
right 0 

treated as a nU~~Gro 

s·l.iorage rea:ts·cers or 1(;)cat~i..on8 P, 
--.tIW~MYIJ_.~ ... 

for solv:lng a problem is oalled 
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executed 1..n. register $' ~ tho e.c1d7:'C g.; {~T+I) is s·i;oJ~€!('l In t:heA~·,:,,"'egirl~;(n' 
lIUt'l':'"atl .... .,"A.r.!"..~·~'!'t· .. ,·'·l'·''".6 ,. 

or cp Xo 

'VIlla Closed sUh",",:t'()l"~t:1.11O'S 'n""" ';;Jl(~ :'i..t;c:':;:ruo'l;j.on ''Ii& :<::0 
~""'~~_."""nN~';IC.""""'llln!lWf',;lo,~~.1U"~A""':""~' ~'. '~:',,,,~ • .,... ·,·,r:fi>· .. ·~··rMrt;'" .... j,···'~::;""·"t" .... ~~~~"'I~m~ 

already been. d~l. t3CUSfJ(>~ l.n corn,: 

:recalled that a 8U\):;:,1(; u·t:.t.no :i.s l 

ontered o 

:tn.structi on 

is invalus.bleo Subr'outinea are j.:D:ra:riahly enter{~d using "tihe O}':01."'fr~~:tons 

1.urriil't7.cti onti 0 If the ini "tfial j;1c:,r:l ::-d;or of a subroutine c(,ntail1s thei i.t: ... " 
.... '(.~~q -
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.numbGl~ by 
n 

2 0 

sJ1if,.l~ed; oIlly .!~hose digits of AC , .. "\.~ 
" ; .~ .. ~ ~., ' .. 

alb. n 

all' n 

of 

srh n SamEl as 81;.l .D.~ 

Brr n Same S.S fJ]~r 'iJ , 

11 

Theu {~le ar B};: 0 

on.1y' shit-I; is 'GO -l;ho ."." 'J."/} ,f. ;;;..,2.& ... IJ (I 

on.ly shif'i; is -to '·tihe .!.:i.g]J:i; \) 

any digits shifted ~.0fi; out of AO 1 01.." :'~~ight out of BH 15.are los'G, and :tf 



./\JJ., 

; 

A nora ntgo.i:(,ic~1J:J:t d).f:t"'C:CCllC~'1 :~8 ij}10:c the e.d.clrosr.; soc:timl of 
\ 

85.nce onl:r AG and 

di..git 6 must ba a in. 13).1" t" 

In this oase~ 

, 
In' -{;hir::; ():).:·!O II ';;hn iJ:q!.l'J. <1.ig:i:I; :LS ·{;1:·E~8::;0e. l:tk~ on:/. 

*This ooours when 0 (AO) 
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o'i;har. digit; tho process is simj)l;)r 03::,0 of reorient;;.ng -hha digi~i;s vITj:thou"jj 

regal'd. to their .nIlaDing a:t thar HS a .n;mnber or an ins"tructiono 

~vo ilwtructions al'to HiToilo.blo :ror execut:lng 'this op~ration: 

olh n 

ole n 

£Vole tho co.rrir.lnod AC and BR to 'the lef'l; by n f 

placeso Cltl""rY allY digits cyc1.9d ou'i; or AC 0 into 

BR 15. Hold all (ligits at the encl ot the oycla o ... -

b o Note tha'l; AC and En £1,:;:\\ '~rcn'i;od as a closed ring; dig! to 

oyoled oui;· of the lef'tof AC aprO~\I> ~X~ 'tho right of' E-1.. No l"'OUlld"",off 

a. Fraotions may, in e;f.:~.n.o::cal phaire Dna or mora zeros bG~tiV;eon 

the binary point and the firs·t 

Significant., in the sensa that ';';.:h f:ntC'1::ioll .mB,y equally wall be eXpressed 

as another fra.ction (having 110 9.kl:~·l;:t8.1 ;(;oros) 'GiLleS 2 .... N , where l'i is the 

Hovievar. in parform.:tng a.ri t.h.met:tc operations on numbers expressed in 1ihis 

form!, due account must be taken o:f ~~he faotor 2-N assooiated with esch 

numbar; they cannot be combined d:i.rectly usingW~II arithInatic :i.nstrt.1.C'i;:tOllSo 

sf x 

-Gha oontolri~s of 1\C and BR lett u.n:t11 there are no 

" 1ni tiat Z(1j:'OSo Store N ,the numbGr of times 

shifting Wi.:H~:t nec0ssary, in the address sGction crf 

x and ot An 

permits nwnbers ftC) be expressed easily in scale tactored 'formo Note "Ghat 
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user; in the WWI C0111ptrG0l't 110 au·:;oi11a·~:i.o f'o.eili"ties exist for tuldng scale 

factors into a.ccount 0 sf:x: "l;r(':)D'i;G .i11-'.~,nb()j:8 numerically. juerli as do the 

,§Puif"ii ins 'tau cti onso 

S:tnca N appears in .AR a.sJ viel1 as in regis'tar x. it may be placed 

in othel~ registers also by using the '{;aopl3re:Gion im1110dia:iiely follm'J'lng' 

sf Xo The operation section of 4 is unchanged by sf x; this should nor­

mally be zero before the sf x inr:rt;ruc·tion is exeouted.. If' C(AC i' BR) is 

:..0 11 N is set equal to 320 

XIII 0 The instructio.n sa :x .,..;- sp0cialr.ondd memoryo 
_ __ !4.fI:;e co =14:r,i2o'~·~~~""":,"IP~ 

a o Normally, if "the l'osu.l.11i of an. a.ddition is as la.:rge at~ tm:i.ty 

in me..gn1 tude 0 an overflO1f1a1.arm occurs (\ Occasionally, 'hhe coder will )7i11d 

differs from the instructi on. act ~;~ o'nly :111 its beha.vior In the aven'(j of' 

sa. x 

aUIll in AC CJ S'Gore the' integer par·t; of 'the SUIa 

(0, +1, (Q} =-1) "Girr.3s 2<:3
15 

in .. f:!6t'')~~~ j~!llOrt 

(SAM) 0 Gi7El n.o oV0x~flovl1 alarmo 

SAM is a special register of the' :rJl'ithr;1 .. <y~ic elal1"L9nt~ 1'GB onJ.y possible, 

contents Sl~ 0 0 +1, or -11) and i;hDBe ar0 stored in SAM only by the sa x 

illstrll.ctiono 

bo The contents of SAM af'i~er -the instruction sa A is exocuted 

may be used by executing' one of -the instruotions ca x l) as :x: 0 or em Xo -
If O(SAM) -):>0 than O(SAM) is ~.l~<! .. to the word which otherv.rise would be 

brough'(j into AC by tha~e instruct:lons~ an.a -Ghe sum is placed in AC o 



Whon C(SAM) =. Of this addi'i;ion. 0.008 nO'b change C (x) ona tha ca Xo cs xI) 

alld em X instruotions bGhavo. as W\liJ' tt-escl':tbed earliej~o SJu"V! is alVIQYs 

oleared when ons of ·aha instruct:lons co. j=~ os x~ or em x is oxocuJti·3t1 o 

NO'i;e that an ovartlovl alarm will OC~lr on these instruo'1;1ons if thG 

addition of O(SAM) causae the num.ber which is to be placed in AO ·,to 

equal unit Yo 

Co The execut-lon of any 0:;: -tlle follovl1ng :tnErtrttotions olears 

lJ5 

',SAM :.m.th~ut using its con'tents: o.b A~ ad x. au x t 8.0 xi) am xI) m.r xI) mb. Xo 

dv x, slr x, alh x t an Xo srh z.~ sf :to 

do SAM may alwaYs b0 tl,98umad. -to be clear af.ter the rea.d .... in 0'5: 

a prograpt tapa 0 

XIV. Tha ins'l;:ruct1on .md. Xo -- - .... -

mdx ~_:1.:.~1;!;~\( p~)1:G1pl~y each iigi"t o:{' C(AC) by ·tha SSIll3 

digit :l:u G be) and place result; in. AC o 

'Ine effec'l; of this ins'i~:rucr;;ion is "GO scrii the dlgi t3 of. AC whioh 
, 

correspond, to zeros in x equal tt) zoro tl and "':;0 leave the digj:hs of ·AC 

which correspond to ones in x u:;'lo.hangecL.~ 

o (x) simply' as an array of di gi·~ ~J z' wi thout regard tOl" "l;heir numer:ical 

, significancao 

8.0 The instruotion 

ok x Compare C(ACj mtd C(x)'o If they are i(lon:~:i.calp 

prooeed -;;0 the next instruction; if they differ ~ 

stop the oompu-ter in a .2~eC!:I0..Gi.9~ alal""Iao 
\ 

enables thE) coder to stop the COJilpu'i;er in case a computed word does not 



:tG 

ag.,.--ee exac'tly with some preda"Germ.:lnctl value 0 

b o The ins"truction ok :"1: is rarE~ly used :i.n ma"thamutical ~om""' 

pU'hations 0 I·t; finds i iis VIides·j; s.pplicaJGion in coding which irrvolvos 

use of au:x::J.liary equipment by the comp'u"tiel~o It may be omployed for 

ins·tanca to insure ·that informatj.on has boan transferred correo'lily 

from an external unit to the cor,lputer 0 

So TIle rellla1ning ins'tiructions are used for controlling 't;he 

input and output equipmnt assoc1a1ieo. wi·t;h the WWI ao.i1lputar o This, equip­

ment encludes, among others t 'fibe photo-electric tape raa.(lel.' t the Flexc).,.., 

writer typewriterjJthe magnetic 'l~a'pe uni''riB~ and 'bha magnetic druIIlo The 

details of coding tor theinpu1:;",">outpu.t equipp1ant w:i.ll be. dfscussad in a 

are common to all. eqUiplOOnt will 1,(; '(~onsj.dered hera o 

~o The instruction 

s1 pqr Jielaet '{;ho, ~l.}l11ut (n: outptr'ci devics rPecified. by ·the 

ad:dress ]!q~::~o \ 
j 

is used to select an au:d.liary dcn;tc~; anD'l) if that device has fIlOl~e "~an 

one mOOe of ope:ration t to B'poc5.::'y '~he deEI:~.red medo o The address pqr 

associated with each unit and. modo f.117 .. St bE) determined from a table of 

s1 addresses o Frequentl.v. C(AC) ai~ iihe 1;~tli1e s1 pql.~is executed is used 

to give further iDf'orrnation in selecting the unit; at o'hher timas~ C(AO) 

1s immater1al o s1 pqr always leaves all ~gisters of the arithmetic 

element undi s'aurbed 0 

Co After e. unit and moo.a have bean salee·Gad usingtha 81 pqr 

instructio.n~ whichever of the follow:i.ng instructions as is appropriate 

my be executed: 
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rd II l~ad one . word from -the soleoted dovlce into ACf\ - -
rc n 1-'ecord ·tho v;Ol'd in AC on the sela(r~(Jd devic00 -- ' 

Leave C (f ... O) tID.cilo.l1gsd 0 

The address n is ,usually imnnteI"lal o 

do It is obvious that., if the auxiliary,devicahas been se~ 

lected in a recording moda, the in.s·liruction rd nisilJ.og:lcal; similsl'tly, 

it a read 'mode has been selec~heCl., ~Gha ins'~ruction rc n cannot logically 

be ,given, It such a mistake occur's~ -t,he oomputer s"hops on a ~ 

alarmo -
eo V/han a group ot cOJlsecu·tive words is to 'be read 01* ra-

corded, the follcwdng instruc'hions 11'18.y often be employed: 

bi x read a block of' n conseau:t iva words in:'GO :MOM 
, - -
starting a:t xegiot;~r XC) 

bo x record a 1110ck of' :i'l. consecuti va wOl'tds .aut of MOM 

exacu·bsd. At·tar the instruotion: :i.s compl€,.ted, C(AC) ::I x+no 

f 0 T'ne illogical usa or bi x or 00 x' will :r.esuJ:t in a program 

alar.mo 

go Soma ot the auxiliary equipm.ent is ~~~~o and rd n > 

or bi' x instructions must be gi von. frequen:tly enough "GO keep pace wi"th 

the free-running: units o It this :is not dOl'l9 S1 the compu"iier will S"top on 

an JEactivitl, alarm. 

ho Two s1 addresses al~e used to S"top the computer~ 

01 0 S:top the compu'l;ero 

s1 1 Stop the compu'ter if' "the "STOP ON 8i 1" srJ/itch is 
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The "STOP OJ.~ 811ft switch is on '~he contl"ol console, and is set by ths 

computer operator as requaErted by tho co(.toro The "STOP ON s1 1" swi"toh 

will be on unless othelwwiae raq u.esiiec1o -
The coder lIBY occasionally encounter an alarm which ha.a not 

bean discussed wi th any ot the WWI in.9trtlctions o 

Each time a cora .... mamol .. y :r-egistor or a regis"tar on the wlgne"tic 

drum is referred tO lJ a so-called V'parity check" 1a carried, out to deter­

mine whether ona of the dig! ts ill "liho rer,ister has changed since i-G vIas 

recol'ded o In virtually all casas iiho pal-i ty check is completed success .... 

fully and compu"J.;ar operation cont:lnuea 0 

Occasionally. hONevar, a computer malfunction causes a faulty 

recording or a change in the inf"oX'!iliXbion reoorded in a ragister o When 

the parity check detects ·this» the compu·l.;er stops ,on a ~r!1l alarmo A 

parity alarm. my also be ob"Gainad l:-:- a nonc;::.f~xis·Gent magnertic=drwn group 

is selected by the codaro 

Should a :routine stop on a pa:t"'li;y alarm not tl~c~able to an 

improper drum rafc;u."enae» it may be soma consolation to the codar to know 

that the alarm. l'asulta trom an errol" l'iJr'J..de by -the computer and not by the, 

codero 

Bo It has been lTtantiono(l ·f:;ha·t; tho regis"tars of COTe ntem.ory 

are numbered starting at address 320 Registers 0 through 310 which ro~a 

~ part of cora ~mory ~ exist and are refel'Ted to as ~~ s-torll~.!o Most 

of the registers of: test storage have their contents set into "them by 

toggle switches; the contents of these registers cannot be changedo Five' 

of 'iihe teat-storage registers are !liJ~::tl2P....2.t afom ot stora.ge reg!s"tiar 

whose contents can Ibe changed Q 
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b o In general, '~he reg:i.s';j0rS with ado,rasses less than 32 , 

should not be used by the coder(I There are' on..ly 'GWO axcap'hions 'GO this -
rule 0 

Co The fh"st of thesa 0xeoptions is concerned with ·the raad­

in of PrOgl~ tapas.; The COdE)J~ 1J1:;lY das:1.ra' that a l"'outine 'term..i.na·te 

not by stopping '~ha ,computer, bU"'G by reading in a new tape, COllta1n1D.g 

additional data .,or a different rou't:l.l1€1o This 1l1'lY be, accomplished, if 

desired, by transferring con"Grol. to :register 2(; (by uso of tho instruc ..... , 

tion sp 26 'or cp 25) 0 Registol-' 2(; is the fiiJS'li reg:i.s·tier of the ~~*.!:~ 

j1!ng rou-tine for the inpu't program; transferri~~ control to this regis"", 

tar is a qui valsll'li ·to pushing "lihe HF.J\D IN button on, i;he computer console Q 

do The coder may alSCI ma.k0 usn of the oottt:ents of registers 

o and 10 Register Opernnnen1ily \~on·ta:tnlJ the number +0; regis'ter 1 

contains 'the num'Per +1 x 2-15 
Q frhe cod.QJ.:' need nO'ti s'hora either of these 

~onstants in his routine; he Ill:3,Y usa 0 Ol" 1 as "lihe address section of an 

ins"e;ructiono Any attempt to cho.nge C(O) or a(l) will not be successful:) 
. ~""~"JCP,,:cr~'.. 

but the computer will simply p:roceecl to the nex'ii instl~C"Gion V'l:tthout 

8.larmo* 

Nota ~Ghat the operat:i.on soction correspol\d1.ng -to the .ins'l;:MlO-

t1on.!t consists entirely of 0; s" fJ!hus (l the word ·~o is also the in­

struction 81 0 an.d i.ihe 'word +1 J1: ;~""'15 :tiJ the ins",ruction oi 10 A wa.y 

of stopping the computer is "~h\) :tJlS'~rucrt;ion sp 0 (ep 0) 0 The cOltrputer 

stops, by obeying the instruction si 0 in register 00 

XIX 0 The panel cont~2:1J2llt.!9nE..o 

a o The control buttons U1·a used by the compnter oparatol~o 

An understanding of tho.ir func't;1.on. :i.s vary valua~le to the codal." \'~hen 

. ' e.,J5 
2~ThG instruc'tion ao 1. oddly enough:> pl">oduoes +2 ·X 2·' in ACt although 
0(1) ramainsuncb.anged. 
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ll'1ri°f;ing out his ~~·9£manq£l ~..!1B£1,[;~~:~,:, 

(b'o Pressing the REA..D DI h1.dj·~o.u: bJ.'IingD in'i;C) op6ra'~ion a G01~lice 

routine' called 'the group 11 input; p:.'or..;t,cr;lo Among the !nany funot:1.ons 

which may be perfOl'lllGd by ·this rou·t;in9 18 "iihe readin.g of paper tap(?: "Ilia 

the photo-electr1c tape readar (P]3;'li:.) 0 All -tapas are :!10rmally :read into 

the computer using this routine 0 

Co When "Ghe ERASE bU'irton :i.s pressed before pressing the HEAD IN 

button, the group II input program c!:rases cora memory 'before reading in 

the next tnpao Othen'Jiss, no ornrJ:tng is donG; the tape which is l~a(l 

is superimposed on th~ previous cont;ents of core llle1l10ryo 

do The STOP button stopG ';:;he conrpu",er, and is used 'vrheneve:l:' 

it becomes necessa3:-y -to stop ops:i:n'l:t:i. on manually 0 Nornnlly, the com.". 

puter stops automa"i;ically on the :l.lln-truc·(jions si 0 or 3i 10 

eo The REST..lffiT but'j;on CUUf:les the compuJ.;ar to raconmwnce opora""" 

tion at the register immedia'i;ely fol1~ving the one in \'~lhich it stOjiped o 

It may. be used either f'ollmving the instruction 81 0 or s1 '1 or afte:r 

the STOP button haa bean preasod o 

to ':che ST.ARl' qVER l)u'i;ton enables the operator to s·tar'!; the 

computer at an.y regis'tar of co.1.~ IltCf.').cryo The aud:ress of the r0gis'~or 

must be entered by the operator in n set of toggla-~flitches providad 

for this purpose o 

go 'llJ1e START OVER AT 4.-0 bt""'t'i;on s·tarts compu·ter opera·tioll at 

register 32 (this is equivalElnt to '1:0 in the octa~ number system) 0 
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l~ 317 numbers are sto:t'ad 5.n CO.n:3~~·3lri;:i:n~ rogisters star'liing a:t 

a.ddr9SS 0120 1'lrite a routine w.h1.\1l.t placeR -the sum, of all these 

numbsrs in register 32 and than g~):):3 on to thE> next instruldt1ono 

Assurr.a that the numbers are such ';;illri; no ovej~flO\V' will occur and· tha.t 

register 32 initially COlltains +b~. (rl words) 

20 If digit l3 of AO is a one, -hrulwi"ar control to register rl; if it 

isa zero, transfer control to ~egtster r20 (3 words) 

3 0 Register.m5 contains a word. '\.>'Jh.ose addl.--ess section gives the loca-
I --

~ of a number. If'· this number 1.S posit!vestransfar con·tirol to 

(5 viords) 

40 Change the opers·t1on section of.~ the "Nord in register b2 to .InrI) 
. -

leaVing its addl"ess sect! on unchl3.ngod t then 'transfer control to rag~.s-

tar t6. (7 words) 

50· v'l.b.ich ins'l;ruction clears boiih. AC and ER? 

~'~hich olears AOwithout affecting B1?? 

~ihich clears BR without affectdng AC? 

6. Re'peat exercise 1, VJ1thout .making the assumptfon t.ha·h no ovsl"'"flmv 

v-Iill oocur/JI stop the addition \'J11e.\1 e1 thaI' the end of the list of' nU1ll"" 

bers is reached or an overf'lovll' occurs o The overflow may be of ai-'Gher 

s1gno Be sure that the numbel"' vlhioh aC'f;uallycausad overflovl is l!2!. 

included in the sum in register :321> ';lhan the additions are stopped 

for ei t.ber reason, proceed to the nsx'j; 1nstructlono (14 tvor(1s) 



7. Write a closed subrout:.t.ne whioh raj.sea C(AO) to the iO .... th power 

and stores the result in AC" +11 x 2-15 is stored in the register 

immediately 1'oll~v1.n,g the 91> ins·t;l"uction whioh entel~d the subrou·tine o 

Control should be returned to tho ,register immediately following the 

one containing n x 2-15• (n 0) (l9 words) 
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