL 

~. 

.. ~~. '-1----..--· 

typewriter 

tope punch 

Eastman Fi 1m 
reoder- recorder 

IN 

COMPUTER 
PROPER 

onalog information source 

"'~ . analog to 

0--->--: ~o"-\--------~"~I digital 
._ ;I( converter 

~ .. -. 

OUT 

digital to 
analog 

converter· 

output 

i~ 
r---::--~ 

printer 

tape punch 

Eastman Film 
reader-recorder 

analog display 

~(-)~ 
-----I.~I 

4 lit·. ~ 
4#4~~ 



basic computer elements 

STORAG E 
the memory for initial 
~ata, instructions, and 
intermediate results 

NOTEBOOK STORAGE 
in 

manual computation 

. ~ 

~
c "'-., .; ..... 

~ +:§ W 
'~j' 

--:. 

., 

stor-age 

- ---=- -"- ;';.9· ~. :;:::. 

• • • • • 
• 

ELECTROSTATIC STORA~f 

in 
WHIRLWIND I computation 

BINARY DIGITS ARE WRITTEN 
ON STORAGE SURFACES 
AS CHARGED SPOTS 



bosic computer elements arithmetic 
element . 

ARITHMETIC ELEMENT 
of WHIRLWIND I compared 
with 0 desk calculat0r 

Ru:ei".'~c; r: j ~I t·Er fr()rT) t'le !nain t>JS­

Ho!ds addend, sJbtrah~nd, r1'\ultiph~an:1 
or divisor . 

The adding unit- Holds the result of an 
addition. multiplication or subtraction· 
.and ~the dividend in riivisiOi) 

~~~~~;;~~~~~--~~---~ 
Auxiliary register-Holds the multiplier 
or quotient 

DESK CALCULATOR ARITH~ETIC E"LEMENT 

PERFORMS ACTUAL ARITHMETIC OPERATIONS 
SUCH 'AS-

add • subtract • multiply • divide 



basic computer eletnents 

CONTROL 
Just as in fINInual corrtp.Itation 
the operator controls the 
steps to be pel formed· so in 
WHIRLWIND I computGtion 

control 

~~ 
CONTROL 

takes next instruction in sequence from 
storaqe • examines it and sends pulses 

/ 

at the. proper times to the Vltn: ..•. ous parts 
of the computer to perform the necessary 

PROCESSES 

~ instructs 

instructs STORAGE to ARITHMETIC ELEMENT to 
SELEt:T A STOIIAIIE IIEIIISTEIl 

AM. REA. 1M 011 IIEAD OUT 

EITIIEII M ••• EIIS ,. IM$I7Iut:T .. S 

instructs JNPU-r to 
, SELECT EXTEIIMAL DE",CE 

START - liE AD - STOP 

CLEAR RE6ISTERS· 

ADD • SIIBTRACT· MIILTIPLY 

"\.\\ DIVIDE· COMPARE 

instructs l)u-rpu-r to 
SELECT EXTERNAL DEVICE 

START - RECORD - STOP 
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Eo "HAT 'iII DOES \\11H PJl)QRAMS 

IWI DOrM11J baa aD input prolJ'U .tond iD tt. tirlt 32 re­

silte". 'rhi. iDput pro.,.-. read. the Prolrall to be performed into ~ 

otbez- d .. bed reatltere or the etorep wdt. At the pn.eDt tille,' proerae 

are read iato I'll troll puohed paper t.pe. III .dd't1oD" ..... tio tape iDpQt 

auad pbotoll'aPhlc ttllt laput an being deftloped. 

After the program hae beeD read iDto aDd ftond ill III .tonS., 

it 1. Nad7 to be pertonaed. UpoD •• tart It,Dal, the Yanoa. tut.notiou 

ill the propu an pel'toNed 1D U. .. eaoe lD whiob the pro ..... lilte tbelt. 

External data Deeded duriDI perlo ..... of a prop'.. GaD be 

ted to .ton .. fa. •• riou' tn>el ot eqUip •• Dt nob .... adar .. tlo tete-

tJPe liMe. pre.nre IU,e.. etco 

Tbe nault. of a pro ..... oe be read out ot ,YilI lD ftricna. 

ton.. At pre,eDt tbel caa 'be t1J)ed. puobed oa paper tape, aDd diepla,.s 

011 oeollloeoopee. 

'1'. Order Code in Appeadlx E ,i ••• tile ftmotioDl ot the _.-iou. 

ord.n. 'beorderll ill tbe ttr.t poup.e. oontrolliDa pull •• to illp6t­

output tMlUipJleDte !bOle ill the .ecoDe! I.roup prone» tor thil traDeter of 

infO ... ttoD withill the OQIIPlte... 'I'he two orden iD tbe tb!rd arouP 1IOdU)' 

tile •• eDttal .. t1o. of oontlOl to penlt traute .. of operat101ll rr. 
oaepolat ill a pro,lU to .. otber point. W tbe order. 111 the la.t two 

poupe an kDoWD al the arlthMtto orderlo 

Th. following abbreviat1cDI tor three epeo1al-pu~o.e arithmetio 

Nlieter. aN u.ed in the expl&_tiol1l r1"Il, witb the order ood,o .oh of the •• 
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three registere bas a 16 digit word capacity, ju.t aa do tho.e in ltorageo 

AC s accwmlator. The addiDf, aad shifting regieter in which 

nmlt ,add products are a ccumulated and retained-

BR • B-relister. Tbe Ihifti.DI rep.ter exteDdin, to the right 

01 the .COUIR11.~I't used in the tOJ'lr.etion of producte and 

quotiente • 

.lR • A-resieter. PrSmarill' a batter etorap tor worie to be 

added or lubtraoted blto AC. There 1. oD17 01'18 oft'ler, 

H, wtth whioh it i. -08"817 to coulder the content. 

of the A-reltater-

'_V,I wal originall), deeiped U all esperiaental ItOde1o a it 

bal been de .. loplDgt IIOre penaD8ra't planl __ been made tor ito ae.rtlle':"· 

1 •••• it ie etm in an experi.8Il~.,etapo Thie 1e partioular17 true oftbe 

input-output equipMnt aDd teolmiquee tor it. ueeo For thle reason the "II"~' 

POl'a17 order. lieted in Appendix E, are beiDi ueed at pre.ento inetead of 

the tint block ot laput-output order. li.t_d in the Sbort Guide to Codingo 

The pro.... lor partloular pl'Obl.. wm aot be obaaged nbstutlaUy, it 

at all, b, the._ tellpOl'a17 condition •• 
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Eve17 time a particular job i. pro,ruaed tor tllI the proaru 

beooae. available to tu"ture prograJlll1ere t there'b7 eliminating lY'uch repe­

tition of .tfort. 

For in_tance, rout1Jle progn.ml celled nbroutinel, haft been 

written tor oollpUtiq polJDOlllale, tor COIIputiDg IlOlt of the 008lOD trig­

onometrio tuDot10nl, tor COllPUt1ae the .quare root ot • DUllbe~. tor arran­

liDa. Nt, of DUIlbere in. alceDding order of .,nituae, for interpolatblg 

in • table ot ~e., aDd tor other taeklo 

It a pro,naer .utl to haw ODe of theee talk, pertoraed .. 

• part of aloopr proP'U, be Deed _re17 COP7 the nbroutiu propu al­

reatV •• Uable tor the de.ired talk, aake appropriate cheape ot actareee ~ 

aDd iDolude it 1D the loapr pro,raa. 

M eftA lION ettioleDt ..,. ot baadllDg eubroutlDe' i. b.iD, 

deftloped tor III. It 1. plaDiled to ooapile • library of subroutine. to 

be .toNd ill a tOI"ll aooeaeible lIO 1WI. ArII Proll'all requiring the pertonuoe 

ot 0_ ot the •• _brouti.1 will 1Dolude one 1netruotioll directing it to 

the de,ired eubroutiDeo The aubroutine will then be pertol'lt8d with the 

value. lupplied to it by the .. 1D Pl'Olru. UpOn oompietloQ of the aubrou .. 

tiDe, ~Dtrol will automat1oa117 be returned to the point at wbich it lett 

the _in proaru. 

Eaoh ·eubroutine .... ilabl. to HI ill tbi. tOft can be GOuidered· 

-.D exteuloll of nIta balio order oode 9 sinoe the pel'torIDanoe of the aub--

routine requ1rea: bet "" .. tDltruotloD 111 tile _1D PI'OII"UI. 
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G. FLQI-PIAGRAIS 

Th. atruoture of a plOeram .., be clearly Obarted.OD a no­

dSaIftlll. . A now diapall coD81ate ot a .. rS. •• of ltate .. nt, about what the 

propaa doea. The atat_Ata are eDOloaed 1D boxea .hiob areco~ 'b7 

alTO_ whiab 1Ddtoate the ooune of the PJ'OIJ'MI. The at •• eDt. lDoluded 

iD the 'bo.a of a no- diapua mq repre.ent ODe, a tn, or _ .. ~tl'Qo­

tiona, depaDdiDe OD the pUI'pO'. at bud. 

Flo. diaP'U1 aN uaed pr1J1artlJ for clarification purpo ••• o 

lberea. prop-aa are written 1D the laap ... of the oomputer, tlow d1apa .. 

Deed not be· Thq are belpful to the proar-r 1D aaa~!Da a probla 

aad plaDDiDr • pl'Olftla. '1'.,. are helpful to avo.. 1Dtereeted 1D what • 

pl'Osrut doe •• 
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PART II 

DEVEIDPMEN'l' OF PBOGJWlS FOR III 

The to1lowilll e.llples beve been selected to illustrate bow 
Proll'all' are developed tor m and to lug. It other application' aDd 
techrdquee. 

For OODv.ai.noe of illustration. iDltruotions tor programs will 
be DWDbered .a thou,h the, •• re to be stored cone.cutS."17 ill reliltere" 
ataniDi with the addrees 10 Stored ,.lbere w1l1 begin at the addreae 
200 <an arbitrary ~e'i,nation). Numb.r. aDd 'D.t~otioDS oaD be a.eisned 
interchangeably to 8aJ addr.aeG Ho .... r. in.t~ctlons must .1.a~1 follow 
.ach other ooD •• cutiv.17 in the order i8 wbich tbe~ are to be p.rtorm.d p 

except when a 'Pecial instruction within the prosr .. itaelf order. 8 de­
viatioD from -thie rule-

When aD order apFeare tor the firet tlae In the following ex= 
allplee the reader ebould refer to the Order Code in Appendix E for it. ~x­
act de.orptloo. 
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LIST OF EXAMPLES 

A. APPITIOlf OF A SERIES OF NUMBERS . 
• 0 •••••••••••••••••••• 

1. wrrJl)vr SCALE FAC1'ORING 

2. WITH SCALE FACTORIIG 

B. EYALPATIOIOF A PQLIBOMIAL· •••••• •••••••••••••••••••• 25 

1. 1f1'1'ROlJ'l' SCALE F .AmORIIQ 

2. WI'1'H SCALE FA~RIIG 

C. USE OF SUBROpTlNES •••••••••••••••••••••••••••••••••• 28 

1. TO FIND TAN e , GIVER SUBllOUTlNES POR SIN 9 AND 
cos e, S< 45 

D. CONPITmBAL PBQgRAMMING. FIpI DIAGJWIS .............. 31 

1. USE or ~ ORDER TO DI REC'l' COIn'ROL TO 
THE TAN e PBOGIWI OILY IF 9- IS < 45 

2. lIDW DIAGBD FOR T.AN ~ PBOGlWf 

3· GENERAL REMARKS OR USE. OF .Ql 

4· SELECTIOR OF LARGEST OF A SET OF NUJt.BERS 
BY DIBECT MEI'}J)D 

5· + 0 ·AND - 0 AND EFFECt ON .QE OPWTIOIS 

6. T1I) KINDS OF COUNTERS; 0 TO n, -n TO 0 

7· CYCLICAL PROGRAM (USING A COUNTER) FOR D.4. 
CIWfGING IISTRUCTIOIfS DURING OPERATION OF 
A CYCLICAL PBOGRAr. 

8. now DIAGIWl FOR A.IUWIiING A SET OF RUMBERS TI ORDER OF V.AGHlTUDE 

E. rTERATIJE PROGRAMS •••••••••••••••••••••••••••••••••• 44 

1. TO FIND Vi BY URIFOBMLY INCREASING SUCCESSIVE TRIALS 
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ua 
F. GENERAL BAtURE OF PBQGRAMS lORa ••••••••••••••••••••••• 48 

1'. 

2. Im'EGBA'l'IOI 

,. DDTIIlEII'1'UTIOI 

Q. §IMVL4tlQR AID DISPLAy································ " 
1. SOLlJ'l'IOR or DMIRIRTI.AL EQUA'1'IOIS DISCRIBIIG 11)'1'101, 

AID OSCILlDSCOPI DISPLAY or TEE PAtH or .& Jl)UlDIIG BALL 

H. usI or '1" •• '1 II m •••••••••• ~....................... 56 

1. GI2fEAL PJl)ClDURE 

2. LIIIAR I1ft'DPOLA!ION 
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Ao AI2DITION' OF A SEf.IES OF HQlIRRS 

The flrat group of examples w11l illustrate the programming of 
arithmetic x:.rocedures. 

A.1·1. WITHQUT SCALE FACTORING 

A }:rolram to ado three nwnbere together is ,lv.n heNo 'l'his 
program adde the IlWftbers a. b. aDd c, aDd atoree the result in a register. 
It then sende control to the first iaatru.ctlon ot the Dext Job. It assumes 
tbat each of the aumbers ie les8 than 1 in llagD1tud., aDd a1eo that at DO 
t1me in the procese will a number ar:lee of value great.r than 1 (i ••• , that 
DO overflow "m occur). 

1. ca 200 

2. ad 201 

,. ad 202 

4. ts 20' 

Ett·ct 

Cleers AC J 1'6"8 • ill AC 

n (a+b) It " 

n (.+1*0)" It 

" (a+b+c)" n and in Register #203 

5. 8p (address of regiater ho1d1ag 
, the first iuatruotion of 

the next Job to be dODe) 

SeDel control to proper address 

200. a 

201. b 

202. c 

203· .-.. Conta:1ne (8+bt-O) after :tnstruc­
tiOD in Balleter 114 18 .xe~ted. 
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A.:2 0 WITH SCALE FACTORING 

U.1ual17, the exact values of a.. b, aDd c to be u.ed with • PJ'OIJ'Ul 
such a. this are not knowno 'bit their pro~bl. rEDle ueual17 i. known tor 
moet practical applicationl. Such a situation could be handled br leale 
factoring to accommodate the maximum pOlaible v61uee tbat could ariee duriDl 
the prosraIDo Scale tactorinf: i8 done b1 multip17iDl a DUllber 'b7 1/2 eaoup 
timee that the reeultf:lnt (8C81e-fac~ored) "alue il le •• than 1 111 _pitude. 

For example, it it .ere known that a, b, aDd ce.oh 11e wDhill 

the raDge -, to +5, 8inee '> x 2-3 ,. 'J/8, the)" could be ,tored fa the tOJ'll 

ot a x 2-3• But the maximum'poelib1. value of the sum of. + b + c 1. 15. 
The, large.t scale-tactored torm of lS which is leee thaD 1 i, 15 x 2-4~ 
Therefore, the appropdate adaptatiQD of the prolr.. to handle value. io 

thie range would be. 

leS. (InetrQotions would be UDaltered.) , 

2OC·. • x 2-4 

201. b x 2-4 

202. c x 2-4 

203. (Containa (a+~c) x 2-4 after instruct10D 
in reg1eter 114 1e executed.) 

CorrespondinglY. it the maximum value that could ariee 1n this 

program were 2OCC, an appropriate scale factor would be 2-,11 f because 

2000 x 2-11 ~ ~~~ 1a less than 1. 

Whenever scale factoring 1s resorted to, the ecale factors lUet 
be remembered 'either b7 the progr&mmer or in the p1'Ofram itself t eo that 
f1na1 results can be reconverted to their actual values. 

A simple pl'Qsram 11ke the abo". aa)" be encountered a8,r ., 
part ot a larger program, where different ,Ieotion. ot the whole, 0: 
program calculate and store a, b, aDd a, before .ecution of the in. 
tione which perform the additiono ' 
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Bo E¥ALUATION OF A POLYNOMIAL 

B.1o WXT8?UT SCALE FACTORING 

. 2 .' 
The evaluation of the polynomial ax + bX + C for a part! euler 

value of :x _a1 be prograaed as follows: 

Instruction 

1 •. ca 202 

20 mr 291 

3. ad 203 

4. !Dr 201 

5. ad 204 

6. ts 205 

7.. ep (address or next job) 
• 

. ~ 

201. x 

202. a 

203. b 

204. C 

Eftect 

Cl~r,s AC, a in AC 

ax in AC 

ax + b in AC 

ax2 + b~1n AC 

0 2 + bx + C 1n- AC 

Transter ax2 + bx + c to register .205 

Receivee ax2 + bx + C 

Thie evaluation could bave been accomplished b7 a different ee"'" 

quence of operatioDs; tor example, 171 first cOlllpUtiDg and storing a:x2 
f then 

forming bx + c, and f1nally adding together these two values. Howevere 

this procedure requires several additional instructions and etora,e registerso 
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B.2. WITH SCALE FACTORING 

With the method just deec'r1bed tor evaluatl'ng a polY~lIliaJl., aD 

appropriately ecale'='factored form of the first few tenus of the Maclaurin 

seriee, for 8in e. can be used to coJllpute ein S. The firet three terme are~ 

where the angle (3 le expree8ed in radians- \9 i8 considered to l1e in the 

ranie 9 to 1- radians (0 to 90°). but T 1s equal to' 1057. & 1e ecs.le­

factored to9/~, wboe. value 1s alwa7e leee thaD 1 In the raDg8 Considered­

Rewriting the polynomial in e as one in el2. there result8: 

2(8/2) _ gee/2») ... 32 (s/2) , ~ sineS 

3' 5' 

. For the' limiting caee of 9= T' the value of aiDe i8 equal to 

1. Theret~reo 8109 must be Icale ... tactored to ~ 8in&, aDd the final result= 

iog polynomial i81 

(G/2) - ,~9i2l' ... 1§~9Lil' ~ 1/") sinS. 
3B 5" 

or '(&/2) -' "SL2)3 + 2~l215 ~l/2 e10$ 
:3 15 
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The' correepond1 ng program to evaluate 1/2 sin e is: 

In.t11lctioQe 

10 ea 200 

~. m,2oo 

3· mr 202 

40 su 201 

So mr 200 

6. mr 200 

70 Ilr 200 

e. ad 200 

9· ts 203 

10. epnext job 

~ 

2000 9 x 2=1 

2010 2/3 

2020 2/15 

203·' ... --

greet 

G/2 

(e-/2)~ 

rl(6l/2)2 
_ -' + .1 (9/2)2 

3 15 
-1(8/2) + rl(9/2)3 

_ ~(&/2)2 + rl CS/2)4 

... ~(e/2)3 + ~(e/2)5 . 
3 15 

(S/2) -1(S/2)3 + rlce/2)5 

Receives 1/2 sin G 

:; 1/2 sin &.' 

The maximum accur&C7 lost b.Y aegl.ottng the fourth and higher 

terms of the sin 9 eeriee ie about oOOS at 900
0 For angles leq. thQJ:i 

430 the accurac.r lost is le8e than .OOOC3 (or 2-15), leee than can b~ dis~ 
cerned in a lSedigi t binary number. The inclusion of the fourth term @f 

the s.riee would decrease the e1l1'Or of this sin 'Q apl l"OximatioD to lese 
-15 ~ 0 

thaD _2 rOf all angles up to 75 0 

AD7 de8ired degree of additional accuraq could be obtai,ned 

b7 ueing' more terme of the eeries (making the equatiOD Inherently irore 

.ccurat,e) ,and more than ODe register to contain each. DWDber (makinc it 
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'Ooeelble to l'epreeent this·· greater accuracy in WV:1) 0 

The ral!£e of values computed by this program could be e:;!ttencled 
beyond 90° by the add! tiOD of a tew orders to aellee. what quadrant the 
angle w~e in andaccordingl1 to adjust. the eign .cf the resulto 

TherE are several other ways of finding po17JlOmiale to apJ:.roxi.=:. 
mate 8 function over a particular range (such a s the least squares method 
or'Lagrange1e-method). The particular method selected ueually.depende 
on the amount of storage required for the desired accuracy in the approxico 

mat ion 0 

. Another· 'Way ot tinding ValUefOr functions 18 to have the proglr'81lJ 
look up the' dee,ired value ln a stored table of values, but this cormsll,' 
requires considerably more storage space than does direct computatitO'Pl,o 
The techniques for the use of stored tables 18 given in eec~1on H~ 

Co USE OF SUBOOPTlNES 

Col. IQ1IND TAN §-

. If subroutines' tor tinding 1/2 sin e and 1/2 cos e were alrsady 
avaUable to a 'main program, taD G could be found easi11 by. using the re= 
lat:1onehip tan e • sin Glcoe e- 0 . 

The prof-ram given here is valid for angles up to but mt including 
45°; tor, without additional scale factoring t overfl@wwould cccuroA 
method for testing whether the angle & ie actually lees than 45~ and for 
ueing the program given here only if e is lese than 450 is gl ven insectiol'lle 
Do 1-2. 

. Only the main ~rogr&m should be read at first. rt indicates the 
oven.11 procedure, with theS orders directinf the computer to proceed 
to tl.e t.-o subroutines and. heving the eftect of leaving 1/2 cos 9 and 
1/2 siD 9 1nthe accumulator- The mechanics of the eubroutine procedure 
ie indicated following the program. 
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WAJ Q PROilUM' 
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4. 
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7. 

8. 
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100. 

101. 

ea 200 

ap 1,0 

ta 201 

ca 200 

ap 100 

OT 201 

a115' 

t. 201 

.p next Job 

ia 110 

,. '111 

( 

~ 
102. 111" 111 , 

1/2 liD 8 ( 

-----~ lubroutia. ( 
( 
( 

~ 
( 
( 
( 

, , 
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0/2 

'0 1/~ co. 0 eu'broutlne. 0/2 .t111 1n AO. 

!ran.ter. 1/2 008 0 to 201. 

0/2 

'ranefer. ftlu. ot tan 8 to 201. 

Put, return ad4re.. ot malD pro.rea 1n 110. 

;ranltere '/2 (.'111 in AC) '0 111. 

) !bi •••• h ot the lubroutlne 1. 14ent1cal 
) .... wlth pr.vlou.~ diviloped prosraa tor 
) 1/2 lin O. 
) , 

) 

~ 
) 

'1/2 001 II) ( 
( 
( 

1.50. 
• )---In.tnotl0.1 

) 
) 

i 
( 

• 
160. , .p --- r 

) 
)---- uta 
) 

) , 

)----- S ... 'proc.4~. a. In 1/2 w1nO 
) lubrouti ••• 
) 
) 

.tor ... t~~_~ 200. 0/2 

... 1. procr .. ( ,201. --- ator.,. for valui ot 1/2 coa • &D4 tan O • 
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The !tt a.nd 11 orders are introduced in the main programo When­
ever the ~ (divide) order 1e used, the quotient of the operation is left· 
in the B-regietero ~. is, ~8Ua1~ followed b.J ~ (shift e!er,thing in 
the B-regilter and 111, the .lC.,15 di,it positions to the lett), which places 
the Quotient in the AC. 

'The !P 1,0 ill rellater 1/2 interrupts the sequentia.l· perfontaM8 
of inet:ruotlona in the _iA program, aending control to 1,0. During,the 
pertol'llaDce of the II) 1'0 loreelater ;2, the next addre8~ 3. following· 
the .m order ln t.he ma1n J,rogr£m, Is placed 1n the A-reslster. The~, 160· 
order In 150 (next to be performed) takee this addre.s 3 trom the A-register 
aDd places it In the addreee section 01 theinetruction 16~, making it ~. 
Thue t upon ·completion of the 'l/~ COl 9 subroutine, control i. re~urned to 
3 i., the main' program y,ltb the ft1ue ot 1/2 co. ~ in the AC. 

Similarly rp 100 in 5 sende control to the ,1/2 ein~ ~broUtin.J 
and the cOilbined action of allO in 100 aDd' B .. __ in 110 returne ~ontrol 
to 6, with the value of 1/2~ 10 the AC. 

Iben appropriate eubrouti.. are available t a8 "88 supposed 1.i1 . 

thle example, the prOgr .... r 8a Job 18 greatly simplifiede Bi. attention 
1. confiDed primarily to'the main program in which he determines the proper 
us.. of the· subrout4.Qe •• 

A given .ubrout'iDe .'7 be ueed a •• aDt tilles al needed In a main 
program. Eacb tille, an S 1netruction in the main program to the h iil­
,tructloD beginilinr. the .ubroutlne ie all that is requlredo 
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Do CONDTrIONAL PROGl\AMf:~ING •. FJpW D·IAGIWi S 

The lubproQramming order'!D makes po.sible 98r.ati11\, 1n program­
mini by lDterrupt1Dg the eequent1al pertol'lllaDce ot instruction!. The' 
conditional prolram order a providel additional versatility bJ lettin, 
the computer decide wbetberor DOt t:O interrupt the ,lequnt1&1 pertonance 
of iutruotloDa. 

It the rauper 1.11 the AC "heDa .1m inlt:N~lon 18 belD, performed 
Is Delat 1.,. , tbe a operat.. exactly a. aD a. It the number In the AC 
Is poI!tive, the .1m ie lpored and the eequential performance' of 1netruc-­
tion8 il coDt1aued. 

Thue t 1\1.1 chooe.. bet"een two 00111".. 1n • program .ach time a 
~ 1Detruot1on ie glven. It il in thie •• DI., and oalr In thie lenee, 
that WIt .ate. deal.loal. 
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D.1. _ USE OF Of ORtER FOR DltrElilINIHG r~ 9-IS < 4,°' 

.Ae a. t,yp1cal oaaple of theu .. of the .sm.' ooDlidel' the PNcecliDi 
prolr. which compute .. t .. n e tor valuel of e 1 •• r than .,,/4 raaiaD' (4,0)0 
A.lUllle that ruG.. of elreater thaD 4,° are also· •. 0000tlal.. a.anab1e in 
r.llter 200 (in the .cale-factored: tOI'll . &/2) betore the operation ot the 

. proCK.. 'l'be fol1owiDI three iD.truot10DI iDHrted ahead of the u!n pro-
1l'Ul would ba .. e ·the tollo.larefrecto For 9 leI. than .,,/4' the pro,rall 
wouldooDt'nue with the evaluation of tan S. For ... 1u •• of $ equal to or 
,reate·rtbaD .. /4, oontrol would be ·"Dt to eou.ot.r prop'''. 

Ip.tl11.qtIoPI IUtct 
1. ca ftC"" (,r/4) x 1/2 .. -.-- .. /4 x 1/2 

2. .u 200 1/2 (.,,/4 - &) 

3. op !a~d!,,!.ot next ~ob) Go •• to neXt job o~ If ('Il/4 -s). , 
il _ptive, otberwt •• ooati •••. wlth 
taD 9 PI'OII'UI. . 

... 'the abbreviation RC .houl~ be na"-Addrees otRegi.ter Con'tG".m.nglf 

11th tb1. addition, the taD e PI'OII'8II could be repre.eDted OD • 
flow dla,r,&a .1. 

~_~~~L_~to aen 30b 

fe"olllfute • 
11/2 C08 e 
r -. __ J--.~~ 
I ~u:t.l !l2 .. !',lJ1_ 

Icompute aDa stOre 'I' 
,llg eiQ eo • taoS 
11/2 001 9----r.-
to Den job 

Each ti_ ar~.· aiarked .,.e- aDd "." lea. a box of a no. dia­,IUl, the u,.... of a S1 1D the PJ"O€n. i. indicated. 
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'fhe S order ued a1o!'-~ ct.ooa.a bet.en two .ltemati" OOUJ'Iea 
OD the beala of the ,aleA of the ... ber III the .~cwnulator. Tbe pNdoua 
uuple Glad the a to ate thle choice OD the "'aia of the aSp ot ~ 
d1tf.reraoe bet ..... twolllllbeN. '1'bu.I, the a,u .. d with other orden .. de­
the oboice 08 tile "ai. ot _lola of two DUben w.a -1aJ'Ier. . Wi tb other 
pl'OOeduee a.tna tM a it ie po •• lbl. to mate ... rio", ,.1eottou nob .a 
the larpet of • Nt of DUabel'l. With the • order oheoklDg 'the -ooateDte 
of a oouter It ie po •• ible to PI'O,l'8. \h. C701ioal repetitioD of • Nt 
of on.rl • predeten1Ded IIWIlber or tillea. 

,. followins exuple. oellOAltrate mob teohr.ique,. 

the a order IIQ' be uHd 1D • ftri"tv or' other • .,. to dt,tiDgUi,h 
bet.e. dltterut .ltuatiou or thiDaa which haft DU.Ilerloal val~e ... a1pee1 
to tbell. . Such thlDl. .a probl... of 1o,ie aDd varlou '.cOJIDmio gae • .., 
be developed b7 haviDa the S' d1et!Dp!1h betweeD the lip .'lOoiated with 
tru aDd tal'e ltateMat. &ad difteNilt ooaditlou. 
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Tbl1 Pl'OIraa fiDel. tbe laraalt of tbree .. bel", a, h, aDd 0 
aDd .tonl it ia 1"8,lltel'203. ' 

IUt.naOt.IAO Etl.ot It tbe larpat .. bel" ii' 
..L ...lL. ..L 

1. oa 200 a a 

2. au 201 Ca-b) Ca-b) 1-3 ,. op7 poe. De •• po •• or 
nes· 

40 ca 200 a 4-6 

s· t. 20, a 

6.\ ep9 I I 
I 

I -!.t 
'l- ea 201 i b 7-F. 

i 
8. te 203 

, 
b -J, 

rJa~~03ri!J s· au 202 (a-c) (b-c) (a-c) ~l() 
or(b-o) 

10. op 12 poe. po •• nei· ,eel DO 

11. .It> ~.~_j~b 11 [=~~i.xt J~~ 
12. ca 202 c 12~13 ~Store .!! 10 t-~ 
13· te 203 c . ~J)l-T'---

14· ep ~.~_j~b -1 
To next job .. 

all *The ab~re.l.tlon CR 
lbould be read "con-

200. a tente ot re€ieter ." - --
201. b 

202. c 

203· --- Containe ti. b't or c after instruction 14 
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!ht. program oould be extend.d to fted the larplt of 8117 DUllbe!' 
of ~ue. bJ the addition ot ... ri •• of OOIlparllOll ord.r. tor _oh addi­
tional ,ala.. Th. _08.1.17 repetlt~1l otlcleDtl061 ordere (with ditferent 
add:re.! .actloOI) In eaoh • PI'OIftAIl il avoid.d lr1 PI'OIram8 u.iq OOIUlter.-­
to be described. ill .eotion. D.6.-7. 

D. ,. ±...C..w - P dD VlECT QR cp OPERATIUNS 

Tbe DUII_r 0 I. NpI'8.eated in m al either + 0 or .1 - o. 
Rol'll&ll7 • 0 I •• progru retere to + o. Ho .... r,._ 0 i. the reeult 
of all additioa or a nbtraotioD order, the Nault Sa l.tt. lr1·th~ .OGQIIU-
1ator In tbe ton - O. '1'he.sm order ia actuated ·bJ - 0 a. bJ u;y otber 
De,.tl.e IIlIlber.'1'hi. polnt •• t be . co ne ide nd wheDeV.r the -s order ie 
u.ed 10 checking re1.tift upitude. ot IIlIIbere, •• la. the precediDI ex-
&llple, aDd .1n OOUIlte.... ue.d 10 esuple. to tollow. 

The ex.ptloll8 to 'hte rule .re that (+ 0) pIa. (+ 0) 1eay-­
(+ 0) ill the acouul.tor, aDd (+ 0) .i.8 C- C) aleo 1 ..... (+0) in 
the acOUllUl.ator. 

III tile pl'ecedinl aallple, It •• Dd ~ ...... ~1 lr. .81ue aDd J 
l.rger than •• the path tollow.d in the Pl'OlraIt would' be the ODe, lac:lioateci 
tOIP .~. Thi. i. be~u.e a - b would equal ..., O. which would aotuatethe a 
iDltruotloll In regi.ter 113. 
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Do6. COUN'1"F~; 0 1'0 A. AID -p to 0 

'~'~I oaa be Proll'Ual8d to count up to • given DUllber s- '1'he •• tfiO 
proaraa8 are called GOat.re. It Ie neoeeeal7 to .tore (0-1) in Nlletar 
#201 to .ake tbe 0701. be pertol'lll8d I ti •••• beoauee of -0. 

o !eO R coppyr Sa AC on k' th pel. §!Am: . 

1-

2. 

3· 

4· 

s· 
6. , 
, 

2CO. 

201. 

202. 

C6 ·200 

t. 202 

ao 202 

au 201 

cp :3 

ep next job 

(. 

(o-l)(x 2-15) 
k(2-1S), counter 

. J, 
r 1-2 

k 

k - (0-1) 

_--..JL..--r.------
add on. (1 x 2- ) to kJ 

I =r-------o I. k ae large ae D; 
i.e •• le_k > (n-l)' 

~--1~:-
to next, Job 

k s number of ti... the crcl.e hae been 
repeated 

Eeeenti~117 thle p~fra. count! from 0 to Do The following program 
counts from on to O. . 



-0 to Q 9pI1Rt,r in AC op k'th Olc)" 

1. 01200 -(Dol) 1-2 

2. t..201 ,. ao 201 -(B-1) + k , 

40 cp3 .,- utU k. n 

50 
• 

Ip DUt Job 4 

200. (0-1)(2-15) 
201. -(~1) + k (2-15), COWlt.r ---

The eeGODd or theee two oountere requiree two fe.e-r reslater. 
tbaD the tinto 'heretor. it .ould be u .. d 10 prefereoce to tbe ffretexo 
oept .beD it .., be d.eirab1. to keep track of the .-lu. of l epec!ttoal17. 

The.. pfOlraIIle can b. ·adapted to repeat a certain proceee .D tl .. e 
bJ bariq tbe counter 0701. i Dolud. the d.eired PI'04;"'o 
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to7o- 'CYCLICAL PROGRAM FOR FINDING LARGEST OF A sm OF NUW3~; 

CHANGING IN$TRDCTIGNS DURING OPERATION OF A cycLICAL Pf~aRAM 

Tbi! program "lee a counter in find· D8 the 1arselt or II numbere 
.tored in ""1 and .howe how Wf.I can ohange it. own tDetlUctione. The 
counter providea tor the repetitlo~of a aeries of comparieon orders until 
all .I IlUIlbere baye been obecked. The ~~aeral form of the pro@r8lll -7 be 
plaaned on a flow diagramo 

start 
J, 

'}ieeet counter' 

! . --
'Prepare to compare the let two .~berl , 

Firet time tbru elc1 •• 
compare the let two 
IlWDbere and 8tore tbe 
1.r8e~o On ncoesaive 
tria18, co.pare the 
largeet number yet 
encountered with the 
next unchecked number, 
and atore _t~e .!~r£er·o 

I 
.i .... 

(A~~-L~.nter. =:J 
I 

r~:r~Q!e!:!=!:ate.·.J 
have. j,been ~I0!,paredL 

no yee 
---- -. 

to next job 
• 

"fhie procedure 8Ulg.et~ 1t.eelf beoauee it Ie e!mi1ar to that fol~ 
lowed by a pereon eelectiDF tbe largeet of 8 eeriee of numbereo 

The ~o:rder it! introduced bel'ee. Both the !1t order and the .!2 
oroer are ueed to change the addrese section of an instruction eo that the 
eameorder may be ueeo to operate.on the contents of different r€gl~terF 
on different rune through the cycleo 

Tl~e pO.Jstb11ity of p.rogra.uli.D!~ 'fir-I to changt: ite own ine~'r'.~ctj":>K1<? 
le,8f: 1e thf: use of the~, one of 1tE :r~~t 1.1IIpcrt,e.nt r~'9,ttl:r~~~ 
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CJol1oal PlOll'UlFOl' . 

Piadlq LeIWe" oiJl "bel'. 

101 is m.'ona utes' 
*1. 01 2m 

*2. t.201 ,- ea204 Xl 
4- t. 202 Store 21 al tile lar,..t ... ber ret toad. ,. ea 203 Mdre.e .01 %2 
60 W8 TraDelea- ad'! ... ,. ot x2 into the ceorder iftN,o S 

'I. t,dU - • - • - n - - •• 11 
8. Cl:. ___ 

} '). ft 202 

100 cp 1, Collpal'1eoD orden 

u. :~- } 12. 
Store ne.l1 found IIlaxl .. 

13· 80 8 } 140 80 11 
Pl'8pan to OOIlpare Dext .. bel' 

*'15. ao 201 Increaeeoounter bf 1 

*16. cp e Have all D numbere ben checked 

*1' • 
next Job. 

• p - --• 

. 1lm 
*200. (n-2) x 2-15 

*2Cl. couter - --
2020 x maX. -.- - Storage tor 1argeet DUIlb8r )"8t eDCOUfttered 

2030 1'1 205 

2040 ~ ~ 205" x~ 

AddreeE' of x2
0 Tbe binal'J coded ron ot the order 

rl 1e OCooO. . . 

\ 
203 + no xn j 
·Relleter. a.ed tor the oounter 10 thle proln •• 

InetzuctioDe. I, 2, 15. 16,. andl? aN th. lame •• the in.tnlction8 
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@t the -n to 0 counter Pl'OlnII liven ear11ero The CO\lDyr reeet in.traction. 
wet be,peli'Ol'lled outeide the _in ",ole, while the 80, cp, .~ ep wtruotioo. 
BlUet be pertol'Md within the aaiD 01018 it the7 are to oont.l'Ol t.he IIUlber 01 
time8 the •• ~ 01~le 11 'performed-

.Dever a counter Ie uaed It Ie 1aportaot to coos IdeI' the e .. at 
JIlIIt.r ot ti.. the controned CJcle ie to be performed. To 0(»1IP8re ~ DUIlbere 
a. in thl. pl'OlftIIl. the oollparilon .It be pertoned <»-1) tiMl. Thil requires 
tbat the OOWlter here be "'Iet to 60(0-2). If the COWlter loetnaotlou within 
tbe ... 10 OJole jaad preceded. inetead 01 tollow" ,_ the, comparllon inet.ruotioDl. 
tbe OOtIDter ,woIld have beell ... ,et to "(rl) tor ~1) pertoNaDGee of tbe 00II­
parl~oD lnetructlonee 
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D.e •. W" DIAGRieM lQR ARRANGING A SET OF DIERS_IN ORDER Of MAONTtUPE 

"l~. preceding pl'Osram 1187 be ext_Dded to rearrange a eet OJ J! 
DUlINI" in delceDdi.., ord.:r,. One w81 or doing thie ie to lind the larpet 
DUIlber in the •• t aDd ~·ob.IlI •. .1 t with the t:lret auber in the .et. lext fiad 
the 1arre.t of the .. t of n-l reubling number. and exchaDge it .1tll the 
tirst DUllber in the DeW .et. Continue ·tho procel8 until all nuMben have 
been a~aDl.d. 

A Proll'U fo110.iaa e~oh a procedure would con.iet ot two _in 
0701 •• , one withili AIlOtber. The b'Der 0101. would be the _ •• the .. tn 
c,role of the previcua proal'S. for fiDding the large.t nuaber in • ,et. The 
outer c)'ole would in addition anange tor the intercbange or number.1 and the 
elillination of awr.bere alread)' arraDied iD order of _€n1tude froll the nut 
.et to be checked. . 

~ 
A flow diagram tor thie proceee .a7 look •• follo ••• 

START 

I . Prepan.tion tor prognJr for 
_~~~c!_~~_C large,t of a let of ~bere--!... __ _ 

r-,., -------3 . 
! r- PJ'Oi.r~1I tor fiDding largeet' ---J 

I ! L.-. of. ut 'f ~ .... ". -
1 I iHii".. all _bare in eet been Ilhec-ke-d ~-----~ 
I J . nol 1 yet! -

I I Interchange the Llrgeet DUIlher with --, 
the fir.t number in the .eto ~ -"' - J; ,----.-.-. 

I Reduce eet b7 1 muaber b7 ellmiaatlog ---, 

: 

the previouely found largelt Ddlltber. - I 

Have aU _&Ir.L"~.n aI'l'aDCetfTn orau 0 
L _gnitude, 10 8 0 , be_ 0-1 •• te been checked 

Lno 1 . 178' 
to .at Job 
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The lnterchaDging proceel requires SA and ~ aDd 11 orc1eree 
"rhe • takee the inetnactJoD whlcb contains the addreee ot tl.e regieter of 
the lars. at number, the ~ tranalere thte addreee to a 11 _ _ _ inetruct~oD. 
Tbi. sa toll0.. a ca BC Mirat _beE in the ,at). Thus the firat DUIlbar iD 
the aet ie tranaterred to the reaieter that ori,inal17 contained the large It 
number in the leto 51.11ar17 the ~.rg.at nCII\ber ie trenaferred to the reginer 
wbleb originally oont6ined the tir.t DUmber. 

The fo11owing eet! of iDetrQotionl added to tbe previous pro­
grail would provide tor thie 1 nterchange. 

Fint I1W1lOer to orl@laal Lars.at DUltber to original 
mtlter of lara!!. awaber 1U.l!"'[ gl. tiret nwaa£ 

Do ca RO a.ddress of la.rgest r· n e ca3 
number 

n + 1. tdn+3 0' ... 1. td n l + 3 

n ... 2. Cf. ~04 ' ,,' ... 20 ca 202 

n + ,. te .,. ___ n l ... 3- t. ----
'1'0 elillinat e tbe firet number from woeeeeiYe eat! atter the in-­

terchange, it ie necefsfiJ")' to giVE lin A2 order t,o l.nstruction 3, and to 203. whie~ 

eet up the firet I'8gieter of the new eet to be eb~"·:kedc 

The addition of ODe extra counter will check to eee it &11 n ~ 1 
eete ha~ been obecke~o 
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RElATIVE rIlGBM§ 

It. ie tnqueDt17 •••• 117 01' ooDveD1eat to '01" ".1'1.1 
probl .. , '" it.rat.I •• Iletbodl--tbatl., bJ .et.bod •• btob .at. n .. e,l .. 
trJal attalPt' at a 101u~ioD gatll a •• tl,tlotor,J ,0lDtloD 1. reaohed­
''f.I'. rapid opel'ltloo _k... nob .. thou pnotloa1. 

i.1. 10 lIMp '-XU LIQABLJ I!!QB"§IIG sper-gam TBIt!', 

A .!llp1. Iterat.t •• pro,nm for tIDd!.., the Iqure root of • po.l­
tt •• AUllber x le,' t.haD 1 i. 11wD hen- Beoau.e Q.O '.t' 'Jr 1 ttl 'ra tht •• pro­
oedUN NQuire. • ... ral thou.and trlala to tlDd the .quareroot ~htoh Gaa 
be e.luted reldtq lD other ."" It I. of 11~tl. praotl.l !.portoee, 
but. .ene. ae aD fl1uetratloD of what caD be_ do_ 'b7 lteratl" .. t.WI. 
Let :!I'indicate luoe.e.I •• trial ~ue. of Vi: 

Ipitnaqt10PI 

1- C6 202 

.. t.2oo Ito 

,. 10 200 

4- mr 200 

,. .u ,201 

6. cp3 

7. Ip Den job, 
t 

~ 

X,, 

x'a - x aeg.ti.e until x' beCOin •• 
larger than x 

200. DriG' 1nitial1y 0, finally Vi" to within 2"'15 

~01G X 

202. 0 

The ao apg increa.e. Vii b.f 2-1~ on each eucce •• iv. C7c1. untl1 
x' Juet exceeci. x~ Tbe tfret.alue of v;e: tried 18 2-15• aDd x' here 1e 

2,.3( t wbich would appear as + 010 t~.e 8ccul!'Ulator. In fact, x· would 

app,eer ae + 0 In the accumulator 'until rxr • 2-705 was tried, gi.ing 
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XU • 2-15• 'rhu., it the above pro grail were ueed, 2-7.', instead of 0, 
would ,be .tored in register ,202 in order to con •• rve computer time. 

"lole program 11181 be u •• d tor _luee R,t x greater than 1 b7 leale 
taotor1Dl x, bJ 2-D• This would leave X(2)-D/iIC 1n I'8,ister 1200. 

If '2 -lS .ere. ellaller thu the aocu.ra07 required tor a partioalar 
proble., the .9 200 could be replaced 1>7 ,the three orders 9' '2ot .•• d RC- , 
Cdulnd Ipgpraqx). and ,. 200. Alternat1ve.a.y. an ~ and a ts 200 
following the GO 200 would give ~ difference of 2-'~x 2 between successive 
va.lues of rxr. 

With lteratlveprograme it ie tmportant to consider the amount 
of computer operat1Dg t ll1e required to execute the program- AD avera ... 

opiratlng tim. of 1e -4 .econde should be allowed 'for the execution of e.ch 
instruotion- This is eQuivalent to the performance of lO.COO inetructione 
per .econd-

Th. Vx program ,1veD- her. would reQuire up to about 12 .. eoond .. 
, lS 

for value. of x _.1' 10 'rhi, eltt.ate i. ..de OD the balsie of about 2 
or. about 32,COO ,lterat!oDs ot the 4 iaatruotioDe IJ ,-6e rf betweu 1UC-

ce.e!ve triale step. lar,er tba~ 2-1S were uaed p this tille would be out down 
proportionall)" at the expen.e of aocursOJa 

The next proalalt tor finding the Vxby Newton II e iterative _tho(} 
converge. OD the 101utioo vel'7 rapld170 On the other hand it require .. 
about tw1ce as muoh etor.ge epace- In many probleme where alternative 
methods ot solutioD are available the choice will depend largely on opera-
ting tille vereue storage Ipaoe~ . 

Theee "rogr& •• of iterative processee are given. ae exaanplee of the 

,eneral procedure ueed with such proce.~eE. "'0. addition of (n-2) in.true-
,n 

tione of the form If Be VJr to the pro&r6L! just given would give a' program 
to find the nth ~t of xo .Similarly, NewtQno. method, ueee to find a square 
root in the follOwing proeram, may be' developed to find 6 root of aD7 nth 
degree f(x) 0 
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Newton9s metboc for findins a root of an equation rex) = 0 ueee 
the tonula; 

t(xn) 
xa+l 2.

xn - 4t'fxn> 

where xft Ie the oth approximation to the roo~t Bnd t'(xn) ie the elope or 
the curve at x. Succe.eive valuee of x are found at the intersection of 

D D 
the .lope fO (xn) with the x axie. ' 

, 

----~~~~-----~ 
x 

The eketcb indicate. that succeeeive approximation. conver,e 
rapidly on the value of the rooto Therefore a higb degree of acouracy can 
be obtained with a few iterations. 

"f () 2 To find the equare root I' e QWllber .I let f x • x -. =- 00 The 
formula tor eucee •• ive approximatione to the politive root or·thi. equation 
becomee. 

X-..Ll = x + 1/2 (~ .., x ). 
UT D n n 

Thie program aeewae8 that 2-14 < a < 1 -= 2""'14(1 Starting with an 

initial xl = 1 - 2-15• It rind, ~ccee.lve valuel of x lIatl1 IX ~ x~ll ~2~14Q 
D III liT I 

The uet value fOWld for ltn will. be aD approximation to ,{ii, 8ccur~t. to within 
2-140 

Thus the program muet have .tored in~tial11 three velaea--the 

number I, the ffret appl'Oxi!ft8tlon Xl = 1 - 2-15, and th. d •• ired aceura,CY 
2'""14

0 There should be reeened a register to cont.ain :l. Another regi"ter , D 
1e neceesa17 to contain the partial Nault 1/2(. .... X ) 

· xn n • 
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Jpatmctiop . 

10 ca 201 

2. tl203 

3· ca 200 

4- dv 203 

5· 11 15 

6. ft 203 

'I. Ir 1 

8. t. 204 

~. ad 203 

10. tl203 

110 oa204 

12. ft 202 

~WTON' S MEl'lI?D FOR FINDIIG t(f' 

Ett·ct 

a 

a/an' In B.-regider 

a/xn in AC 

a/xn - xn 

1/2(a/xn - :In) • xn+l .. xn 

Xn+l 

·13· cp next 30b 

Pa,. 4"/ 

14· ap3 
• Return tor oalCtllatloll ot Dut xn 

J2Ik 
200. 

2010 

2020 

203· 

204· 

a 

x • 1 - 2-
1
' 1 

2-14 

--_t 
--_t 

Ueed for xn t t!nal17 f. 
Uled tor 1/2(Ax - x ) 

D n 
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Fo GENERAt N~TURE OF PijQGRAMS JOR SOLVING SIMULATANEOUS 

EQUATIONS AND FOR INTEGRATION AND DIFFERENIIATION 

lole SlMPLATANEQUS ALGEBRAIC EQUATIONS 

Page 48 

Simultaneous algebraic equatione ma7 be eolved on WWI by a variety 
of methodso The inveet1,atlon of such •• thOd, ie ~ p~b1em in DUmerical 
ana17e1e. aDd DO attempt w1ll be lllade here ~ consider tbem slnoe the1 
repre.ent ee881ltlall1' • mathematical aoa17~ie problem rather than a pro,raa= 
miDi problem. Onoe aD appropriate _tbo~/ le selected for a problem" the . 
programming oon8i.tl of aoa1e feotorins to avold overflow aDd expreesing 
the proce.. by a aequenC8 ot inetructlODSe Ho.e.er, the choice or method 
muet take Into conalder~tlon such tb1Die ~. whether the method w11l al"7-
con.ersa on the 101utloD9 the accumulation of round-ott error, requ1red 
atoh,. epace, and operat1ag t1ale. 

Sillp17 to wlleat the Datura ot the problem, consider tbe .e iii 
of e1Jaul taneous liMar equation. a 

a1x + b11 = 01 

Several method. of er"'lution IUllelt them.elveth A direct sub­
etitution method would be to solve the first equation for 1 = rex, a

1
, b

1
• c

1
)0 

Substitute thle expression tor '7 1n the second equation aDd solve 1t for 
'x s f(819 blt °1, 82, b2, °2)- Find a similar expression for 7- Then 
the program would consist eimpll or the direct evaluation of these expres= 
eioD. tor x aDd y in terms of a, b, c. This method reeolves itself into 
the lame process 8 s the evaluation of x aDd '7 by the method or determinants 
or e.en b.1 more general matrix manipulation methods- In SOMe p~blem8 these 
latter methode may be ap~ropriate for ~. 

A lese direct method of .olution 1e the iterative one using the 
relationa; 

c1 aD bl1~ 
8 1 

c2 .. a,;c~ 

b~ 

where the a 1bscript 1 refers to the ith successive trial for the solutioD 
of x and 10 Initial trial .. lues Xl and 71 are assigned to Xl. and 71, 
from which a18 found x~e 72' x~ooo x p 1 aucceeeive170 The iterative 

. « ~ n n . 
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procedure Ie 'topped .heD both ot the differencel IXi~l to XiI and 

t 71+1 - 71 i become lele thu'the maxillum allowable errore e" ThIs mq 

be done b7 applJinl the S to IXI+1 .. xi1 -at aDd to )1'1+1 .. I'll - •• 
ST 

Treaater iDitial trtal value. ot 
x • 1'1 to N,l.ter. tor x , 7 • 

., 
78s no .------

ep to D8~ Job 

Iteratift .. thod. for eolv1ng .1mu.~tan.ou. equations require 
loopr oollpUter operatlnl tilDeS) but M7 be ... :ler to .etup uc1 proaru. 
aDd 1D .OM ca ••• provide the 0017 pl'6.ct1oal Man. tor 101v1111 181'p trp--­
tea. without undue round-ott error. 
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F 02. ..Itn'EGRATION 

Integration ud differentiation ma7 both be apI;roxhIated ill HI 
b, replaolaa theee oontiouoU8 processes 'b7 discrete discontinuoue 
ous numerical procedures--the only klDd that pure17digltal devices CBD 
baDdle. 

Integration ~ be ap!l'Oxiuted in m '" various proceeses of 
IWDIIatlon. For instance. the area of the !lpre below could be approxl_ted 
'b7 the stuadarcl liethods or nmmiag _ft"O" rectanplar el •• enta of the area, 
b, the trapeloidal rule. or 'b7 SimpeoD e s parabolic rale. The •• _thode . 
tor aprroximattng integration lowl ... a .e~i.e of etepe, ea. of which 11&7 
be handled b7 til; i •••• the evaluatiOD of t(x). IIIUltIplloatioD to tlad· 
tbe area or a tinite strip. aDd addition tor the .... tloD ot theea ele­
lIente. 

_ .................. ..r., 4--r.-..I .................... ~ __ '._ .......... ~. " 

C AI' J) 

The diagraa indicatee the approxlllatioll made ~ 8WIID1Dg Darrow . D 
reotaDplar stripe. Here the area bet.een C and D Is ~ t(,) AXe The 

D C 
dittel'8_ betweea thie aDd the actual area f c t(x) ds !a repree8lltecl 

bJ the area or the sllaU eepenta betwe6ft the top of the reotaqle, aDd the 
ourve ot tbt). Thie error, called tnapoat1on JmJ:, Ie inherent in all 
dl,orete methode ·tor approxi~at1ng contInuous procell.e. The trDDoat~on 
error IIf11 be reduced b7 reduciq the dlsorete interval A x or bf UI1ae 
IlOre .ocurate approximation tol'lllUlae. 'l'he tOl'll8r uauall7 inore..... 00Il­
putiDg time aDd round-ott errore J the latter requ.iree more etorapaDd i8 
harder to program. 

C7clioal progr... .eell moet natural tor evaluating inte,rall 
011 III. The now diaaram .howe the general procedure tor a pl'O,raIl to 
tind the area under a curve t(x) bet ••• n the limits x = C to Ij. Let the 
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totalaccwnulated area be rep,resented by.2AAi t where AAi is the incremental 

elements ot area taken at the value of x equal to xi-

Start 

ep to next job 

The reault 1 A Ai -ill be left, in the register u.ed to contain 

~AA1' C, 

More complicated integrations wUl" call tor programs ot this 
leneral form- , . 
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F030 DIFFERENTIATION 

Differential equations, like integration, describe oontiDUous 
processes which must be transformed to forms which can be treated b,J discrete 
processes o Among these are difference equations, extrapolation tonW.ae, 
and power eeries expaneion8o The selection of appropriate aethode i8 more 
a matter of matheaatical anal.yeie than of progr8llllDing, aDd agaln oDlJ a 

'relativelf eimple but important example will be given in the next eeotlon-

Simultaneoue differential equatioDS are handled br firet traDe· 
torming thea to .• 1multaDeo~e algebraic aquatioae-

A program to eolve a eet of eimultsneoue differential equations 
b.J the uee of linear extrapolation formulae is giveD in the next section. 
In general. extrapolation formulae car17 aD approximation to a curve along 
ehort eepente of linee parallel to the curve which 18 baiDS approx1alatede. 

Consider that the first derivative (~) at a point on the 

curve of a given fUnction f(x)-- defined b.J differential equatione--
ie the value of the elope of the tangent to the curve at that point. The 
elope at thie point m&7 a1eo be expressed as the ratio of finite incre-

Hnte <t;->ill Theee finite increments are used to replace the differen­
.ttals in the differential equationso 

y 
e}C to, .1 P oJ I " t ~ J C .N~ ve, 

~--..----

I I 

, 
,--,.,~~ __ ... f _+-:-i .-o:-rlt ....... l __ ._._._. ____ .... _~~ 

"1 4" ~..\. 'XA.<f1 

(~)1· elope toundb,y evaluatinc 
, derivative of f(x) 

; t:::. x '2 constant 
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Co ~IMULATIOH AND DISPLAY 

Gill. SOLUTION OF DIFFERENTIAL EQUATIONS DESCRIBING IIlTION 

AND OSCILIDSCOPE DISPLAY OF THE PATH 

Page 53 

This example of the handling ot a eet of differential equations 
will aleo be used to illuetrate simulation of a p~sical process b7 Wf.l. 
Use of the output display orders for controlling an oscilloscope will be 
introduced. 

The differential equatione ot -a projectile, or any moving body 
in space, acted on by the force of gravity only are: 

..6..-- ... ' g (acceleration of gran ty ) 
d12 

~dx. ~ v (constant horizontal velocity component dt x 

Linear extrapolation formulae ueed to find successive points 
<Xi' 11) of the path of motion at times ti are: 

Xi"'} ~ x, + v X l\ t -= ]t posit-len component 

'1+1 :: 11 + (~Y)1+1 A t !:i5O Y poeition cmrponent 

("y)1.+1 ~ ("',),. - gat:: vertical velocity cQmponent 

1he program eolve! theea equatlone for x i ... 1 ' li+1 anrl display! 

the correeponding pointr on aD oscilloecopeo It further dlsplaYf! a bori~ 
zontal .xi.!! at '1 ~ 0 and arrangee to have the path 'Ot motion 'repreeent t.hat 
of a body bouoelng OD the horizontal axis. The coeffieient of r:a!t1tutlon 

IV" (...... be . 
n ill!> .t.:>qualv

• ·to - ~_Y..L! a ..... eI' \liQce; .... 1.. ~ .;! t d. 41 h n ... ". ( ) ( ).L lie Jm ;r.1S US4".! 0 e".:MI ... ne fi, en. .vy b before bounce 

the value. of J 1 become,. negat:h,e o 'l'tum thp ~!'nFpondl ng ao'Wn-.rard v~lue 

of (v )b ,. ~!t~rl i"a by it to get. (" J "hleb wJill be direct<e~ 1J,l :,)fllftr.-d 
Y , Y a 

elnc~ R if negative o A sketch of tb? dleplay tollo~e th~ prof-ramo 
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1. ea 2m 
2. ta 201 
30 oa 208 
4· te 202 
5· ca 209 
6. te 203 
7. oa 201 
8. ad 210 

9- Qh 201 

10. CB .(12 
11. Qd 212 

12. C8 202 
13· op 17 
14· ca 203 

15· mr 204 
16. te 203 
17. ca 203 
18. su 205 

19· te 2C3 
2('. mr 206 

21· ad 2C~ 

:22. qd 20~ 

2.3- em 201 

24· au 211 

25· cpS 

26. ep 1 

201. _ .~1_ 

202. )'i 

~03o 
(V-)i _X 

.204- R 
20541 g(~t 

206. L\t 
.207 .. :Xl i 

.'20~·. Y1 " ! 

2C'? (vY)lj 
2100 v At x 
:21 to xUL 
212. + 0 

BQUNCING BAr,T. DISPYI 

71 

(v
7

)1 

xi 
xi -+-1 ~ xi .. vx~t 
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Set horizontal deflection of oscilloscope t~ x1+1' 
transfer x1+1 to regia.ter #201. 

+ 0 
Set y detlection to + OJ display point (xi +l ' ... 0) to. 
torm a point on the horizontal axi •• 
7 i} Determine if last point calculated lie. above or 

below x axie and proceed accordingly 
(V;y)b 
R(v' )b ~ (v) : new (vv). directed upward 

y y a ItT ~ 

(vy )., 

(V;y)1+1 =: Vy1 c> gAt 

(V1)i+1~t 
'1i +1 = Yi + (Vy)1+1~t 
Uiepla, point of path at (xi +1• 11+1) 

IXii 
lXii - XUL 
It Ix" 11 < XyjL' return to calculate next point on path 
Return to repeat d1anl.y 

I ' , I 
",i _.~ ~l ~.L 

( y'b < 

Initial condition! 

Upptr L1.m1t of xi tgreater th8)~ xl in magnitude) 

y value of horizontal axis 
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Of course actual numerical values for the stored constants must 
be ueed in th. tlnal program given to "WIe These valuee would be ecale­
factored arid proportional to thos. of the linlated process. 

A program 80ch as thle could includ. formulae for modifying'the 
inltla1 conditione of poeitlon and velocity 80 .1 to control the actual 
path of motion durine operation of the program. For inltance a relationship 
between the f!na1 conditione at XUt and the inltl.1 conditloae could be pro-
grammed, which would eerv. to adJuet the Initial conditione to •• et certain 
d •• ired tiaa1 conditions at XUL 0 Further, It would be poelibl. to have the 
program provide for the variation of XUL wi~h externall7 introdUced datao 
In this way the program could be ooneidered to both 'imulate and coptrol 
a p~elcal proceel. 

At aD1' rate, the parabola, diepla7ed ., ncceesive point' on the 
toscil10scope screen represent eo1utlone of the original differential equatione 
for different sets of initial conditione-

./.~ 

INITIA" C""",r/(/II'.~ I 

~J. y£ tv'f)1 

Resulte of proframe ma7 be dieplayed in a variety of other waye­
At pre,ent results may be typed on a typewrlter or punched on paper tape. 
Theee latter two forms of output require epecial conversion subroutinee 
which are available-
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H. USE or STORED TABLES 

H 0 1_ GlNERAL PROCEDURE 

The general procedure for looking up a value etored In tabular 
form in ViWI ltor..,e 18 given here- Consider that a stored table of value. 
conelate of A value. whloh are functions ot x, x ranging tro.·l to n. Tbe 
program begine at a point where a value of x equal to Xi ie alread7 in the 
acCWDUl.ator. The 1.lt o .. 1ier leavee the correepoDding tunctlono t(xi ), In 

the aoCUllUlator- The value. of Xi are eeal. tactored to Xi x 2-15• 

Instructione , . 
• 

_ ...... 

15· ad 215 

160 td 17 

17. ca 

Wect 

Zt, + 21' 

~ , 

215· ri 215 

216. t(xisl) 

217. f(xi =2) 

218-:; ::'1=.3) 

Notice in addition to the table of values that It 1e necessary 
to etore aleo an address to indicate the beginni~ of the tab1eo 

Hormall¥ it requiree leee I.torage epace to evaluate an aDalJt1.o 
tunctlontbaD it does to store a table of it. Y&lues unle •• onlJ a f.w 
value. are needed. On tbe other band, the use of tables may save coneic .. ,!"= 
able operating tae, which may be neede~ in certain control application •• 
A method for interp01atinf between values in a stored table of analytic 
functloDl i. liven In the next section. 

Tables must be ueed for looking up DOne analytlc functions of x, 
i.e-, .value. or word. which are identified by the value of x but which cannot 

'be evaluated from x in an equation. For example, such tablee are used for 
coDverelon programs to ,et. from one coding s7.tem to another- It Ie with 
the use ot such a table that l'.liI converts decimal and biDa17 charactere to 
binary when a program 1. read into storage. Tbe ... e conversion table. 
are u.ed to convert reeults back to decimal aDd alphabetical charactere 
when reeulte are being read out of the computere Such tables are aleo 
needed In a~ applications involving accountinr, st&tietlcal analyele, 
correlation ot data i etco 



Report R-l96 Page 57 

H.2. LINEAR IN}ERPOLATION 

The foraula for finding an unknown fUnotion of x, r(x), which­
liee bet.een two known functions' of x, f(x i ) and f(Xi+l ), bl linear 10-

terpolatlQft 1.1 

where 

f(x) s f(xt ) + • ~(XI+1) - f(Xt >] 
x - x 

m s -
i 

-s 
, x i +1 - Xi 

is 

the fraction or the interval L~x1 that ie covered by the interval (x-xi)· 

ill- . 

In the profram given here ue1.ng thie interpolation formula, values 

of x~ are considered to be poeitive 1.ntegerEo The value of x ::: Xi 4- m.Ax
i 

for which f(x) Ie to be obtained by interoolation is re~resent~A in p r@p= 
-6 6 ieter ae x x 2 • Up to 2 or 64 values of x1 may be handlec in this mannaro 

For the particular value of x three-quarters of the way between 
-6 -6 

;x 1 = 3 x 2 and X
1
+

j 
-= .4 x 2 ,;:x wotJlrl t;prear in th~ '.I\~ fl!! ~ 

~ '': ~ ...... , .... 0 1 . .J A t. 

"'here~1 ~ 2-
6• "ith th1 E reT reEenttitiotl of x 1.0 thf' Ar., th~ 1 n~tmction 

~~ (shift everythini~ in the AC anc B-r.erieter 'j (; lett roeiti.oDtt to 

the right .'it.bout roundoff) would leave lfl 1t 2-1~ in the A£. ano 
... 1'~. . "-l~ 

m lC;; ... i.n '.he B-hegietero Tt,en )['i x ,2 '" ID&, be usee to find t(x!) and 
.n.C I B--Re ieter 

rGLT6-[Ir.\cllI1J]1Q· C (JQ 0 1 l~ 1 iI~. !)_ ~ S.~r6ro OIC[(@[9T6TOi 
mAl<1 x ~-l 



!leport R-l96 Page 58 

f(XI .. 1), a. wal dOGe 111 aection H.'-- 'he ~ instruction (shift evel'7-

thiDa lett 15 disit poeitlone) would then pu't the fraction. in the AC. 

Thue the three values f(xi )., t(xi +1). and Il, required to tind t(x) trom 

the extrapolation tonsula. are all _de .vaUabl •• 
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~1near Interpolation in a Table of D Valuee (n~64) 

Prepare 
to find 

f(Xi >· 
t(x1+1), a. 

f"1nd f(x) 

b7 interpo-

1atton 
formula 

Tp.tmgtlop 

1. oa 200 
2. ar*9 
3. ad 203 

4· td 11 
5· tet 13 
6. ad 200 

7. td 10 
S. a1 l' 
9· t.202 

10. ----
11. eu __ '_ 

12. mr 202 
13· ad ___ 

14· t. 202 

15· ep next job 

bit 
200. ri 1 
201. x 
202. 

203· r1204 
204· t(xl (x 2-15) :II 

205· £(x1 • 1) 
206. ' £(x1 s 2) , 

204+n. r(x1 = 11) 

Khot 

x 
:l1(X 2-1') in ~C". ,x 2-15 in B-Register 
addre •• of teXt) 

addrae. of £(Xi +l ) 
Il tn AC 

value of x for which f(x) i8 deeireO 
recei.e. _, then rex) 

addree, of begianing of table 

tabulated lunetiou 
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88lj1 

Attaolled I A-36229 1a 
'-36230 6a 
'''35676 Sa 

. 1-36237 1-4a. 
'-36234 15a 
A-36232 lSb 
1.-36233 150 
1-36231 1,d 

. 
, I 

Short Guide to CodiDa , vii1 
neVi.tolll in the ~'b1rl.lDd I Qrdel".Cocle . _A lx 

Pa.e 60 
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A. BXIAR! HUIBIRS II WIt ••••••••••••••••••••••••••••• A t 

B. DECIMAL-TO-BIHlRY OOIY.ERSION •••••••••••••••••••••• A 1v 

c. SHIFTING BIIAR! IDIBERS IN III •••••••••••••••••••• A vi 

D. PB)GBAIIrIRG IN ocrAL (BASE 8) ~IUI •••••••••••••••• A vii 

E. ORDER OODE········.··.··.·· .••••.••.•.•.•.•••.•••• A viii 
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A. BINAhI- NtlMBEf§ IN m 

The deciRl 87et •• or DWDbere II ba •• d OD the u •• of 10 'epa­

rate d1s1te tor ooUDtiq. Thel. are the integer! 0 throup 9. Corree­

poDd!Dg17. the b1D817 17.t .. or mDlberi 1. ba.ed OD t.be u .. of 2 dil1t •• 

o aDd 1. 

The ... ber 5097.23 In the decimal ')'It- IIA7 be repre.ented in 

more up11clttol'll. "'171 

5(103) + 0(102) ~ 9(101) + ?(100) + 2(10-1) + 3(10=2) 

The two fOrlll are identical except that each pow.r of ten ,iven in the latter 

torm ie implied In the tiret tOl'll b7 tbe ouber of place. to the left or 

ri,ht of tbe dec1u1 point of It. coettlciellt. V •• of the •• cood ton of 

the DWlber Ie hardl7 nece •• "J7 in the decilaal 1IJ'8te.. but it Ie helpful 1D 

explalatna the blDar1 'J.tell. or aD7 other DUltber 8)'ltelDe 

ne folIo. ins ie an uampl. of • biDl.I7 DUIlberl 

1110.101 

It &110 .., be repreHnted in a correepoDd1aa explicit tont, ulq powers 

ot 2 lnetead ot 10, aDd 2 po.eib1e ooettioleote in.tead ot 10, tbDe, 

1(23) + 1(22) + 1(21) +. 0(2°) ~ 1(2-1) +,0(2-2) 4 1(2-'). 

!hi. Ie equivalent to, 

l(e) + 1(4) + 1(2) + 0(1) ~ 1(1/2) + ~(l/A) + 1(1/8). 

Addiq theee ractor! topt_r ,,1... 14.625 a. the dec1u1 "pre.entation 

of the orlg1Dal blDa17 DUIlber, 1110.101. 

B1nal'7 awnbere in "II regieter. are .ither po.iti .. iotecen 

in the ca •• ot a&tre •••• ill iaetructlonl, or l •• s than on. ill _pltud. 
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in the case of DWD9ri(Jal values to be need in calculations0 In ether 

~@rde, the binary pfJint Is considered to be at: (1) the e~~~mo right 

of the 11 digit po~itlone available f@r addresses; (2) the extreme left 

of the 15 digits a.vailabl. tor magn'.tudee or words representing nwnbereG 

Thus, q! in the example of tho ID@re explicit form of represent­

ing binar,y num~/rsf when the digit poeitioD8 fer an address contain a 

1 they repreeeilt the values indicated: 

Rango of addressee held in one register 
o to 2047 in steps of 1 

Scale facto~ing permits the representation of a practically 

unlimited raDlo of numbere~ 

The address 149 can be represented &s: 

27 + 2~ + 22 + 2° (:ti 128 + 16 + 4 ... 1 = 149) 

In blna%'1 rorm this is 10010101e 

In a reg~teter the address 149 would be: 

order Seer 101V 
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Example of DUmberl 

'l'hct rmmber + Cl375 can be represented a81 

2=2 + 2o~3 ('!S ,,250 ..... 125 = 0375) 

This 1e repreeented in a register a81 

·~Oj~fi~9~CiCICICI(:QiOlcjricl~ 

A 11i 

The negative I1U1lber ...:: ,375 18 :represented bJ obangilll all the 

o ~ e te 1 i e and 1- e t;:, ir E of its poeiti'Y8 representation: 

{tIll O} Oll}l! Ill} 111 J 1111111111 J; 

Be.~l1eer/t t,hie .eon·"Il~ion) the DUlDber \) ~ll be repreeented as 

+ 0 with 16 O"e ·¢r as -() with 16 1.' s~ 



A tv 

B. DECnw, TO BINARY CQNYER§JON 

The preceeding examples of· aD addresa and a DWllber in a register 

indicate a method tor d8cimal to biul7 oonftrsiono The address 14S 

wae conwl1;ed to bina17 rol'll b7 fint findina the lar .. st power of 2 (2') 

which would tit into 149; next wae tOUDd the larl8at power of -2 (t-) whiob 

would tit into 21, the difterence between 149 aDd 27 , .tc. It •• e ahown 

that the lUll ot theee power! or 2 equaled the oriSiDal number to be con'" 

verted- Given theee powers of 2, the biDa17 number '.aa written out by 

placiDa lVe in the correeponding binaJ7 d11ft position to the left of the 

b1Da1'1 point. 

!be IIUIlber 0375 was corwerted bJ the a .. e proceseo Since 0375 

is leel! tbaD 1, oDly Dept!va powers of2 tit 1nto it, aDd these are rep" 

resented to the risht ot the b!na17 point& 

A mechanised technique tor handlins this con.,.relon tor iotepr 

numbera ie a 

2 I±iS 2 le0101Ol. 
) 

2 l7! 1 

2 III 0 

2 M. 1 

2 l! 0 

2 ti 1 

2 l! 0 

2 l!. 0 

tE- l 



Av 

. Coneideriag the bWI7 point to be abo •• the fir8t re_indere the reault 

1e 10010101 • 149. In thi8 procesl the operator di.ide8 2 into 149, put. 

the !I1tepr reealt below, ead the l'8Ilainder a. 1 to the right or 74· 

lext he divide. 2 lDto 74. put. the int.eer renlt below aDd· .lnoe there 

11 DO reaalDder put. d to the ri@ht of 'YI. !he procell il CODtiJmed until 

the lan quotient 18 a O. 

The .aIIe thing 18 ,done with traotione, except that the ·dec18al 

rnunberaDd it. reaiDder are dirided b7 1/2 (Jm1tlplied bJ 2) each tille, 

aJld • 1 18 \lIed to 1Dd1cate tbat the Neu1 t of a etep hae exceeded 1, a 

o to indicate the Nault of a .tep ie le.. thaD 10 

.0110 == ~ (x2) 
~ 

. C(.750) (X2) 

1(·500) (x2) 

l(.CCO) (:x2) 

O(.CCO) 

Thi8 i8 equal to cOUO. apin conelderiDg the blaa17 point to 

be above the tir.t 0 or 10 

To cornert a biM17 to a dec1ma1 IlUIlber t eJapq add the deol".l 

value. of the poRn of 2 repre.ented b7 eaoh 1· in the blll817 mabero 
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c. .5HIlTIN:G BIgARY NtlMWS IN WlI 

,~ hae ordare whioh sbitt the po.ltioD of • DUmber either to 

the lett or to the risht in •. repeter. 

A sUtt of ODe di,it po.ition to the left oorreepood. to mti­

p17iog tbe oriliaal DUIlber by 2. Sh1ftiq to the right correeponda to 

division b,r 2. Thi. 1. eo becauae the .hitt ie made relative to • t1xed 

binal7 point. CorreepoM1Dil1', .hlft1q 4is1te in the deoima1 .. ;atell 

relative to the decimal point correspond. to aultlp1ioatlon or divi.ion 

'b7 10. 



A vii 

BiDal7=to=octal· coDversion ie simpler and more rapid than ie . 

binal7-t o=decimal conversion-In the octal s"tell or nwaber1nl. the eight 

digitI 0 through 7 are u.edo Three blDar.f di,lte ~eQfticl.nt to repreaent 

aQJ -ins1. octal dilit. 

o 
1 

2 

:3 

4 
S 
6 

? 

Bipaa 

000 

001 
010 
011 
100 
101 
110 

1ll 

The biDa!7 form of an octal DUIlber .• ' be found direot17 trom the abo". 

table, which ie ~hort .noueh to be readi1, meaori.ed. For example, the 

octal number 316 is 011 001 1100 ArrT bina17 nwaber 1187 be con.erted to 

octal bJ s1apll readins oft troll. the lett the octal digits (each ooDaiating 

of three biDar,r diglte). 

Prognae tor m are often prepared in octal form rather than 

in deoi_l fol'tll becauee of this greater e.8e of oon .. rslono 

The m control panel bae indicator lights wbich 8ive the biDa17 

cont.nte of 8Il1 ··d.aired N,ietar. The blna17 r8g1atAtrcontente JIl87 be 

readi1, reoorded in octal to~ orreadilJ ohecud aptnst a program origin­

al17 written in ootal torm-

For prograJU written in ooi.~ torm, Ngiater. are- DUllbered 

0. I, 2, " 4, S, 6, '. 10, 11, 12, 13 g 14, IS, 16, 17, 20, 21, •••••• 
7S, 76, 77, 1,00, 101 •• eSpecial progre'lt tone nwnbered octal1, ~re 

available at Project -birl.lnd. 
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A SHORT GUIDE TO CODING 

(using the Whirlwind I code of October 1949) 

COMPUTER PROGRAMS 

Program. A program is a sequence of actions by which a computer 
handles a problem. The process of determining the sequence of actions 
is known as programming. 

Flow diagrams. A flow diagra~ is a series of statements of what the 
computer has to do at various stages in a program. Lines of flow indi­
cate how the computer passes from one stage of the program to another. 

Coded program. Programs and flow diagrams are largely independent 
of computer characteristics, but instructions for Ii. computer must be ex­
pressed in terms of acode. A set of instructions that. will enable a com­
puter to execute a program is called a coded program, and the process 
of preparing a coded program is known as coding. 

Orders and operations. Individual coded instructions are known as 
orders and call for specific operations such as multiply, add, shift, etc. 

The computer code. The computer code described here is that of 
Whirlwind I, an experimental computer using binary digits, single­
address order code, parallel operation, and electrostatic storage. It is ex­
pected that computers of this type will ultimately achieve an average 
speed of 50,000 operations per second. 

COMPUTER COMPONENTS 

Registers and words. A register has 16 digit positions each able to 
store a one or a zero. A word is a set of 16 digits that may be stored in a 
register. A word can represent an order or a number. 

Arithmetic element. Arithmetic operations take place in the arith­
metic element, whose main components are three flip-flop registers, the 
A-register, the accumUlator, and the B-register (Aft, AC, BR). The 16 
digit positions of Aft startlngfrom the left are denoted by AR 0, Aft 1, ..• , 
AR 15. Similarly for AC, BR. Words enter AC through Aft; BR is an· 
extension of AC. 

Storage. The term" register" by itself refers to the main electrostatic 
storage, which consists of 211 or 2048 registers, each of which is identi­
fied by an address. These addresses are 11-digit binary numbers from 
o to 2047. The computer identifies a register by its address. 

Input-output. All information entering or leaving the computer is tem­
porarily stored in the input-output register (lOR). The computer regu­
lates the flow of information between the internal storage and lOR, and 
also calls for any necessary manipulation of external Units. The descrip­
tive names of the input-output orders were chosen for photographiC film 
reader-recorder units, but the orders are applicable to other types of ex­
ternal equipment. 

Control element. The control element controls the sequence of com­
puter operations and their execution. Instructions are obtained from stor­
age in the form of individual orders, each of which is represented by a 
Single word. 

Inter-connections. The four main elements (storage, control, arith­
metic, and input-output) are connected by a parallel communications sys­
tem, known as the bus. 

REPRESENTATION OF ORDERS 
Operation section. When a word is used to represent an order the first 

(left-hand) 5 digits, or operation section, specify a "articular operation 
in accordance with the order code. 

Address section. The remaining 11 digits, or address section, are 
interpreted as a number with the binary point at the right-hand end. In the 
majority of orders this number is the address of the register whose con­
tents will be used in the operation. In orders sl, sr, the number specifies 
the extent of a shift; inrf, rb, the number specifies an external unit; in ri, 
rs, the address section is not used. 

Example. The order ca x has the effect of clearing AC (making all the 
digits zero) and then putting into AC the word that is in the register whose 
address is x. If q is a quantity in some register, the order needed to put q 
in AC is not caq but cax, where x is the address of the register that con­
tains q. 

REPRESENT A TlON OF NUMBERS 

Single-word representations. When a word is used to represent a 
number· the first digit indicates the Sign and the remaining 15 are numeri­
cal digits. For a positive number the sign digitis zero, and the 15 numeri­
cal digits with a binary point at their left specify the magnitude of the num­
ber. The negative -y of a positive number y is represented by comple­
menting all the digits, including the Sign digit, that would represent y. (The 
complement is formed by replacing every zero by a one and everyone b}· 
a zero.) In this way a word can represent any multiple of 2-15 from 
2-15 _ 1 to 1 - 2"'15 • Neither +1 nor -1 can be represented by a single 
word. Zero has two representations, either 16 zeros or 16 ones, which 
are called +0 and -0 respectively. 

Overflow - increase of range and accuracy. With single-word 
representation the range is limited to numbers between 2-15 - 1 and 
1 - 2-15 • Programs must be so planned that arithmetic operations will not 
cause an overflow beyond this range. The range may be extended by using 
a scale factor, which must be separately stored. Accuracy can be in­
creased by using two words to represent a 30-digit number. 

COMPUTER PROCEDURE 

Sequence of operations. After the execution of an order the program 
counter in the control element holds the address of the register from which 
the next order is to be taken. Control calls for this order and carries out 
the specified operation. If the order is not sp or cp(-) the address in the 
program counter then increases by one so that the next order is taken from 
the next consecutive register. The sp and cp(-) orders permit a change 
in this sequential procedure. 

Transfers. A transfer of a digit from one digit position to another af­
fects only the latter digit position, whose previous content is lost. 

Negative zero. The subtraction of equal numbers produces a negative 
zero in AC, except when AC contains +0, and -0 is subtracted from it. 

Manipulation of orders. Words representing orders may be handled in 
the arithmetic element as numbers. 

Procedure in the arithmetic element. The execution of an addition in­
cludes the process of adding in carries; this process treats all 16 digits 
as if they were numerical digits, a carry from AC 0 being added into AC 15. 
A subtraction is executed by adding the complement. Multiplication, divi­
sion' shifting and round-off are all executed with positive numbers, com­
plementing being performed before and after the process when necessary. 
For round-off. the digit iJ:l BR 0 is added into AC 15. 

NOTATION FOR CODING 

Addresses. A coded program requires certain registers to be used for 
specified purposes. The addresses of these registers must be chosen be­
fore the program can be put into a computer, but for study purposes this 
final choice is unnecessary, and the addresses can be indicated by a sys­
tem of symbols or index numbers. 

Writing a coded program. Registers from which control obtains or­
:lers may becaUed action registers, and should be listed separately from 
registers containing other information, which may be called data regis­
ters. A coded program iswritien out in two columns; the first contains 
the index number of each action or dat.\l register, and the second column 
indicates the word that is initially stored in that register. In many cases 
part or all of a word may be immaterial because the contents of the regis­
ter in question will be changed during the course of the program. This 
state d. affairs is .indicated by two dashes, for example, ca --. 

The abbreviations RC, CR. Abbreviations used in referring to the 
register that contains a certain word or to the word in a c~rtain register 
are 

RC • • . = (Address of) Register Containing • . . 
CR .•. = Contents of Register (whose address is) ... 

The symbol ri x. Whenanaddressformspartofanorder it is repre­
sented by the last 11 digits of a word whose first 5 digits specify an opera­
tion. An address x that is not part of an order is repre:i~J!ted by the last 
11 digits of a word whose first 5 digits are zero, whkh ;~ "quivalent to 
specifying the operation rio Thus the word for an unat~hed address. x 
may be written rl x. It could also be written x x 2-15 • 


