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Repa .. t R~1'l7 

Beca.us e i.t pJ.'es f.'Ints information of l~s ~ing value , ~ih~_~' 

I 

thesis report , which has had only ver:l limited dis t. r i but ion, is 

being issued as a. Projoct \fhi:r.lwind. R-serles r0por t . 

Rel la ill t~ of operation ls one of 'th e most lmpOX'tfl,:nt; 

eoals of the research heine done on the laree- scale elech'on~.o 

f 

digita.l computeT > Part of this ',cencral pt'oblem i s the 'd,evelopmflJl'C 

of methods of error detection and t rouble location, A very usel~tl 

technique adopted by Project Whirlwind is ¢e provis i on of f aci:, i tieH 

for the var1a.tlon of d··c supply vol tages to various Farts of tiw 

computer. By this means. d:tnamic and incipient f a ilures can 'be cr.m-

verted into 6 teady-s tate failures. end deteriora tillg CODlponen ts 

r~moved befor e they callSS erroTS 9 

This s o- called margiilsl checkIng makes U E e of epac ial1y 

destgned cheek: problem3 . A method of designing such problen13 ~o() ';;' 

use "r1th the 'i'lhS.rhrind I computer is de'V'eloped in t h ls thes il3 , 

\ 
,) 



Report R-177 
( 

J'ABLE OF CON.I·E,N'l~ 

FOREWORD 

ABSTBACT '1 

ACKlfOWLEOOMENT 8 

ORGAlUZATION •• 9 

1 INTRODUCTXON , · . .. .. • . 10 

1.1 The Automatic Digital Computer · · · • 0 · · · 0 10 

1.2 Reliabilit y . . . . · · · · · 11 

1.3 Principles of Checking • · · · · 15 

1031 Bul1t~ ln Checking · • · · · • · 16 

L32 Programmed Checking · · · 0 · · 17 

1.4 Scope of this Thesis · · • · 20 

DESCRIPTION OF \ffiIRLWIND I · · · · · · · · · 21 

2.1 Machine Uni ts . . . · · · • · · · · • 21 

2.11 The BaBic Features · ~ · · · · · • · 22 

f . 2.111 The Flip-Flop · · 22 
( 

2 .112 The Gate Tube · · · · · · 23 

2 . 113 Restoration · · · · · · 24 

2 . 114 The Electronic Switch · · .. · · 25 

2.12 Simple Combinations of Basic Stae es · .. · 25 

2 .121 The Binary Flip-Flop Reelster · • · 25 

2 .122 The Shifting Register • · 26 

2.123 The Binary Adder · · · · · · • 27 

2.104 The Birulr'.! Counter · • 28 

2 .125 The Time-Pulse Distributor · · · · 29 

... :5 -



( 

'" 4 » 

?~l31 . Cf!lr!.trnl Control • . 

?o135 ' !\lilt-tn Chf!lcldng • 

?o136 To~' Control 

• 0 " 

~.137 ~lectroetatlc ~tor~ • 

?~3? The Operation •• 

DISCUSSION (,F FhILUP.~:S. • • 

3.1 Claedftcntion of f,J.lurel 

3.12 DyllaJr.ic h.UurAI • 

IncipiAnt r tlure~ • 

. 1: .15 'l<e-nroduclb1e Fa.11ures 

~.16 Random Failure~. • 

~.? Checklnr, Contlderation!. 

. . 
. . . .. 

... 

til .. • • • • .. 

.29 

· ·30 

· .31 

·32 

·33 

.34 

.35 

·35 

.36. 

. . .37 

·38 

· .38 

·39 

· .43 

· .43 

· .43 

.44 

.lJ4 



( 

Repor t R~l n 

Ga.te Tube • 

3o?2J 

• • • • c .. • '*' • ~ • • tit '" • 

• • · . · . . • 0 • · . . 
... . . tf.II • ••• ~ • •• 

· . . • • · ~. 
. 

' . 0 · . · . 

.46 

3 .. 3 Ve.re;1 nat Checking • • • • • • • • • • • • • • • • • • .;0 

4 

• * • • • • • • · . . . . . . . . . . . . 
· . . · . .. . . .. . . . 

. . . 4.1 ObjeotlV ••• 

4o ? Hi.torT • ~ . . . 
· . . . . • • • • 

• • • • • • • • • 

• • $ • • • 0 • • 

· . . • • • • 

Propoee4 P'l"Oce4uro · . . · ... • • • · . · . · . · . . . 
l~e 31 Subdl '171 nion of the Oom ruter • • • · • · · · • · 
4.3? 'Ihft Cha.r r.e1 COD(:ept • · • • • • e o. 0 · • · · • 
4.33 tI",e ot the Chnnnel O('!ncept • · • • · · · • 

4034 }.illt ti'ple FhUl t. • • • • · • • • • • 0 · · · 
o • 

• 0 • 
o • • • · . . · . • o. 

EXJ\J· PL:-:~ OF J)'r,t;Im·' F"-.; O~··,:~y.~ 0 • • • • • • • 0 • • • • • • 

5.1 S1nt:l0 Fa'.!l t S~qu~ncefl • • • · • • · • • • • • • • 0 • 

5 .. 11 An t \'rI'H~ttc Control Flip-"1.01'11 • • • · • · 0 • • 

5.111 Cl'!amel ~epftnt 1 - Sirn Control 0 0 · • • 

5011? Channel Sep.:ment 2 - Jlultl~ly • • • • • • 

5·113 . C)-aMel Sepr!!'Ints 3A and 311 .. 5 1-1ft . 0 · • 

5.114 Cl1a.nnel Se~~nt 4 - n,.vtde • .. · • · • · 
50115 ChlI.nn.l ~.l"J!l"nt 5 - Special-A.dd • · 0 • • 

5.116 ~t-.arlOel Segl!l"nt 6 - Point-Off' · · • • · • 
5·117 The OoJtlPlete Sequanoe8 fof' Art thmetlc 

Control nlp-:f'lot'l. • • • 0 • • · • • 

5'.12 Inpu.\ .. Cu.t· ut Jo:} f!Ir. Po n t • · 0 · • · • • 0 • · 0 • · 

.56 

.;6 
0;7 

·55 

. 59 

• 63 

.63 

.63 

.64 

• 65 
697 

.68 

.n 
072 

.72 

.72 

.. 



( 

• 

Roport. R=l77 

G 

50l?? In-Cut. Contl!"61 FUp-Flopa . 

Step Counhs- o C ? , 

14 

• 0 77 

79 

• • 81 

84 

5.? ~ult1~1. Fa~l t~ - The r-ro~r8m Counte~ •. . . 85 

; 03 Trouble Loc~ttoD - Control-Fulfte Out ~ut Un1t~ • 91 

P..ES:JL'l'6 ~m CONCLUSIONS . . 
• .0 95 

· . 95 

6.11 Dh cl1.-UOD of' Low "argiD on l1ne 113· . . . • 97 

G.l? nl~CU881oD of Low Yar«ta on Line 79 . . 98 

Go:? -:v/:l.lu.et 1on of t he Design Procedure • . • 

6. 3 Su.l"ge!'lU on8 t lJ r 'Further \-Tork . , . • 

99 

.101 

. ..• . 10? 

Ai ' ~;:~DIX II - Det ails of Coded rro".ame •• • O t) OOOO .105 

o • • • 0 • • • • .. 0. " • 0110 

.111 

LIST OF ILLUSTRATIONS • • • .. 0 . . . . .. . • • • • 0 .113 

ILLUSTRATIONS • • • • • 00 • •• 0 ••••• .114 



( Report R·-177 

ABST.BACT 

This thesis study descr1bes a method of designtne 

check problems to be used in detecting errore and locatlne trouble 

1n a large-scale d1gi tal computer. The computer is sys tematically 

8u~iv1ded into small sections. A stud~ is made t o determine th9 

paths (channel segments) in these sections alone wh i ch information 

18 routed, as well as the sources, destinations, and methods of 

transmission of theinformat1on. 

One of these methods 18 selected for the routine of each 

type . of information from one of the sources to one of the destina·~ 

tiona of each channel segment. The destination is t hen examined to 

see whether i t I'ecelved the proper lnforma.tion. 

Thi s process, U8~ in conjunction with the Project Whi r l -

wind method of marglnalchecldng. permite a sequence of instructions I 

to the comput er t o be speeltleda Limited tests in the Whirlwind :r 

computer 1ndica.te that test sequences designed. by this method w11l 

be quite useful. 
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for thf." c('tnduct of the w(\rk nnd the prepur::-.t1on of Uh r sport. ¥.A h 

also Indebted to "'r. J. to" . ~orreftter for m~lng ovai1s..bla the fac111t1 " 

of Project WhirlwInd fnr the 'trftpa.rD~t.on of thh tbeelo. Tl-.o.nks are 
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( 

a.1I followu 

C~'Pter 1 pregfi.nt. the pl'Obl e'i!' of checking dtp,i tal. eOl\1"("ute 

and tDdica.tett .(llIe rOB .. ! hIe 801uUnnso 

C!':aptf}r ? ill a fe.1 r lY deta.Ue»d de~cri"Ucn of tl'1f: o-oerati on 

ot W'1l .. 

Cl-::rter 3 dhcu.0888 the natu.re of fn.llures ano th~1r Infll.umoe 

on checklne rroeedu.r~8. 

C~a.rter 4 pre~ent. a er,tematlc a~rroaoh to dft~l ~~ing specinl 

problema tr che~( th~ oner~ tlo n of th~ c~mru.t~ro 

. Cha:pt~r 5 t1ve r. a nwnbAr of e,..run~l .. n C'f thp. a":1~~11c: U""nll of 

. the npproach to checklnr, Wlo 

Chapter 6 dl~cuP88. 8nd ev&lunt~o tbe ree~~t~ of the the~l Go 

Appendix It c~ntE!.in. th~ coded r!"O(.I'l'!n1l which h ':VII been develope.) 

by the I!l~tl',"'d deeorlb6ltd in th' 9 the~i8o 

thad "0 

- 9 -
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1 - l~~~O'UCT !OU ---
. 

The eu.toDtatic digi tal oC'I!!f'U,ier 11 tool ' {'(.It' th~' ~ol 'J.t:i.::o ci 

8.IlY dell .red lequence of art. t bmeUc opere.t 10nfl on .riven s t.. T~1 tt '-1 in 

quantUha in a eYf'tem obeying 1'hydcal lawe ha.v1 ntr. thp. mne farm 8.!' the 

opertlt'on~ inTolved (eoe' Fig. l) ~ It also )-AS thp. t~MHt:- to cho()'!c -'Iron!' 

8aTeral alternllte compu t i ng routinp.r, on the ba.h of !ttl own ce.loule.Houle. 

A wide vti r1P.ty .of 'Crobl p.Il'I can bE" e~lved througl'. th UPfl of the au.t(:naUo 
I 

0.1 ·!t0l cor ~ ll ter becSllo8 of the grpat neld b1 11 ty im"!'U pd in theM) 1',.10-
1 '/I. 

pertie •• '" 'I'M hleh ealeulatine RTleed wHclt t" cb.'lracterhttc of tt .$ 

foeeitlp. in prlnci~lp.. 19 l~~pl~le 1n a practlc~l @~nao becau~e o· th0 

prohibit1Te omount of t ime :l l1d label' inv('lvedo 

Ae ODe might euepect, a rnther com-rlicl:lted c:\.evlce 15 r equire ; 

to accoJl"!>lt8hthe~o reQillt •• For e:nunT'lej Whirlw1nd t (';r~l), the elflctro I' e 

8.8 resistors, capaeHor «, inductor8, Wld crystal rectifier diade.o Go~d . 
. 

C01fl~tBr d.eden requlr~ 8 that ecch individual eomp(\llent be o-r:ernted under 

conditione th£t en~re as lon~ a lifeae po.8i~le . 10 ~evertbele,~, oach 

• Sllper~crlpta refer to the numbered bibliographJe 
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fa.ilu.re occurs. it h quite l1kely, though by no moans eertain& thE, M 

error w111 arNH=1" in the ct't'!'!:'ut8d re.:.11 teo 

undetected, f:I~ oa.uflle c~ndderable dalJlar:e. ThAN So- no lOl'v-er any :i.oubt 

thnt cor:!,uter~ can be JTlade to \fork, the to.bl". of r'lnCUl'ln~ ClllO .ll ~.~~d H· 

the Ha.rYord ComTUtntioD Laborat('lry havl! amply dernoDtftrated t-Htl ' fac.,. r.:lrj 

r~8u1t, muet bf> obtained 1t the latent Talue ot the 4ut ome.tic d1gUsl CCl'!-

It 1-.a. been t!letFl blhrhed tmt 8rr0I1,OU. t'A8Ult are undosi ablo 

'lut the7 EJre aloo inmtable. '1'1"11 h not ju!t a "eouJ.1 n.rlty e.rh~ng 1m 

the 1lpe ot thp. 8l1tomU'c d1r,4 tal c011'lrutp.r; other methed (ll of nroblem t'Olu ~l olll 

?.re alflO aUbJectto error~ 'Jhnt level of error occurrence Cltn be trolern ·.edl 

r-etore thi a QUt"lt~ on eM be &Dsverfld Q.uantitativel:r, 8, eondderablo amou'lt 

ot etatiet1cf.l data mus t be Q.ocwnulat.ed. It v111 ~ difficult to 1ntarp,{'t!lt 

euch date. on a ct:tllYptLraUve bali. becau.f'e of the speed difference. among 

yar1.o118 methedl. The 8.l!'ount ot coepu..uUon wl"lch can 'l-e crone during th peri 

betwoen error. lJIl1~t be taken into co nddera. ~ ~ on in fiozne wHat,le manner • 

• P.owever, one error !l"r week has been tlu r"geflted by a lfO'adlnc Buther! t)' 

8.8 a reaf\ona.ble f,Oal tor a cOlm'Uter ot the lIame nature f:l;1t ~!hlrlwindI 0 . 

• Thi~ 8tat~ent W&e ~ de by J. w. ~orre't~r duri~ B dl f1eul .. ion of h1n 
talk ... t the ll'srvtlrd Sympodwn on targe-Scalf.- D1€'ital Calcllle, tiD« l~lleh1 "I 9l"3" 

on Septeftlber 13, 191~9o The proceeding. of thie tIIYtntodum have flOt ye 
bflOn '!'ubl iehedo 

, 
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Thp ra.e\. t, m:~ O!'Ti)rS' wi 1 oeC'UJ:' dOilB not r:aee.u the. t WEI r.:lltlt b 

l"fJ8ignGd to a.ocept erron90u~ 1'8~ul. ttl. The~ ara m':\.ny method9 for chic:khii, .. 

on the v?-l1c!1ty 01' esl c lllded re~u1t8 ( gee lecUon 1. ~ Dll' r9fer&l1~ce '! G 

foM 9) 0 " ~hen it 19 knO ll that Bl'a.r ticular r esul t 1~ In error, !i~ Is \1 \.~1 .. 7 

poe8i bl~ to remoye t he .~Urc8 of the error nnd then ~roce6d ~) calcul~tB 

the correot valu.e. Th I , by u e!ng thei! metbode, the eff ecth .. 1'811(1'011 t. ,t " 

of the CNI" 'utftl' ca.n be 1norea. ed tI'8I!l8ndou.dy. al tholleh the "peed 10 rodU.cq·d, 

on~ewhat. Of cnllrae, th~re are & number of appl1c~t 1 on' i n whi ch tl ~e 19 

ell l~rtant factor M th.e t t bp.re h !'O till. avalle..ble f ora leoond cal .. 

eulPt10n un4~r error-tr ee oendlUone. su.ch e:pnlic !'l t ton will 1'1" 11 ,111'0 Yf9ry 

.pltchl teohnilluetl t o a.chteVG eathtactory reliahil ity, but error d.etecUo I 

1« e.,entlal &v~n theno 

It mt:tt be I' al bed that it 18 Qui te 111"l'O flatbl ~ to detect nll 

errorl, for 1 t h cert8.1nly concelvahle that two ranllT'~. CI' ft occur f\ !mul ... 

taneously in such A. waY al to nul l U'y the u:eU-od b~ l De: U {ledo 1'l- l s is not 

\0 ~ th,· t there 11 no method fDr dfttectlng erJ"Orcs cause d t'7 t\.lO c('lmp~n .. 

saUnr:, dmultaneoiul ta11ure •• It 11 alW~8 posfllt hle, a t l l.l8.Gt in pf' i nclp:t I), 

to dev1 •• e loh ae w~lch vi11 det~ct &n1 "pecified c~mbi Dat1('1n ot ta~lt •• 

tut. in thft mort geneI'd case, ad.di tional ~qut"Olllcmt woul d bit r <ll lt r~do 

T~11 at.!dl tional eo.ulplllent wollld give riM to new combinations 'of tani t.~ 

-w!-"tch could not be dptectfld y1thout further r . lort to ext eoulpe nt , 

For e. elYen compute r, tbere vl11 elva,. be lome c(,rIlb1nn t 1ons of fault:. 

vHeh canr.ot 'l,\p detect ed vi thnut chan.g1nt: the OOIn'r'uter o It bOCOlr'6a naceQ .. , 

gary to decide u~on en adequate decree of error det ec t i on . Rp.re the 

eeon~m1c8 of tht!'l 8UUtt t1C,\n Ie 8.n importr..nt fa.ctor. Since ,8.ll3' desi r ed lGYfl: 



( 

\. 

co 13 ~ 

of checking eM bv 1'1"()·1d0d e.t the co()d of el thel" IOOU~Y o:r Uno, (tom!1 

balaM6 Wilt. be achlw0d botwMll conflicting 1I3tf!r~1i!'h" It &eOOlEl"'o I!J 

(p,ito t;0nerslly ageed th&.i th& probabi 11 ty of P.it undf.\ ee,sd Grror c ( l::u.1"I'1.1 ,;; 

1n eo M chtn. \1h1ch 18 checked i n 1 ca~es of !lingle faUur ee 18 B'u~·fiehm: .. !;f 

l ow. However , arq me t hod tlMch rrovldel a check I n m~ caBS of mul ti~tn 

fault g at litt le extra COlt .~ould be carefulI1 con,ldere4 o 

A. l!Ient!oneci prpv iouely the time req.utred t Cl de t ect lm 01"1'01." b;y 

6. g1ven tnathod 18 froqu ently of d tal irn'POrh.nce t n a'P'Pl l entiontl wber~ tint; 

h a tectoI'. 'These Jrla"V be exefllPUfi d by the rrobl em of dtrecttZl€ th,~ nt) . 

or all' traffic tn a.ccordance with the 8'Oeel fted acbed\llee a.nd t he actuul 

pod t1on' and veloel tiftl " of' the atl"oraft lDYOlved. 13 Th9 CO!!'rruter is utieC. 

to correlate thh data and tll1t!"t'ly thp. A'MlropriCtte i nstruction. t o the pUc-{a 

of the 61rcraft 1"p.t.El.rd1nt.' the rUtht pattern tc ' bfl n:atnt JJ.l ne4o '"h@m <the.(l 

Intltl"U.cUon_ l-re h . error, the :pUoh and the o~erF. tor of thp. control tOWfl:' 

IIIhould bp. {nfo '"!Mel lrnr. l ed.1a.tely ~ thltt ar1':'l"Oprl ~':.te emergency m.8 aur~. mq 

be talc en. The l'/1lT.'OX'tllftce of ~ nit antan. ou. error doteoU on 18 <l'.ll te "viderJ 

in t'le csae. tude d we ma~ even look 8.&kanceat t he fee t that It if 

J)OIdUe fo.,. "ON en-ors to f.:O UDd teote4. B'owp.ye l" , we m\19!t r",e bel' that. 

1t 1. q~Jte po'~lble fer the aircraft It~elf to fai l. Tr. l a 18 a Ter,y 

epaclal (!Flee and the secure-oy %'8('!.tllr8\'l'lenta im'90Ped are far gret ter t hon 

~o~ld be encount~r8d 1n ~o~t ordinary a~~licr.tlon.. EYen where the dang8r 

to l-.u.II'1un life it net. PO lmr.·edlate, ''Peed In emr detection If qui te ~m­

portr..nt. A c"nelderal'Jle 8I'l011nt oferrol1eou., COtrrrutntSon fIIlght 'be e.CCll JlIuJ.S.t (~a. 

before an error 18 det~cted. Thte w111 be wasteful, lut 1t t. &@:'o.1n dl f­

f1c:.11 t to l)a.~ otherth ,>..n e. qualitative .1u4glllent on the Talue of flpee(l in 
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monetary e.e'P0ct~ h.lwlveda It may be Bald, ,.,!ttl 11ttlo i sa,%' of cont:!'El,<n 

diction. t~t it 18 prere~a.bleto "ave equlrment e>.t t ,.e ~c)et of Um~, l~ll 

other factort' bp.1.ng equel ~ , 

Onee a f'ailure b kooYn to e:d lit . the nflX\ st.'P l ~ to repe.lr It. 

Petore an,. repelrs can be carried ()l1 t, the fa.ult,. component JJau;t bfJ loeat,' ,,) 

Conventional lJIethode ot t~ub1e location In suiall p i ean of' 8q,ul-pmeLlt CU"{I 

comp1etely ' 1Dadeq,uate for a job of' t r b ra:~nt tude . S!'9c~al uutOll"atif: 

methode nut be d .... hed to h(ll ll,te the faul ty compoDont. It 10 D(lt 9011 

o.ry. to locate thp. tpeclfl0 co~onent by the,,~ ~tomat1(! meaD, but, t.he 

fault should be it(ll n.ted to 8 :l.nl t tn which convent ional technique, IlWY 

be emf-loyed In. a reasonably !ltort time. A cOJl'lT:'uter wU'eh make$} one i;'I'TOf' 

a week cannot be 8eld tf' be Te17 r811a1'lf' if it t akfl B a " esk to locr,:t.e 

'1ts source. In thl:;t t f!'te , another error 11''&:.' hl'~ve occurrp.d <: nd anoth01' Wf.) ,,:: 

of tro:.\lle 10c:t1on h in 1'r08l'8ct. Under such condi t lonl, 611 of tnt'l 

o'PP.rt:ting time of' t~f! cotr·~ter'Would be taken 'utl in tJ'OuH810ct.t10n . Tb, 

ur.etulout-r.ut would bp. 'PracUcr:117 nU. It doe s nn t 8C'\ em unreasonable 

t~ expect that the cOII~t8r r.:qrform uflef'ul worle: duM nr a t lea.t hal f' the 

tir:w It h o-perp',ti!lP'. tndee4, Uh Wt'uld be a rather p"or cr rputf\r o On 

the 0 ther hand. It take. a f1 nl te rurount of . Urne to make the actual ll"~L') ') 

~7PerieDC~ with ~~lrlwtnd I Indicate. th~t t~1. tl~e 1. of the order of 
I 

magnttude of 15 or 20 mill1tee, on tbe E\verer:e. It h p01ntleSl tor", t,o , 

€:I'er:.t lengthl to develor an autol!l&tto trouble location I cheme which 

teolete8 the fll.ul t within a fev fJlecondlo ro A l'erfeoUy ' gs.ttefacto . 

J!lethfld would be one w~'f ch locnted the faulty cOl!'!Ponent i n leu then It() 

minutes. TH~ Vt'\111d IMan that Ayrt'rorlmately an/ ~our WOIl1d be req ill rl!d 
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. to pui th. machine 1~ O-p"!t"8.Ung contU tion after e.n 81'rol' haD b~8n dr"~oct&! 0 ' 

LelR t Mn l:,~, of the o'P.era.t1ng t ime of the COt~"Outei' (l\Ul.UYI1.n.t. 0 0 er&'Qr 

'Opr weitk) vo11ld be lo~ t tor t hi fj r"!8. on. 

He retof'oN the term chACkln~ hall been &])1'11.4 to lI\ethodn t'COl" . 

t he det ection of errorll h l the ('1'n~rF: .Uon of the enU TP. cOl'fl'Mltet'. 'Nn~n 

SA error itt detected by Itlch a method, thft f aul t7 comr.onent itt know to 

b. Bomewhere In the eom!'Ut~r. Thus a measure of t r('lubl~ l OC8.Uon hall 

b8en a.chleTed. even th~uF.h it lit 01 du'btC'UB valu.e . 'Ox en an error loll in­

dicated. by a method den ,aed to chAck a relat hel7 ~mall unit, the f s':lt1 

coll))Onent t & known to orl.t tn tht]t un! t. A. large lIleuul"t) of' trou bl 

Ioc~ tton hae been acht.,ved. . '!'here h no dtftp.rence 'between ohp.ok1 D,f 

and troubl~ 10c: ttonQ Th8 dt~tinctlon 1~ one of degree r~ther than kind. 

1., PrlncSrlee of Checkt!!, . 

Jlr dce.117, t hf! l'roblem to ba 8(')1ved b1 the v; r i ouf. chftckl r"g 

method. 18 tht.t of .... rovtd1ne a luital'lle 8t~.ndard t o Cor.1p: l J'fJ with the 

reeUl tEl obtained from the u.n! \ bp 1ng checked . The ctotce of the Ii ZO 

of the un! t to be checked depend. on the degroe of ~rouble locl:,tioD i:h2t 

1ft detl1redo It is cle/, r tht_t if no fa.ult eJ'hh I n M1 of the small unit i 

w;·.lch co~rhe the conrnuter. then no fault exist. in the entire OOFl.lteJ" ~ 

'!'h.U8, if E\. scheme 1. deviaed to check evf'~ small unit of' t he COJrl¥'utp.r. 

Including r41 their interconnection., then t hli cheme check. thp. ~ntl re 

COfl'l"'uter. The va,ri('lul' 1l'et~od, v!"lch hrtV'e bf'!en flU.f'eept0d thu.. far' di ftor 

In the nex-lb1U\7 with "Mch they mq bfll a-ppl1ecl unit e o f v~ · rytne ti 280 

':here 8.t'p. 08£18nt h111 two d.11ferent aTlrroaeh~8 to the ~ rc blan 

of t!f'!nfllratS ne a cnl'rrflri ton 1'tandar4: bun \-In checking gnd f,)rograJrn71tacl 
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ehlltckingo Addttionni eouipmeJ1i gen ... rrtec t.He ..,tfl.n".r:I.~ in b11ilt-b\ 

checldng s~heJn.fjo In tll"o/Vp..tnfr.ed ch~cldng. the compu.ter t rsah tht:' ca.l-

In checklnr- pl'wl h higher corr'!TIlU~ speed. but r~nlltrel snore eq1lil~mfn.'lt 

than r-rograt'l- ed c}lP.ckt~. lI!ore than one tY!"8 of chp ck1ng 1 c f'roq\l!)lnt}:r 

\If;~d In n. cOll"'f.lltezoo The amount ot e :: ch t:v-re 18 dictated by eo.onomic 

conddere.t1ont. 

Perba~. the me~t obvious ve~ of ch~cklng e unit ig to r~ovid. 

(1ll identical one to du r l ten te 1 hi fu.nct1on. • . The reoeul tit obW.lned b, the 

urJt. ~ o~BclRl unit 1. ~rovlded to makft ttl, cnmparl~on . If an error 

h detf'chd, it rnay hr..,e been cnu~3d b~r So · fnnur~ in e-ithm- .uni to It 

i~ alpo ~o8~t~le (thoueh lrp1"Obable) for thp. "Rme failure to ooeur tn 

both unite 8imu.ltaneoualy, glvint a correot ch~ek in th~ 1?re~~~ce of ~~ 

error. Thl, h'e b~~n dl~cup.sed in ~~ction lo~ and 15 DDt a ~er1ou~cb-

. Jf'CUODo Tt is, of oru!'fte. po,,~n'le t~ -rrcrlde t hree or more tden"1cal 

1.11\1 h to ~ard a.r,n.fMt such druble fe.iluree. Rove.,er, none of the txi GlUt.g 

equ1T11\ent bpoautaeof thfl.! COl't lnvolved.oChecke or t"111 ' t :rt:8 nTlIt known 
c 

a. mu1 t1ple eheekeo..l ~\l1 UrI. check. are /1:9I1P.Ta.11, utled for laree unite ; 

the num"t·p.r of c"Jl'lfe..rieon 1.1111 til reQ.u.ired when. small unlh are involved. 

iF rel t to be e"Cl'l~'81"." 

A more efficient u~e of ohecking eq\llpment Ie Qcb1e.,~d by a. 

conn·o.rllon of tH".Me identifying chcre.ct~r1Rt1c (or tC\g) of the actual and 
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~he r011ult of an o,!,f'ra.t ' on may be indopflndent of the numPl'" ' nv~ l v:"do 

t f. frequently a(h'antnp.:8(HUI tC' r.rovide a. . c heck which takes cognl r.e.nCG 

uf the e1 tuatiOIl. An exaamle of !=uch 8 t"redetermlned chock: t r1 ve:a 

6 in 9~ctlon 5~12o 

A more dotr.:.U"d d1 +>CI1P8 ~on of' bIll1 t-1n checki nr: 1!lay be f ou.1j,d 

1n rAfer.nce 6. 

which trea.t thp. g~n~rQ.U()n of a compf.:.ritOIl tlte..nrlard D.~ a. 'Pro'ble.'IlI t o 'he 

of problems ..,Hch (}.l"9 'WH hin the pro'blem-~olvlng capab11 1Uei of d.l;'Hal 

which are bused upon thei r uee. However, thl!'r~ 10 undoul)tedly a. g roup 

of mlscel1a.nMu8 relat1oil.hh)1 which hold in 8~ecie.1 cal' • t hr.t ClUlnot . . . 

1)0 fitted into fUch a C 8f'dflcstion. 'rhe9p. mlece'lanet'l1.1 tec!':ni q.'l. a~; 
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cannot be dl.cu8ced hereu 
. 

The f irst of' tlleoe ",chame. it known as re!, at chec:1dng, \hel'cd.f. 

the solution cf a proble~ II repeat~d a epecified number of tlm~8 mid 

~oth (or MOre) eete of rA~ult' are corpared.9 . In ldentl'y cheokine, ' 

two (or 1II0re) ectulvalent lIlathematieel proc dure8 EI.ra uRPd to obtain tttO 

(or more) set. Clf result. for CClf!'rarleon.9 With ,orne f'roblem • a. )''''a.ther 

good check I'I8Y be Obte.1Md by rn~r hg the Pl'Oceu of Tl bl .. Goltnl"n 

and flDdJD€ the g1ver~ Initial datat:rOIl the allfe. '~d "ol u tion. yielding 
. 6" 

what II kcown ~8 lnv r~e checking. In Bam~l. checking, th eolutio~ 

to B r~n~ral cla~_ of problem! is obtained for a Rpec1al case In vr1c 

the anlWflr 18 k:own; the corr~ct ,oluU ron llldlca.tee t-hEtt the com"'ut~r iii 

rrobabll capaU. of I~lvl~ thiP f;8neral clafut of ",rOblelu .
6 

It 1~ poesi' :18 

to eXeJl'!ne the "ClluUonf! of 'Probl A~~ vhf ch :,re known t.('l } f"8.d to t~C'nt1nuO'll. 

() 

fUnctlon~ for conttculty. thu@ e1ving rl,~ to Imoothn~ e checklng.~ 

On the whole, mathemvUc81 checks a.re applicable to lar,.e 

rroUPtt of uni h and hence 8.re not particularly u. ... f'U.l in traublf.l l oca­

tion. ThaT 'Ya.rj in efr"cti veneee with the tyree of fl'l.Uurelltbat e:det. 

but they are quite u8eful for an overall check on aspect. 'lc probl t!m. I t 

16 not necelPar,y to know that the vhol~ com uter 1~ workin~ to be ren80~ 

ably 8ure that the TeBU} tR are correct. f.!athema.t1c ::lcheeke are dhcu.l!~ , 

more tully In reference 60 

In teet check' Ilf;. the refr.ll tP.. obtf\lned froM t.h Ml ution of 

~~flcls.11y de~2['ned rroHema arE> cOIrp€.re4 wi th the knovn an,wers. Tsch-

nlqu9a for de8ir.nln~ ~uch problems ~Jve not yP.t been 11y develoyp.d, 
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.'!he s~veral e;-r'proachAIJ r,;:!" ich h~.ve been BUf,g,!ptf!d are 8.pplleeh~,e onl~1' 

'.m1e1" V~~r rPFtl"loted col1d! tionn. 'the mORt .eveN s)'oJrtel'11l1ne of ,Hll'!'6 

n~ these 1n that they make use of aingle fUnetlon~ in equeneee which 

cannot be pp.r1ormed by tl-.e eorr.T'U tero F.aoh o~ere.tion that the cor~""u.ter 

r ertorma conebte of f,. p redetermined seq,uf)nce of such 1\1 ctlon!!; tlu~ 'Pro-

dCl ~ wi th the fUnct1 ons. Some of the e:'proaehea ...,hi ch do no t surf or 

B.l:'!)fOa.ch (for ufle vi th ~rITI) which 1 n f:ftnp.rnlly arrrltce.l~l f~ to the df'! 19n 

geqUencP lo 

-
h:~ve hp'E'n propoped v}-.icll are Q.u1 te good. but a. colITPletAly sati(lfactc17 

method M .• not yet been tOUDd$14.16,??t 23 In ~ CIU'leS p much more eftl .. 

ciE'nt program@ my bf) obta.ined more eal11y by t'~thod .. other than e H tei-I,. 

FpeeifiO caee. Indeed. tr.iethed. c~ntaln!l e,.p.t'l!'l~s in which de-Pl'.rturCtIil . 

from the ~n"ral tlethod l'>nve been made In the ln~.ere.b ot tirlpllc fty and 

efficiency. In ohort. the propoA~d, m~tbod18 only to hE' U8e¢ vh~ra einpl ·r 
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A largf.IJ amount of' c.ot~led In'o rma.tion a.b('·; t the (ICI1!\'[lUt,Fll' (~':~'l: 
, 

1 req.uired to thorour.hly e::rolRin. me-ny of the ex:mpl .. ~ of thl~ tho"-:1t1 0 

The r a.per would become qu.i te unwS.eldy it ::.11 t hlt\ detall WfJf'C Inclu(l(l'o 

~ch of the In1cY':':'t&ttoll found in fIOm .01' the i'E\:f'e:renc . he. t.mrefc."{J 

be n omlttedo1?t16,19 Ho ever, In order to make th18 :Ptl l er ren,8onnoly 

er.la.n.e.ttona of' the be.dc dementa, followed by ey.A.rrrpl f) to l11uttrnt~ 

tho mannp.r I n vh!ch more c~~~lp.x detntl. can be e~lalned tn t erm. of 

the bc..a1c elell'f'nts. Th ame procedure has been follo\lea tn p.'J'J)le.lfilng 

Projf:'!ct '.'lhl riwlnd at'fJ defin'!d In r~ferftnee 150 -;;ve.ry effort hae be 

made to define f!\lch t~nnl when theT are firet u~ed. Aft a. matter of 

convenhncr., addU10llal special tflnn h~~ve been ado'Pt~d tor Mine of th 

conc8r-h arh1nf-: In checkIng. '1'h~IUt are de11ned when th 'r arc Intro-

dllced and ha,ve been co11ectM for etH!Y reference In A:-'pe dix tTt. Som., 

rut r..nt N.l, ot theee terms l"~"e CI'\If\~ tnto ~h.ndard u IE!I;e at Project 
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';fhirlvind I (and, 1ndo6u, ev~r:Y cOr.1;uter) r.'J.Y b ~hOugbt ot IJ.~ 

he 'ng divided into f~ur main ~et1onal untt~: th~ ~emor.v (or . ~torar-e), 

the oontrol, t he v.rithmeUc elMl"nt, and the lnJUt-olltput dedce (see 

"e. 2) •. The memo!,)" ator-eft t he numerical data. rsq, 1r~d for the 801u.~I-· ~ 

of problmr.., e... well U~ the in9tructtonl (coded int o !lUmftrical fom) ",Meb 

f.Ov~rn the nctunl 8t~pC f probl8rr. l olutiono ~he control tnte~pret~ the 

lnatruct10n I!Dd rJ'Ovld., .. the machine yUh th tJ1 l~.le needed. to perform 

t.hecl. The ar1t.l-lnetic eletnent actual!7 pt'!'t"tonn8 c"rtatn el ~.ntary ul.h­

lneUe opernUons (ad<!l tion, tlubtractSolJ, ,Mfts n.r. mJl1 tipllct. tiOD. and 

The 1nput-ou'r "t dene t the 11nk betw,.. .. n thp. macMne lInn the outdd 

world; 1 t "!';xoovS d~fI thIJ m-c1'-1De wi th ra: data and rp.QAlves the eom-'utf'd 

the ~:-' ch' nee 

Two different devices a. ... e ufp.d fo t' the In-lirnal Ulemol7 of· ~l\';I" 

Theile Hrp tl"l& nlp-no~ nnd . the elftctroeta.tic etort3r.e tub ... The flip­

flop 18 dt"'OUDIBd tn tteotioll 2.111 0 'i' hf9 "ectroAtatic dor~ t Ubp 1, 

011 a dieleetrlc ~aee. The ttnal medel of t~l$ tubA 1, e~ected to 

M.Vf" Q. capc.'l'Uy equivalent to It'24 nip-nope, tl'Au et!.vtng a o('\ndderable 

erncunt of sl=aoeo I til IIpeed of' OP~1'9 tiOD 1ft 14Ctmewha. t 810wer t~W.D tMt of 
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eont r ol contr!ns a 3clClU~'C:U of 'f'U.l~1"8 ~" i eh p. r e, r('lut~". to th' l'~ft of (h~ 

cOrrpll tl"'r In accordnnC!G ~.':;h th~ r-e t Une:!t of pl8c'ronl c 0'd1. tC~9. ~Up 

n O!,8 r rf.) u~~d t o ma.nlrul~t8 t it " mrnbern I n th~ nrSlthmettc tDll ~l'l1~l1t~ A 

r:r~l'. t div~rf'l t1' ()f ft1<tnrna.l equi Y1!lAnt mAY , 'b~ eo!U'octed to t hP. (:011'1"11'&('1'" 

by 1"'tp.t!.n8 of t!H9 inrut-out l'u t el etl'f'!nt. :rh.oto~a:ph1c f 11m h urttc tfld to 

bfll the Mat n extp.rnsl ~ tora.e.~ n"edlum, but 1t wil 1 l-o pOtlsible \c u se 

t'n ,-'1l9t.tc tal'f) r.e well 0 I t 11 expeoted that converfJion de'Vlce ,,11 1 be 

provided 10 th;-t C1\alOg\lfl Inf'o'n'lc;.t!fJD. Ma1 altiO be ~·endl e4." 

~.11 T.he Dallc Features 

, WUt: f' - ~\' erofllTlt lonl, three" bf.:.ltlc .'Elf.:tII8 (1.1"8 u.Sf! d throul':hr.u " 

the co[" ~ uteI'; the fUr-non, the gate tube, '-'I1d thA elec' r onic rivltch. 

Of cour,e, ~l/flerl 0 1'(: !'Irovte! d, wh,'re De d.d to o'te.ln a"pTlt"Oprl a ~ 

de:na.l or lr.-pfildance l.vella 'rhfll nlr:-tl~ ttl 8etumUbl1y n M(tlO!7 d , "aco. 

'r'he r:~', t.e tube it £,. l1onfl.in.g device. \11;1\1£\111' e'r.'ployed to " ~ l'UIe- the c" Jlt.ente 

of c. nlr-... f1op. 'Ii-e d1ectron1c ew1tch 18 whnt 1t, nam 1mr:li"'u a Iti .. 

podt1oll flwitch vttch fJ"'.r~. t8. t\t ht€!'h er .. edl .. 

~.lll ':'hfI ntr-nop 

Tl)~ f'l1'P-~1.0}) h Cl. bS-~tahle circuit c"nsbtinr. of t wo Vll CU1.\lll 

tubee ~ IntArcon"ectpd thrt, at tl.1lY timfll , one if' 1'1l1l1' c ro nductift€ tl.lld 

t1".e oth~r it! c()r.:plp.tely c t off (~~ft :P'ip'e 3)0 -TN! ::>1 lIte !,ohnt1a1 of the 

cut ol'f tub-. i. "hir.bfl (Dr-v;.,!'l,. ecutll t~ thAt t,~1(l.1 e .upTly voltf.l'f!:8), wh.11e 

tl-..... t of thf!' enn'iuctt ng tubeh "lev" (c:'ndderably 1-.8., than th~ d n.tlt 

fluJl'r.ly volt II ., tho dlff.rencfJbfl1ng thlt dJ'OT' in the plate lOtld reeh \tor) ~ 

If' tube A (.ee rt~e 3) 1.~t off, the potential at 'he 0 o~t~t Ie high, 

th::~t r .. t thel out"'ut 18 lov, l:nd VA a: y t}\..ct the nl1'-flOT) cont;; 1r.e O ~ 
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h }- i eh, nnd we flay t h r t the nip-nop c~nt:l11ltl I , or to I"?t. By 

nr~ 11tDf: a pod tlve ~:.tl "e nt an appropr iate 'POint in lts ch-cu1t ( thii 

it fOlT.'(>:rl y cant -lne4 O~ it ",Ul DOW ccntS).i n 1 , or If it f Of1D f'!l"1y contllttl' 

I, it vill now cont.r:.1n O. T1-:h action 18 refer~d to t>. !11 tr1p.f;:"r1ng '01' 

ocndlt1on reg!trc1le ... or l tA ccndttton befor e tbe 1".1.1 "e vs. &"01'114840 The . 

~[f~dl ~ .o or ttl rr~\ ou~c~nt8nt . The flt ~-f1o~ II often repre~eftt~4 

The CI',te tube h a co'i nc i dence dP.y ! ce t U ~ro Idee e.n outr\\i 

If, : ad only tt, two slr,nata oCCQr R1~1'an~u81To lt~ bnslc elem~t 

18 IlRUally a pentode , wi t h one ttf':Jltll be! nt: n:pdled to the control mel, 
the ot.her ~ to th .. ftu ""~reBlOI' Vld (pee Fie. 4). These two O'1dl •• r e bht~H tl 

sufflcler.tly to \l'Ie.lntnln t he tubft O\1t ott even "heft 1'ull elf'Dlll I , e:ppll 

tr ('Ine (~t t:'nly one) 01' t hell o As ment toned atove , U o ~~l' tncl "a1 uu 1. 

lneeneine thf' cont~nt ot n. 1'11 ,. .. nop.. If it ttl d " i r P.d to kn('lw i f the 
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1 ~lde 18 btf:h. the eum- r s aor pot enUal .,,111 'be broue:ht ~bovf) cut-off p 

.,.: te henld to be o,!)en. I f the 1 tittle h 10v, U, 8up- J'e AOOI' will l '8l11ain 

bolo" CIlt-off, Gond no Ottrut is! obtained when the control r;rld t" pull·edo 

The cate i s .n1d to be closed. 'l'hu.a, the prE'senoe of a J.' IlI"'e on the ou\­

pu.t line at the t1me 0' aenaif¥t 'ndlcnt •• that the fi ir.-tlop con-, ains 1, 

whi1. the abt'encft of a r-·l.l~e 6t t ' te tilJlft indlcatell thut 1t eon t:atu 00 

11nta.8 and one outTut ltne, a.a .hown In fie. 4. ",nd 18 a bb r 1at \d ae G'f. 

?113 ~etltoJ't: tiOD -
'Since the fUr-flot', mr.:.)" r(tme.1n In one 'POst tion tnde 'tnt t e. 7, 

it" ou t rllt ~tlk9" on the ch£' rf'cterhttolt ofa n-e e i rnt'l . 'qnth t" t har .. 

Uf'ft d-c CO,l"'Unr ct 1"C'11t!l t th~ ~ehe",e of l>prtdoctAl17 Of' t:'plemM'Hnp, and. 

T'eco,..rl~m"ntlftft the n top-flopa wan adantad to nerr.J t the u". of ,\ ',-C 

cou~tl1i" clreuittt. 'X":tl ec)\elle 11 ca.lled rftstorAtion t'ind the rul'fU' ~'h1cl 

(ex-eept during Ue orerat ton of electl·oete.tio t'tor.:ge) 01 16 I;" 00 IJetw 

t.ho ttr8t 'P'lhe8 01' l\lco8sdve palr~ (t.he rr.eto'I'P.l' lntervnl). The fl\ \1"n1:r 

0' ~'J.l ~ [' a t t' the COTII uteI' 11 lt1'!jpl'~~8(1d cblrlng thflt 1n ftn'al occupied I 

the flil'-flo' ~ contc.in the corrplell'!pnb 01' t he nwnhP.T8 they aTe 1lI.I:ppOtte 

to holdo 

• 
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n ;;: ~). Flflte current f o!" the nlr-nop tubes lIUP t 'pnflo throut'J1 t he diode 

t'lf;.tl"1x and 1Il1 but nne of the rP"h torG (JU ,~"R3, and n4) 0 11'. tor 8X­

atl,!,le, the right b{tnd t1!b-, of .both nlr-nOpe eho .~ld be condu.cti Jl'.gi 

current \itll be. drawn through 'R2. R~t I ,nd 114. 1fo cl1rrent ",111 flow t!'r{)u~t 

;;1 bece.ul"o 1t it con flctAd only to the lAtt.-hn.nd 'ube~. 'f:tus the ul'!'t1r 

!iir;ilarlYt , %l o!itferent liM w111 be placed at a !'Ce1UT9 -rotE-ntisl 'Vtth 

rfl'trr~ot 'to thp otherp for en.cl!. dl:"'fer .. nt cnr,lb1nttt!on of f1 tp.no C"'I',t.e nt 

2.12 Simrle C~~bl~~t~~. 0' PaBlo St2!~! 

~h"re e. e mIlT '!'C).wlble We..~'8 of CCI"M Dhlr: the. bette ote.r(ll'! to 

obtain d-.v'ce8 eSl'ablG of !,pr1'~T1II1Df: the !'uncUontl requtl't'!d In a COr.'lp'olUng 

AUCountere4 combiM.tl · JUI till1 be dhcu •• ed belov. The fI:/tf!bol! us~d 111 

th~ Tar1~u. diagram! ar~ ~latn~d In rl~. 6. 

A collect,on ofn fUn-fio,:-o 10 eupnUnlly a. r.emGry dev1c ca.l>" 

able of' ~tor1~ an n-dir1't bin:·ry rumb.-Z'. ~ NtftlAnflnUy e,pair.n!.ng e,ach 

!llf -no'P to (I. pn'l"tlculfr dip-it c~lumn of lhe DW1!hr, the lIo-e1in~d 

Hr;· ry nip-flop r~2!':ter !It obtain"o Three digit columRI of 0 tyn1.eal 
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reghtp-r, the A.-rcg!" t re I" (A.n), are .how in 1-"1 (!:. 7. ~h.Y'ee A~t. of gll ttl! ' 

tube~ a"'e ~ro'f'lded ilO thJ· t thu numhpl" In the rog1lC! hI' Il'AY be oxnrr.1n0d, 

t~e nu~~er In the A-ree1fter to the Accumulutor COT05, when the an d line 

1~ rul~ed). while th@ other let trnn,fer. t~1. nwMb~r t~ the ft~~. (GT02. 

\\-hen the re.t..cf .... 01lt line Ie pullled) 0 The bu. 1!liIY b.- connected to any of several 

unl til. The Ret on the 0 tide fa utledtoobta1n the "nh .... comp181tP-lltSl 

of the nl11ftbpr (obtained by rerltLe1nc each 0 by 1 lind p..ch l ' by 0 , Be 

Ii. T.endlx X) for us:e In tJUbtrllotion (G'l'04, when t.he mbtract Hne it! pul"fl(1). 

'Ihe reT\d-1n snte tubQe (G'!'Ol) ge"8 "'. 81fl tohe! t~r{lugh wUch the ws 

1\'\ ' Y hI!! COD' ectP.dto the In ' ut of the A.-rftcbter vh3n 11 rntll11': nif1\8.1 t. 

nrrl led. It m1ght b" rftl!!8.rkodth ~· t the ntn-flo"s tu",oeh·tecl with the 

elfICtJ"()nJ e svi teh In rea11ty form a btnary .... etf'lter. 

? .1?2 'l'twl Sri fUnG '~erbtftr. 

tent. p.lther \('1 thp. lett ort~ tm neht 18 ce118d a ''"1ttI01; re«itltnr . 

~hrpe ~tr't eolumn& ot n ty-lenl ~~lrtlng TAg~~tprt the ~regi~tpr (DR). 

f:.Tf'I .. hewn 1n Fi!"'. f'.. Tho tael11ty to "ritt t.he c""ntflnt of' eaal dlp,!t 

colurn one dlr~t.column t,('I thfl llltt h :prondec! by r.T04 and 0'l'05. 'I'he 

faoillty fer 8~lft.tng rt J"~t h ~rond.d by GT06 end 01'07. '1'h9 I!\eohanhm 

ot8~1fttn~ 18 quite 81~leo Con.ider .~ttt lett. tt a portlcula~ dl(.tt 

colWltn eontdnl 1, a. puls8 vill a~7'ea.r on the out~"l1t of' GT04 when tho 



bad cnntrdnfld 0, a 'Pulu lfould IDye bAen obtained on the ol1t1'at of C',f.!); 

C1n~'9D.d of aTct~) which 1010\114 c18hi" the fllr-"1.o"!'} t.o .. he left. Ht"ll~f?, I 

t he contjll)nt of the erig 'ns,l dl~t colur.:n wolll d a:-T'uer in thp. neyt diet \ 

columns t,t each end of tru. reghter. 

~ .1~3 The lilna.J'l AdC\fr· 

A.ll art tbn~Uc proceu~e ttl WWI eve pertf'1'1:Ioo. a " A cOMbinaUon 
. 

ot artditfone I.l M e,,1fh. The de.lc~ which pprtOJ'M8 thfO add!tfontJ in w:-It 

of l.!. nut'lter ot or-larA.Hona other than addition, but ve will only nl ,eU8\l 

it c..~ s b nary add~r. Condde'r only Trot 1 n the OOIUM labelod .Cl5 

(partial e' ) elM IT02 !n t he colwnn 1 ... b9104 AC14 (cnrr-y) . Only r,·T06 

of :.Cl5 (p.')rt1al OUJft) ~d CT1~ of AC14 (car17) nr~ of intfOJ'p.8t. :'lr1lt 

1 "t ,)9 "":.""n thll btJ\l'r~ addition te.ble: 

o 0 1 1 
+0 "'1 'to . ...1 
0" ,. -0 iO 

, 
A~ h to bfl addedtn it. r.nly one dl€1t colwnn vHI ha cU9C1la8.4 (.\C15); 

the MJt.ft procefl'. tak08 ph'.ce 1l1J:':1l1taneell~17 In each digit ~lWnn. When 

t.he n,; d e-~ to tubol of AR are rIll "ed, the l'lUIIMr will n:t" A~. r on the linee 

lu.bel8Cl "fJ"am AR". A.tI~WIle AC15 (~1'O1) ct)nt~~tn9 0 ln1ttlilll. . If t.he 

•. 
no ch~& oeCllr. uDd. "''fOl cantim"",, t,. c n ta1n 0. a.. it t!\ ould . If the 

• 
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to (;'1'06. but it will find OTo6 clOtled. Aftar u .• 1lt~\ df;ll a,f. t ht"l r.u.lt\e 

wll 1 be np--Ueet to the trief-",r 1 nr:u\ ot TFOl cnust ng it t o Chhnd! 1 h 

ennt ent t o 1 . Thu~ the correct r~~ult 1~ al~o obtain f or th's ca~a. 

Nov a~9UJIle tht~.t ACl5 ( !i''II'()1 ) cont n1ned 1 lni tia11 7 . lr th~ rwnb~r b91.ng 

added in 18 O. DO ch:l.n.""8 occu.rl'; Fro1 conbDl"~ to contain 1 t a ft it 9ho~ 140 
-

If' the IlUlI'bel' belnc a.d dect 1 n 111 1. the rul"4! w111 f i nd ()T06 o'Pen nnd will 

proce~ to tlet m? of A014. After a. Upt delay, t he pul ~ e wU 1 trlr:p:er 

~l ot . Clt; to O. TH II, aga1n h the co M"ftct relUl t, 1 . e . , the awn 1 ~ 

0, vi th 1 to car!7. 'Ih .. carl7 18 8ubieq,uenUr added 1n t o thn next 

dir,i t column by a'PP11i1ll.: tl JUl"e to the co."7 1 tne. Ttb u tte. G'll 2 to 

aRnle thR CB.I'!'F flip-nor- (no?). ':''.-h ~econd M.d1t1on r.'~' nl«o re~lt 

HowtWer, 

The met ' od utilize. 0'1'05 aDd 11 called the hlgh-pneed carl7. tt v l11 

? .1?4 The Jj ' nary COl1ntel" 

'~h~ l'hnry · ct'lunt.er 11\ .,u ~ ·t what it. nllJne 1111l'11p.tu I t count. 

blnnl"Y cnl1ntnr, the ProgrDr.t Oountel" (PC), h'"ytllg A I"artmwn eapnelty n1 

ro4s, Ie ehovn In 1lr.. 100 Att.-wning ft r.: cr. f1 'l'-fio'P 1~ Inltiall~ elA.'.r, 

· ·vc Inrut put!e. m_t bt' aroplted to any nlJ1-noJ:' 1n orcer to obta.11l 

811 out~t '!"\ul~e trol!l the a_.oci~tttc1 M'05. Tbut, two Ol1t r·ut ~\Jl~e. a!'e 

rf''' Jl red from p06 in order to obtai D an outT11t r.u1tt .. f'r01Jl PC;. n 1 s , 

In turn, require_ four rul~ee troll pe1, wtt1ch In turn, reQi.l i reR .. tidlt . 



( 

Report R-177 

of tVel for e' ch 11 ir-floT' de.F."'&o The JlQ.m08'1' of 'ru.lsf'l!9 the C011llt .... r 1""18. 

r~~c~tved t~ ind1ce.ted e. t aDT til". by the content" of ~hf) fltp ... f} {lPU J r eI5 
o . i . ' . 10 

f.:iv tng the 2 digit, 1'014, the? digit. Gt.e. ,,,Uh PC5 r,tvtn,: the 2 

di~' o' I t Sa ~oAolble to ~~elot this eount~ that th~ overflow r~~e 

ot courso). 

tury ,t.epa t n prop~r tilne ,equftnoe 1-n order to bu.! I d UT.' a. me~" cor:pl.ex 

operation. Thu. if w hi"ve e. u-ppll 0' Ur:l1ne 'Pu.1R~ •• we want t,bfj fl fit 

t::h c("n'f"orfd on troT." a t Hnt! dhtrUut10n to ;J "!!Ie end ~:P&.C8 dhtrl but:ton·. 

It 1.1 e. o(lr.lb1nt"tl ~n of Rbi n,..17 cruntfl!l" and an eleotrod.c switch (ge& 

of tl':.p cCluntAr. '!hn lnT'at ""'111"8, 1n addition to !,~rfo,""lng th6 cl"J.nting, 

emer~"B on thIJ selected 1 tne. ?:h9r~ h no need for thtl! o'f'orfio" pu be 

In t b t~;~ ot ope!"8.tl on 81) th:t J.lO rro'fldon h:J tl been. r."Ade fo r n. 

2.13 The S7.tea 

~ .+'cmewrot !!lore det.eUf'!d block dtagJ'eJ!'l of WI o.~. (Ill'.rtI tn Hr. 1'" 

Th(ll i ntfltrcor:nect1"Dt'I among the- vurioufl! un118 arA e"'oVD in detail. A 

prp~ent an i nstruotion or £;ft . 0\u...'\1 ftumertCtu vAlue. Word. ll.'!"8 trNlt!ffOlrred 

. frot' one part of th~ f!Y''5rerr. to another via a. let ot 16 cab].,8 y'ol ch r re 
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conI' ctod to tho nn1 h via gn te tu t'-e. • All <1 tgi t aT" · tl!8.nr<ferl' " 1I:!r;1Q. ... 

taneouGly (pa.ralle1 dig! t tll'Anen'hs1on) with a fepa.rate oabh be ing 1/'(1-

cu.!:ed tor eu.cho A. vord letra.n.lJnl tted to the hl.f; from P.. parUcu ~:r ~,J11 t 

by p,lletng it. rE":>..d.-out (i':!,.te tut~.. t\. word wMch 18 on thf> tue will llf) 

trane~ittp.d to anyuni~ whose read-In ~te tu~~. nre open. Another ~~t 

ot 16 cablrw (the "check 00.1") 19 provided e8 e. mltl'!'1D cheek on t ho 

tUft. By a suit~llle arrangeDlent of the tliltne. it it po c1 b1 ... to check: 

Centrnl Control . -
Central control cont"t.lnl mort ot thp Iud.+. wMoh "T'@ UtH"C. ttl 

lntorp~' the In8t~ctt on~ tOr th~ solution of' a problem (.ee ligo 13) . 

It alBa enntrtine a 80urce or rul«1A8 w'" leh eventua117 beeODltl corrme.lldll o 

The mt-tF!tpr cloCk 8uwl1e, these ~:J.l ~~ 1n vnrlou~ torms. The b9.ltC 00.1 tie 

.. O.lrce 111 the 'Put ~e renerator vhI eh IUJ)'Plle.. 1-.1 gb-trp.ftuenq clock rut el 

(HfCP) at 6 ? me. r: t. nnd 10v-trequ.-llC7 c1ockpu.lsee (U'OF) fl.' a 1 • 

r~te. The frequp nc7 divider I, us~d In conJunc,tton with th~ rp.~torAr­

pu19~ t,ftnc'l'ator (prO) to ",norat. the rP"torer -CultH·S. C1o'ek-'P·.tl~e control 

( ere) det~rr.lnfl~ vHeh pub.,. ",n1 be 8Uppl1e4 to th~ remainder of thl\ 

e0'Y'u.tf!J' dl1rl~ .uch U~fI~ F.-a ~1'toretton and the op~rat1oll of tsn (IUx!-

11; -. 1"1 control. The ayncr..ronher provides single pul8~. at tM t.:'ontrol 

of a tY,lflh butt.on. 'nUt hulk ()t thp. operations nrf>carried. out by tho 

(the lntp.rvnl 18 lOllf.'er during r t"!'l torntioll a.nd the o"erat~ol1 of an 8U7.111e.t·y 

control). The". 1'u,1J1e8 are l>l'OT1ded b)' thp. thie-rullle d1 triNtor ('rn» 
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(lee tftctton 2.1:>5). 'rho program COIlntel' (Fe) h the deTico w!iich co1'ltc-l.iJ \1 

thn lO~Ilt1on of t.h" nen tnr.tJ"UCUon to \ ' (11 pfJrfonnqd. TtH~ control IIvI teh 

(cs ) det~~inec w~tch or~Tatlonte to 'e ~~rfo~ed b1 ;ene gi~t ne th~ 

a.p ' ropr!:: t e line of the control t'ltltJ'ix (c~). ~8.ah 1! ot toM control 

matrix o~enB certain gato tubol (control r-ul~~ out~ut un1 g)o ~ach of 

ther~ p,ate tubeA 11 Benled on a. cf}r~\h1 ttme T)uhe (tn sOUle caee!, on 

two time pulree). ~he rulael w~lch ~PTgo trom t~~P8 gata tube~ are the 

command 0 ~8 b7 letttne th~ control 8vltch toa ~tven ~o_ltton. t he 

8equnnc'" of cOIM!IWlderequtred to 'PArfortll the oper.,ti · ndeterrnl»ed by 

tht.t pol'll tioD 1 St obtained. A different sequencoe of cClf:'IH:\ndfJ h obt.lr.ed 

t:.' ch: nc1DG th(' c("lntenh of the control .witch. The f."'6rrun ree1r car 

(r ··) 18. a tufft:>r re ·'1.!" tpZ' w~l eh ge"e~ two dlf1p.1"@nt ~rpOflfl>.. to t.o 

dU~OI.18Red in 880UOfJ" ~.137 lind 2.;>1. Stor: r"'e flelect10n control \\·111 

be dtecus~8d 1n peot1cn?137. 

~.132 Tep-t StoT~~e 

i-art of' th .. memor,r of ~':'\\1 eon!'! f!t of 5 fllp-fi07" ree;t .. tpn t'.nd. 

':>7 tCf'("le.,,,Uch Z'eg!'" tf> r t\ (ench c3'Pahlo at holding n \IOt'"4) 0 7h"'!le re­

-f,htpr(l o.rf-' kJ'Hivn UI tP-!'It dor. (~). The 5 n!r.,fJ.a~ og1~hn'''~' 

receive and tmlltlr.1t word_, w.t t,he '-7 toggl....:."Uch reg!!f toer" can only 

trl' Ill' It vorde. A owttch ~Rt ba nv.nlld.lly opC're.t cl in orde1" to ohtm£:o 

th~ conten's af a tot.;~e-svttch reghteZ'. TM refilters of te~t fltON~f';f'I 

arp numb·-red troll! 0 to 31; the mml:'er aulc;nod tc & J;e.rtSeulll.T l"flghtf'r 

18 cnlled the addreett of thp. '!'agiRter. The fU'P-fiop Jrer:iFtere 1lJ~ be 

8.u1CnP-d to c.ny deli red addZ'p.1U\ by ch'l,~lllB cablee. A. 3~,...pod t!on 

8wl toh called the tp.st storn.r.a _vi t('~ l' (T!)S) detprmineo the r~6'htp.r ~ 

w!'ich the t:' ~c}-Ine h1.~o acce8C. If thr. eOf'r':-lld fJto~f;e T'p~.d-(1ut 1r p;hen. 
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t. the ~mber contai ned in th~ tOl"ere, olili t eh .. Thfl comJiMl.lld 

'Ifi ll "1-(1 9. 'WOrd into t.he r eghl,er WOOf-ft addre f' i £ in . th8 fltorn~, ;,,,'Ucb 

(i f it han , ono to be e. to{,,)!:le-tl Itch X'eg1 ~ter. thP. 1'8; d-ln n rocp. lI p. e:·, MOt 

tcke pl llca) • 

2.133 A.rt thrn8t i c ~4emen\ 

The arttlmle Uc elmnf'nt (A.t) 1 ,how 1n F1~ . l l~. 'th e- nUmbf>lr8 

are I!'lantf ulnted tn the A .. regi~t"r. the regie t er. f:nd thf! ACCWI'IU.lakJ' , 

wHch haT , bP.flln cu'lIcu •• ed ·I n "fICtione t>.121. :>. l??, 1' ~ ? 1 ~3 , re~'P~(lUvelr. 

than c~ n be pro.,lded wi t h the p.i#-':ht time-p\l1t'AP nvnU o.ble from cent ll"l' l 

utl"d 8~ nil aurt J h\.1"7 control to 'Provide the •• cOr."!''8.nd tJ . One of' t he 

cornN1nd~ nrevlded 'by th~ oontJ"01 lI\A.trix on {IIuch (m p.l"~ tiong t 8 .!.~ !tl,.2.£!i, 

vht ch 18 ~p.nt to clock-pu]. R~ co 'trDl and .top" the ,,~:p!,ly of 'Pul i2t!fl 0 

the Ume-pul "-e did" butor. A.t the ltaDIfl time a. oommand 18 ,ent to 

arithmetic control w}-.lch ~rrmlh it to COr.lJ!'enco 0~eJ'<.tt 0n. ~:t ther t !CF 

of' ' }{Fe!' (depending on the ('Iperatic:n) are utaed t o ca r ry cu,t thfllt8 o.rHh-

which f~rrnits th~ time-pul 88 to re~urne 1~ Rent to clock-pul~e cont~l 

by '.rUhr.eUc control .. 

:prer.ont~t1(\n. '!'hA!.'e are ex~lCl,tned 1n Arnf9ndl:.r I. The USlP. of tho Iinl1'1ftl'l-

cOr."T'lement" to rpl'r"Psent A.ner.at1vp. nW!'lb'!lr mea.n~ tht.t thfl ner;n.tt ve -7 

of a rod t 1ve nwnber l' 18 actually repr",,@nt.m by ?_Y_2- 15 in tH B r -r",ch1ne. 
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I.round oa.rry ie prb ... ld 4. SriittngpulUoUcaUoll, nnd divldon :5r~ 

qll.i t~ C('II!!r.1i CD tad fo r neg;U ve ,..b9rfl 11 tM tlninea- . """Plemp nt" is 

, be oarrried Ollt for the pollUve me.t'.Il.1tud.efJ of t.he mutben involved 

11 to hl:.ve the t8.0111 t1 ot u81n« tvo wor4 to TG'Pl" •• ent e d01ble-l~ngth 

numbl'J1' 0 'the ,,';dition of' the lees; .t rntficnnt hal vetl of two numb~r8 

the c~r'Tu tp.1' haa bften 'X'ct'!eded. When l'uch a attulltif)n t'CCUrtt. th~ 

IpftclRl-a1d remory and ov~r110Y will uar~lY nn clnrm . 1enal which can 
\ 

tiOD to th" o'--arn.tor.. A dmi1ar dtuution can OCCt11' tn the divide opera ... 

tion if the d1vtden d 1m ~,.~ater thnn the d ~Y1gor. The 41 ... 14. erro l" 

19 uf!ed to provide an I ndica.tion of th!f! f:'ituA.ttoll .. 

2.134 In' ut-Out~ut ~18m~n' 

A block di8,g1!'8ll ot the tn~t-outvut element is ~how 1n II,;. 15 , 

";ord8 e.r-e tftUlfitarw:-ed bet" •• n the in-out res1f!t-:er c..M the 8)1't@1'Ml Qui p.. 

ment On COJnr"ande supplied by the extprnal "r'lu1:pl'lent . When quch ata-anof9t" 

19 to take pl ca, the OM" D.nd atop cloc!!: 19 ~flnt to cloek •• '!1U1~p control. 

"ren the trl!lll'fer hi conl"lp.ted, an in-out control end-cr.rry ~ul~e 11t lent 
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?135 ~tlt-In CheckiD! 

It VB. mentioned in &ecti~~ ?13 tbat thA chock ~R bee be~n 

"'r'OYlded to ch~ck OD. the tranp-fp!,. olvord, ViA thl.! bu~. 'l'he cb.sek I'lL. ... 

. . 
tsllter 19 lJ~ftd to conpsre thi> 'fo1trde trnllsmi tted 'by both b,i .8~ \the!! &, 

vorc.\ h traJ1Slferred fro", un1 t A. to 11n1 t ' ~v1a thfl blUl t it t \III ttl f:!O tl"f),ns­

terred. trom u:n1t 4~ to 'the tntre!' 1nr\1 ~ fJ of' the> cbeck regist@lI' via the 

,the bu • ., No provh1on 1 $ r:tide tor cu.rries.. If the '1110 wl)rds are t lw 

"&rile,· the chftck registe r will oonto.ln 00 The gate tub., .. on the 1 .1d B 

' of the 111p·,.:lopI nr'e ~"n8ed. It llJ)7 ot the nlp-fioT's e~r.tl;.in.l,l , lJl 

cut ' ut r ll~e hobta1na4. THa Ollt'P'lt JHIM is gent to t he ala.mhl-» 

dlcator and is also \1tt~d tt'. "top thp. ~u~plT of pulflp. tl to th& COr,\Tute)'­

(with the e~cept1on of re~torer .. pulf!e8 end the 'PUbA S I'Ocl'J..1r"'C1 for elect!'C ... 

etatic e'toraga) 0 The {llarm tn11ea.\or provtda9 ",' eunl and mrBl ! nd1ca-

~.136 Te~t~ontro! 

The o(P8Y'p:-tion of tbp. eClm'utel' hi e~ntroll ftd by a. I'IWDt:OI' of 

pIleh buttons loc:,tecl tn te~t controL '<Ii tr. thet:e pusb buttOM and !!In 6 



torFle sv1tehea. it 1& p08~ibl0 to set Q~ anT i ni t ial condlt inn& th~ t 

may be I'oflu tred toop pl'nte th0 COfin:,ut~r . A .1Illtl ~ st t!l'j'l of th" !} Ot.l l!:ft 

can be nprfoT'rned usinr another ~~h buttOlllo TI't~t aqU;, 'i-'ltlflnt h 1'H:{;<r',.,Jljt;, 

to ~et u"o 8(')me l\N~cl al oneraUne: c ond1tlo:·! t.ht.!.t Ek"!.ve been f (",\1M :.I ~3:f\1l 

for te~t1Jlf; pt.lrr.oeel .. 

?137 ~lectro8tntl 0 Stor" e 

The bulk of the memoJ7 of ~~I ",nl be p rovi ded by electro ... 

• taUc 8 tor~r:e tll"hel (:·;C;T). It 19 ulUr.:ate17 exp<tct ,.,d tCI have e. 01:\_. ' .... 

city of 2048 wordt. I t h convenhnt to t.hink of electro~tat1c 9tO!'~ 

(~S) at telng made U'C> of rer.t ~tel'6 havln« addl'en" , ra.n,;t ngfl'O~ 0 to 

?047o Stor;.~ 881ectlon control dete~lne. vh.thAr ~s 01' TS 1. t o be 

used. If bot.h are ut r d simultaneously. the nrldrr~"~8 from 0 to 31 mugt 

te af:deft@d to 15 "'hUe th~ o. rl drt.!tltIIPltt from 32 tt" ?()47 mlut b~ a~ pi p-ned 

to '·~S . Tl".e ~ro".am re f"btPlI' h 'Clf'ed a8 a bllffer 1>.,"'8.0 i<;$ tt nd t hA re't!t 

of' thp. co ,"~ uhl". ,\Ot~n 8. tJ'Ord 18 trnn~fft1"red to '·:5 t t 18 a.ctulllly tranEl­

:re~d to t h~ prog2"lU!'! :f' AP:h.ter; A Nbe .. "llent eO!ll~ And. '~ S nUt. will .~op 

. the 9u.r~ly .01' th'le-pul <If!!!1 . nd 'f"P,torer-rnl !les ~M wU 1 9tn,rt el.ctrotl " o.t~ (j 

,tol'·r.e control (f:~C)o The wOl"d in ~P.wlll bft tr.:>-nttferrtlc1 to the J:0s1 ... 

tion 1n ··:s cor)"ftllroncHng to thA addr n tll9 contdMc1 in the ,,~s decoder ( ~;S 1) 

(It is 81mll' r 1n funotton to TS4), but it ta not a switch,) under the 

centrol of ;': C::C . Afhr tl'l p tl'tlnflter ha.l been c~rrpl~tod , lln "ESO end-

cnr:ry 11 eent to cpe w'· lch will peft'U ttift IUTlP17 of t1me-'?Ul~es and 

l'e8torel"-~ 'J.l~pl:'I to btl r8~um.do 

~o~ ~ch'ne Cyclo 

The rnrtcu, of time re~\11I'cd to fi 11 the CC' D.llter of the T:rU 



1 
\. 

cycle. D.1r1ng t.hh period, the COf:'1lu ~p,r performs Ol!lP operation ~.nd !'lll"O" 

The j:\erlof:t of' cOf"'IT1?.nde nece.~e.ry to 8ne.bl e the (lOtr u te~ to pzoo-

YOJ" C~Dt'en18DCe, a eepn.rate 11M of the control ~.&.tr1.x t IJ "J. ed. to glJtilt 

to the Tlrogl'tU!l Umlnf; 11ne" Thole which a'"8 not conrected to thle Uno; 

are nevertheleu conneoted to tt'Olle gate tubea which proY1411 the oomrnsnde 

.8penttal to le~uenclng. Prol:t"am U."ID£ '01"OyldAfI poce add1 t.tonal COll'!MaMO 

wt.lch l ~ . l'P. cOr.r,lon \0 ne l l"17 all Op8rl".t1on. (thp.!'e a rid! tlonal eornma.n(is 'dO 

J'JOt ln~erfer. with I)ny f the Op8Totton. vHch do not TMul re them) 0 He 

nequenclng. SOlre of tha cor" · :·.ndl ere concerned wi th check~lDt: the transfer -

by use or tho check re«l~. 

On tlme-p.ll ~@I! ? ('I'll?). the conr'e-ndtl PC read out ~lI1d S5 reed In 

are r:1von. 110th TSS and I,:~D ,,:ill rec.iYe the c.ddM"ft contr'ln8d In Ie , 

hut C)~C td11 detp.ft'ine"hethp.r TS or 7S it URfild. In order for the rend . 
In tl" rive the co '" eot J'PStul t, both IJ:C;S aDd F.C!T> JI'Q" t bft 01 Aar. T}-itI will 

MY8 been aceoP"1t')lhhed by th .. co"'·und C)S oleu' on 'IF1. On tP4,the word 

cr.n·: ; ln~ at th .. oddrl'8~ "pecitlecl b7 rc 1, transferred to FR. THe 

trond'"r 1 It direct If ~s 11 ueed. but reQui!'tt1 the c(ll9\I"'p.Jld rp. re·!\d tn 

It' ':'S h used. 'lT4nl~o cleEl.r. OS nthr 8. l/*:> ", •• c. detAT.. '1'1'"18 energizes 

the Une w"lep control_ the E! 01'8ration. T!1. opera.tion doe. not ~aTe 

" I. 
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Q~. "pad l!lo end 55 1' r.<ad Lit are ~hen on TP5 of' !1. 'l'M:fl l'esl.Uh in 1;3 

being ~(.It UT" t ... p~rform the oura.tlon ilPflclt'0d At the add:t'el~!lI "Hch wos 

operand ,,11 1 be availabl.e f!'Or.! ~tol'!!. · eo 'I'hp co1fl1"'~ndl ~efJ1I96.ry to 'Pf'l'fnm 

t.he pnrtic:.l'~oper(~ t1 rin are obtained l't.artiDe with 'l1"60 l'ne.ol:l\lch l ltl OS 

· 1 wU 1 nnt. bfI! chWlged until TP4j- of the next 1T't".el': Ille cycl e t H h :PO()~t i 10 

to u!!e '!'rt to TTl! for obhln1n« the~e oor.T!"tm~tlo On TT'7 of rf'Ogr-un~ UD'li Uf:9 

h 1'rovtded b7 (\. tlp f!ci rJ. o~e"'at' on, "ubTlrO~(:JII (W 0 'tho JlJ? o,!"PI':i.t1011 

chan 88 th .. cC'lntent8 of :r~ to tht!t IIIImber ''Peclfied tn it" ::~dtir~u seotion .. 

An additional opt'1'n t10D ~ conditlonnl 'Progr.~rt (S!2,) vri ch lYIaY: ~ wch a. Ch8.l1gCl' 

eori;~i tiC'nal Ufon the d ·'11 of the nwnt-e r cnnkJ.ne4 In AC h f thp. llWIlber 

the III chine to chooe. 1 ttl own e~put!ng I'O\lUI16 Oil the bade of tht" rCflul t~1 

of ,o~e corrutatloDo 

oneration ttt1tne. Ae an eX8J'ople, op('~:. tl('.!n tilling fC'r !£. 'trill be dl ~C\lBsecL 

'!'he addrpf!S eont a1 r~ed in PC at TP7, indiCAting th~ rfll"ht ~I' cnnbj n!ng 
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th" iniltL"Uct1on 1:Thich vould ordinarily follott, Ie tl'anl!! f~Y'l::,ed to An. t 

on '1'1'6. On '!PS, the co!lItlanciD t9 .resd ou~ and ~ re8~ U! tn-.Jl'il d'N· tHf. 
o 

addrflM to A~ • . On TF8 J. t? (r,pf delayed by 1/2 1.;1'80.). r c tI cl eared. 

'The 1'.ddr~l.\p ~peclfl ed in the sn inatruction 18 f:!Ull conts. ned. in FR -
Pf? rp; ' d out G.nd FC l"ftl\d in tnnllf'f"r thft de81red addreB~ tf' 'foC. 1'1'11 
------~~. ---
addrePfi 111111 be r{>E:.d oui: of Fe to SC; on TP::>. thu~ thA ne~t 1nRtruotioll 

"'ill b~ obtained from th~ a~d1'P.fl9 ~'Peclfte4 in the .!Eo lnfttruotioDo 

::>.3 frcgrCJrlr.11Dfj and CO (U !!£ 

The hnn r'1'Og'tP..Jm.!llng Ie u~p.d in a g.-nAr; 1 "en@c ,,0 indica.tv 

thfil Tlreop.u l:.y w' lcl'l a. !-'roblem t. ~r~~.re4 101' llO'lutlon b7 t~ cor.nuter. 

'Problem 18 !!tl:ted in t~rmR of opAratione vHoh the COIll Ufe pertorllso 

' ben n probl elll hI; .• been 'Put In thh fonn, it is re1p.rred to ae a cod.ed 

prOgl"UI. ··:e shell be Inllinly concerned \-/lth coding In thh the!\tso A more 

detun ed dheun10n of (.!oding for "'-'WI may be rnuDd tn r etfl .ence 16. It, 

COI'!'~~~ ct !Jumr:a.!7 of the ha.do inf('rm~t1on hliS be"n included In thi~ the.h 

8.9 Appendix I. 

::> 031 NOlllencl a.tare 

","e !"bVP pZ'8viouely defined the term word c .• n lWig1t b1 nr..ry . --.. . . 

mmbp.r. If thf' word If4 interpreted nil tl.n inlltNction. the ftr~t (lott ... 

'hand) '5 dtl!'1t~ o.rA the codftd rftpre!"ent,ltion of thftoJ)f'ruUon to b<> 'Per ... 
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mo~ t caeep, the h.~t 1:. algi ttl Ind 1cl~te thH addres!-'l o~ th~~ (> ~ ··l'El.nd.o 

','{hen TS 19 \ued~ only ~he 1.,\lt 5 dlr,1. ts ~peeif'7 the Il.ddl"e3t'h WhGn iht:> 

cpe·ration code ~ec1f1\j3 F.I. ~h.tft~ the laG~ 5 dlg1.t~ !n . !ea ~C!le 1.ts tJ;ttin~( 

for convonlencp in wr1t1 ng code., two-lf!U8t' abhr '11. €. t'Ol'1fJ 11 ... e b.ofllrl 

adopted for e<;.ch o!-,p.re.t1on (e.g •• ~ .2R,. tl..t it!.. etc.) a Another con­

venient DOtat1on 18 r:C(x), wMch 1.ndicatft. the addrep!, of the rfF'i!;>t"'J' 

contcin1ng xo The I:~bol OR (y) ln~ lc~ te. the content~ o. the reg1~ter 

wrOBe Ilddrefl l 19 y. Thuft. the combl l18.ti"n of' t"nb<'ll, cn. nc(x) repY'~"'f'nt6 

an inltrucUoll which Id 1.1 tranAfp.r thp ct'l ntenh of' th1! t>torf.1.g-e 1't'\l¢ !'tel." 

contetnlne: x to the accWIlulntoro Of' courle, "t if! necettptl-ry to IUrl!!gn 

e a~eclr1c addr8ftP tCl t he re~trter cl"D t E!1nlng x bftf'ore thft inotrllction 

CB.n t·e uted 1n the eom~\1 tero If,. Wf'rf.t put 1n rftgh "er 3 , trh in t.ru.e .. 

tit"n W"'uld bA v1"tttf.tn ceo 31. In the mac" tne, tHe YO 1d u:ret-r' e.e 

1000000000011111 (10(,00 18 the eGde fOJ" !!.> 0 

The com~·ut .. r d18 t1 1'1f,U'lh~. bp.tween a word URfIId. n.~ an instruo­

tion u.nd a uord ufted ait a Ilwn~r on the ba.1R of the thiS 1n th~ 11'" chine 

cycle a.t whi ch thh nwnter i 8 t1"aD.ttf'flrred trt'M f!toJ"~ ';'eo ;tt it t e t rang .. 

ft>rred on TP!.J and '1'P5 (via. th.e !>l'Ogralll r ec:htp. r). U ,.·Ulbf/ tree. t ~d q~ 

t'J.n ln6tNct.1on. At an,. othpr tilte. it w111 le tr~u~tpd n8 a nwnhAr. ThUll : 

it 18 pOBd hIe to 1Mn1~111 · te an tnetruction ae t· eue;h it \fflre a nu.mbaro 

tlldeed, It ita a VAry com! on Tll'llctSce to do ju~t th!·tln pll"OgJ'NIIr'I1ne (~30, . 

for exerple ~ reterence 3) 0 

:>.32 'lhe 2Perlttiona 

'l he oreratiC'nl wh1.ch hi VI!! been accepted for pnnnnnent U!'8 In 

WIllI are lhted In t\":'1)f~nf1.1x I 0 A. brief de!'or1ptioll of p.Lch h included 
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~1shed by o. tvo-lett~r codo in wh!ch the fl T'Pt 1flUGr h Q. On~ ~'if 

thp.",~, .as. (check), wn1 be uflp.d very trf"o.uftntly i n thhi 'U'.efllo. 1t 

with tht" contftnh of the aceumulator o The c(lM')Hrholll :h c:a.I'lI'ied out 

in the ch~ck regbter In a. Il'Clnner very d"l~E1r to ChACkinp of th ... bu. 

tran!fpr, (,ee .~otion ?135). An alarm 1s obta1nad if the worde do n~t 

ve.,.~' likp,ly th: t it vl1l hI mad. II pennanent OPf)'CLtiOIl .. 
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3 - DI ~CUSSI('.N OF rJl.n.tJr:r~S 
~~-.-;.~~ 

ClauU"1cnt1on of railures 
~- .. .,... '», ----. . 

'Sc.ch AtD,f:() in the compu.ter mURt ~t'J'form c8;r'ta i D ol&8.1'ly dl{t f'in lz'\., 

tors. The fl~ factor~ gp.nerally vary with time In an 1 '''rElgular fatlh10rrla 

the statUE! of all theflE" factors at a pe.rtic111ar l.ntltnnt \rIll dC!lt ~t'1l'IiZle 

whether the staD' C~-I.Il 'Pf'rfol"1l'l one of ita fUnotiono nt thnt InstMtn A. 

durlne: a. checking procea! it w111 f1C'1t b~ detAct~d. ThueJ , th~ natu.re of 

the facto r s CQu9iD(': fal1uTp., t'..nd the degrfto to wl-1ch th(lY er..n 'he cnntroll 'sd 

11 
exe" an imrortant influence on the procl"~ of error det.~ct1ono It in 

helr:ful tr clal'.lfy faUure .. e.ecordlnp: to Q sehm~ vl'l eh indlcat c~ t ..... 1·, 

influence. 

An irreverd'hle ch.tt~ in one or more fB.ctor~ wqch rendor a 

otr.'""fII -P "J'Jrlanently inel),p~,He of 'Pf'rfonning a functi(ln it cc11ed a ~t~~ ~<~ 

state fal1uroo
11 The !tDfe wil l e~nslstently yield t t~ fam~ incorr90t 

open cable; it can nev~r tnJn~~lt a pul~e. ROWp.T~r. it mupt not be con-

eluded ttHt 8. pennanentfailure of ll. cC'l!l-ponent h neC88Garlly a @tel'.l.d7-

ett:tf'e fanur~ of the ,tare. If 8. r.~1Ptor uflPd to t~J'l:l1n~, te !-: cllble 

p.lou~d become O!)<lm, a d1~torted pu199 vavefortJI wollld re- r ll1t , lJl'hsth8t" thh 

will cause a fa.nur~ depend e on several other factor. v~1eh ner--d T'Ot el o;a,~8 

be a.nfn.v'ore.He. 
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Clogely akin to th~ ~teady-state f l'l.UUTfIJ, th(>u,.h 9~mc!lWlw.t ~r~ 

21 
uubUe in itA eftpct, 1A the dYl'lM'ic faqu~. The d~eUr,\f.Uhhlng !e,o~r 

~ulp.p. o I f t here Is not 8u.ffici~nt time t~r it to iecrergp. b~tween 8UC~ 

cf!lul ve 1'u1111" , the chm'go w111 continue to build :rc' o The 8mT'll1tude of the 

out r ut puh':'!. wil l d .• crease all thp chnl'ge on the co ieeer Incres.eea. '~veno 

ttU, l1y t he outr:ut :n11tpfl) will be to(l small to drive tl\~ nerl "tage. TH 

8ft~ct !II referred to f'(I fRY ... ,ens1t1v1ty ('Pul!08-rfll'etiUoo f requency) ancl 

to In s ection ~.11 ' mlr,ht b~ a dYNlrn\c :!'al1ure or 1 t !!I1. ,c:ht not be A. ra.BUN 

a.t all . ;\.nothpr 1ntp.rA Rthlg ex~le of n dynamic fa1l1lrA !'6U'Od i n tbg 

on a d-c power E'up~ly Une. The vnr!OUII S'.l'PPly Unf'!9 !"ave 'b!. ~n !,rovidl'ad 

wi t h 1 C-ril ten to prevent the coupl1 ng 0 f T'U1II'"'8 between ¢ 1 rcd. h e 'Ph I 

currpnt Aurges wr-lchaccornpanr the Iwltcblne~t vaCuum tubee CDN~e t~e 

f Hter clrcuih to o9c1l1ate or "rinc" v1th a ratrly tq'J!8.l1 emt'111·lde. !t 

9 0 ha,!=,pened tho t th~ timine- of 0. ~robletrt va.s ttuch that ~ the tou~ · th tiM" 

a partlculr:r pul!"~ occurred coincided witt the 'P.,,lk of tf~11 oBcln l·,loD. 

Thh va. bni·.l;y 8uff1c1ent to intertere with correct o,!,>er,~t1on, ind~ 

an error did not always occur on thit puJ r.e. This falluN va.. not d'\G to 

a defeotive component: it was B. deta1gn .veakneu wM c-h. 1::.. ell taimen, 

the deel(nPr could not have bpen exPeoted to antlcipateo 

. I 



:tnclt'iexr" :.'8.1. .. H-(" .. 
"''''''''\.41._ .... ,.,-1,. ..... _.vw-.... , ...... 

. 
th(1 c,~_trod. 8Jj.i pl.'icn 01 a. ~ubE> 1\.Oh1~ to d9CI'!!"!le §'!'G.d a11.r as i t r.r~ (l·-

-;:vp.ntu'nlly, tht"! CMJl.f'\'I vn 1 h-'-ve r roG)!'p'r;"~d to a J. oint 1o/'hllr~ corl''f-'''f. 

OCll'!!rG.tlon 16 no lon~ ... r ronnIe and &. I3tf\a.dy"''5tat~ f~nurt "HI py1tlt., 

-
retore t~1, r-flint itt rer.chflld.t the (IT)~rllt1on of thP "ts,ge 1)p.cor"fH~ mop'l' 

. , ~'1 
' f ndUve to oth~r ftct(')rfl& An \nctT't~nt 1dluT'llt 11 afl1" to ed~t, 

Int~~ttt nt ral1ur~Q "Ill_.I... __ .. _ 

tact. r~e1,·tl.lllce ,!,r~s~nt 1n l1. poorly II'1dered Joint I!'itilt 'bf>I fiI. Cf'UIH!' ot loW h 

enelt1v1ty . ~h8 fD.llul'f~ wHl n:-,el"_l' nt, hrer:1larly @}lac~d 1ntervr.le . 
. 11 

~uch a fr..Hurll 1 called an 'nterd Uont faUure. It h flI t tiP d~nnr 

to th~ incipient 1nl1u 1'A In a-r~eAre.nce · hu.t r.ot in CtlUflfl" 

an 8xtt"rnal dhturbe.nc9 of pnme ~rt : macha.meltl vibrr ... U.,ntJ, pr~ .. nef)l 



l 

~ ··l;.ctor '.1/ " C . makes the otO;:0 8I9ntaHi?e. tiO t}uH~@ d10tu~ball:ec, wt . i~, ;:}$-lr 

o~,erp..te T0r'! gaUd'neto d 1y 1:\.0 lone. alA thp. dhtu%'bs.zu~e_. h no t. rTt; ~E9l1.t,. 

oade to occur whenever d~B1red, aDd hence take on the cr~~acter1~tlc8 of. 

Random Failures 'Il _ 

Still uOther fa11uT8 a~Aarlng at irregularly ''-Paced ll'ltern.lt. 
, 6 

to the rA.ndorn fallureo It doe8 no~ rpqulro an e.bnonnal17 .enal Uva toe")· 

fOl' itA occurrenceo It general17 reRu1 h froID an unulUal combination ot 

unfavo~bl~ conditione among th~ fact or wr.lch nr~ sabjec to v~rla tloD" 

f.t may be due t~ en exce .pt! onn11 y la.rf9 vA.rtat 10ri of one fl~loh fuc tor, 

e.g., a r-ownr 11ne transient t ar ft~cAedln~ the normal 11m ' t ao Alt~oueh 

th~re is c;.lwe.y~ a CfUlae for f! 'lch 8 fatlure. it rP.1'!'lo.lne u~known :,~o the . . 
O"'~Tatoro 

3.() · Ch~ckl!1g CODdderat1ons, 

~o ~l I nfluence of Var10ua 'l'Y l' PI\ of FftiluTee 

e.111l1 ty tthould change durtng the cOl1r~e of the e""f-erlrnent It bE'comea 

dlff1c'.l lt, 11' not l!!!po.nHle, to tnterpT'ttt the ~sulttt. ln term. of the 

condit1(n of the c~mrutero It Ie ~Ult8 po.~ihle to obtain the correct 

~olutlon to a r-roblem even though dyn~~lc, incl~lent, intermittent, re-

producible, Olld random fullUTP.8 ll.T@ rrPMnt. In "hor t, tP.8t check1nf' 1 

&p!llcahlet to only stea.dy-sta.te faUurello 11 In deaicntng test laquenceGp 



( 
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~ con ic.1€9ration ne~d b" given to any failures ",rich l?-l"1!! ne t eSM nt.id l :if 

~t8a6.y .. lJt8.te fal1ure,i. Hovaver, it hafJ bean noted thr.l.t dynsr.dc, h.e1~il1: J 

and reproduci blEi failures s. ~ ·e very ClOMly relD. ted to lftG&.dy--etat, f8H\\.~···,; 0 

steady-stat e fe.ilu :--e9 dur1ne the performa.nce o~ the tOflt seq\1enc~H'§t tfJ#~ 

checking maY' be UMd for their df'!teotion. Of ctlu1'!le. 11' an 1nt anr~!tt.nt 

covered by tept checklnr. However, r.tsthe!':'1atical ·cheek. are moh !'!'ON ai·· 

fec\t ve 1 n dftaling with 1 rregul arly lBpac~4 faUur ••• 

3.~~ ODpre.tional ~ffecte of Yal1u1'p.8 
« • 

aMHty to 'Pl'rfof'!TI 8. certl'tin funcU,.,n . Th~ -problem of' defltgntng a chftck$.I'-6 

ee'1UencA ma.v be .tn.t ed tn term. of the pe \ function_: the cMcktn€ seQ.uencf) 

m~t r~o.ul r8 each sta.p;e to 'Perform E'.l1 mlch functiontl. One of' the firtlt 

taKa, therefore. !e to detenrine the.e !'W1Cth)Dll for each of the f)lem9n~~l?.rr 

p tar,el. J t 1e nnt neceuo.,,· to c!" n81der e/; ch co~nen' faollm"e to'r t hh 

Uhen 1t 18 dedrP4 t~ Ulf!' a problef:' for troubl" lOCb.tion, a mol'a 

detrlled knovledr:e 01 the c~el"1\.t1oJlal eftech of th~ fallur p 9 11 r0(11iroclo 

1'Ortnnt pr.ttcticel dllt1nction be~r.8D checkt~ nnd trouble l oeation., 

It would perhe~, be well to rft.tnte thi. in the f'orm of the que~tions 
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Tr oubla Loco.tion:WN'.t \ttl1 t he iltl"~ dol -
Some of t he anew r e i n t~lcal case9 aT~ givon b~lowo ' 

3.~~1 Ampl lf1er@ 

,!'he function of 8Jl am!111t1eT ie to provide an outrut of the p:l'Op n" 

~lt tude to drive th- lIIucce4tdln£ tltat-e, whell the 8.!,'" roprl f! te i npu t dglU!l 

19 a~nlied. The out~t am~ll tude ~ay l ie ~nr: a . ~1 d8 T8~e of valuel 

vhen 8 . faulty co~nent I! rre~Ant. The ~articular amol l tudo l evel ~ll ch 

1~ obt~lned will elth~r be capable of .drlvlnt n ~cc8e41ng bl - atable st ag. 

or 1t will not be ca.:pa.hle of drlvtnr. it. Since the ou.t ru t w111 u ~.tlms. t. f'11 

be ap~lled to a bl-~table tltaee , It may be laid t hat th8 ~ltfler wi l l 

not ttUp~ 11 any cu. tpu.t -pulee If a. fp..Uurft ed IJ h 0 Th t s do ep reo t mp.a n t Nlt 

the actUal runr U tude itt zero, but tht:t it yr,ie:ht j\1nt aB wel l be zero HI 

fnr a.lII It1 eff· ct on t he ' "'Perr·ticD of thf" COI!I ~ \lter h c{'nc~rnedo If t.b 

outru.t 1e ca.pable of drlv1ne thp 8uccel'lding tl tat8, no' fa ilure .,.1.teo 
. 

It h, of coura. , po181ble to obtE.:.ln an ('o at ·ut when no i IlT\,\ t 

algnal 1e ap~)Ued. However, therE' 1e no \lay of , redi cttng the r itla tlon 

of thA times of OCCQrrence of ~uch IPQTl r UR pul AA, to t he tl~1ng of 

mUtent and need net be crJ1ddered. As n.d.d1t\"nal jUl1tS f 1cat1on for dis 

r(lte~! rd1ng them, It , 1'ould be noted thc.t euch fal1ur -' s arp extremely r are 

1n well-de~ lr.ned am~llflerwe 

r.rintp ~1p.nn1 1e a~rlled t~ the inrut o If a to. lu-e 8y1 9 tB. no outrut 
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nimpli city ot the~e concl~sions tends t~ be11 ttl& th~1r importanc@. C(r~ 

. 
tn1nly the1 are intuitively ob?1.0u.s. Nt they J!.:IU.9t b0 lea.rly r~E!.u.t d in 

de£:ignlng test 8aqusncee. No te thnt t he fallurp. 6f t~ smpl1f1err IN~~ b 

d.ue a. 11trge nl.mMT of C8.Uttel (open filamont,open plD.te 10(l,d resistor, 

grld-to-cuth<,de e}:/Jrt, eto.), a.ll of wr.lch exhibit the 5&'1 ttymptOlio 

3o?2~ ~ate.!u~~ 

Tho g,te tube cnn r~11 1n three ways: 

Cnpe 3 h erlrern8ly rar*, if ca.re haEl bAfln .~tven to thf'! Inyrut. Fur thA 1'-

fiE'r, fi. ~ h often true. '!'!-h oaf! '" ·.,U 1 th*,reforf'l not be c·"nRider('d in 

trill thetis. C8 !"8? h (rllt~ nounl", ::.nd .... ortu.ne.t elYI) if' amencLble to 

eal1 a.nalyBilh Twn -pouibl1itiep. I!!U!l-t b(! ' conl!!1dered under C2.tle 1: t.he 

output pul ee 18 obtai ned without any input or it i~ obtained with onl7 

one In'·ut. 'Ahe fomer poulb1l1ty repN"ents an otlci 11 Ei.tOf7 cond! tion 

wl-ich is extremely unllkp.ly. If it ,.r.oul'd 8xht ~ it woul d bfj extre1!lf.llr 

d1f!1cu.l t to det~rm1nB the ttmea \\rhf!m 8. £IpuriruB tlul!"e wc;.·lld occur . It 

. 1t!(luld take on the cha.rnctp.rhtlcfI of an intpt'1!littent fa.ilure, '£10 thi't it 

need r~t be con~iderod. The latter pos~1b111ty olpo may r~~ult in s~~riou ! 

Pu!f'r. at lndetermlne ~ e tllte3, wr-ich. aral~t need r.ot bp. c"'npld~red. 



To 8ur.nlrize, 1t wU j be aos1.lIDed that to the failure of a ~te tubfl ()j,.\ll 

exhibit only two r-ola1hlp. effectu: 

10 It will nev~r provide e~ outr-ut ~hen a ~~nBing oirnal i5 

The function of the f11 T '-1'lop 1 ... to receive In!o rme.t1on from 

of three inr.ut~ and to rflta1n ~uch lnformr..Uon Indefin1 t~ly . A fau1 ty 

.tht' q ' l " "10-." , 

com~on~nt may cause 1 t to dave-lo'P I.l ~r"'1'erl"f>d pod tiOl'l» 1 . e. t ! t ~'i 11 f1~t 

remaiD in the othsr podtion lJ"..dp.finit(l:ly. thougr. it H111 rematn in th tl 

m1nl;.te time factor a~TieaMl 1n the conPidera.t1on of thp. ~tfech of f",ll'lU'MU 

the r~rlod of time a flip-flo~ can held the non.prAfsrred Information 

t-etore r~v@rt1ng to 1 h preferred etateo 11' this IIp.riod 1~ lonf'er thal'l 

th~ tiro8 it it! requ.~ red to hrld the non-pTp.ferred infonr.a t1 nn. thi fJ 

weaknea, will not h ' ve an adverse effp.ct on 1t~ o~eratton . The lone~~t 

interval between !"efBtorer"'Pulpe pair, h the Jr.aximurr: amount of time th!!t.t 

w!'1ch ere not fully understood. flh-flo'r'tI t-ave be~n obtu~rvedto revert 

to the preferred pod tion p.vp.n thou;:rh r'?'fltoror Tul F9s a.re> u~ed. SOI!!e 

asuumpt10ne muet be ~ade reeard1nr, the eff~ct8 of fal1urem of thte t~' G 
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ho It nU F: t rttc,,1ve and retnin a. 1 v ia. th~ t r1f. fer lnr-ut. 

another tYl'~ of f'at1u "t!t which dOes not lond i helf t o a B1t:'ple a nal. ;rmt " 0 

If t he ~onhnt~ of the n!r- flopt! are chanp:ed a.t suffioi ently f req.u.enf; 

i nterva.l w, the ehe.rge en the c ClU"Ol lntr C()Menl'lers will pr obably be t'I~1n-

t a.1 ned , PO, thn t cor r p.ct oper a.tion wil l eontimle. However , thh it:! nDt 

likely. When a fli p-flap rema!nl'4 in t he 9811" po d tion l onp- t1nou t;h , the 

!91.lf "!,, r eesor of its !!Iendne; f,'a. t e tu l'-e w111 a.~fA1me t he 'Pottm t l s1 of t hs :poi nt 

to which it 19 r etu r nod. Those e~ t e tube ! in ~ti ch t he 9ur.p rp.~ ~or er~ 

-:eturned t o grol1nd ,.,n1 1e open , T@r:.r;,rdleflP, of th~ cnnd1 ti on of' the 1'11 p= 

:1.01' '3 . Mo s t eate tul:~e nre de!1Oled t hh Wf'Y . , T~OAt'I r,s,te tu'hes in ..... M:eh 

t he sU!1'reBsor a.r e r eturned t o -15 volt! wi ll b e clou~d.. retp..rdle9s of 

th.e c~nd1UoJl of' the nlp-nor' . ':':ead-ln gate tub F' o are ,::enerellyof 

equlval~nt to the 1088 of the re~torer-pulse ~r~ly to thr. t fl1p-flop o 

Effectively. theRe f ailurPI may- be interrreted as fl 1-p-flo'!' faUur-e s i n 

which: 

? The n 1 !.'-nOT aupear. to eontt:.in nei ther 0 nor 1 0 

r 
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3.3 ~9l'g1ne.l Check1~l 

A Vf'!'rY Uee1'..11 tochniQ.uc adopted by Froj~et Wlll rh,ind 1~ the 

can be cOl'1.Vert ed into ~telldY-9te-te fa11urt'>" throu.gh 1 t u .e. It helpe 

alrnpl1 fy t he problem of h"('u t.le lOcaUorlo The J'O~d bil ~ tyof removing 

it:! enhP..nce d by tHfi volte+!'e-vti.rlaUtHl ~chemeo 

a rather l i mited mmbp.1" of Iltage@. A telephone dial f(I-Y' be u~H'.d to ~dOI::t, 

the 1 ine on which thp vol tll€O 18 to "/:,0 varied. V.anual control of U~ 

variation i tS lJ.vallabl~ wi thin the limit impolled by the ::":Gnerator c han.c ... 

the ganer2.toT into El~;ch 11M in I qUt"nce Md caupi ng the vol te~ to l\<t 

. , 
varied \fith1n rredetennined limi;ts bsfore .vitehing to the next 111:100 

The~0 1111li~s may, ruld. generally will» be d.1fferentforea.eh line. It 19 ' 

1:lOs~lble to f,otl: 1ncrel: Fee f'nd decre~f.!~ th(:> voltElf'e. Since only a l1rr1ted 
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thCl trt"u t,l e 1P aflGOci;jted with one of thp. fl tar:e eUJ'lT>~ ied by thi.l·t l'hHv 

I n r:en~ra.l . thc> re itt ~. certuin madmum tC'] ~rane e (both podt1'7tt 
• 

~..nd 'n"'gnU ve) In the IU~'Ply vol tr.gen of Aacr. ntar'e .yl-, l ch 19 det~rti'ltned 

by Ih dedl"l. A tolp.rance will be a!' .. ocif\ted with "nch ~ur~~lylineo 

T ~ l~ tol~rance 18 ~ome f uncti on of th~ t~lprancQR of the tndivldur.l ttsgo 

Ofp.rated VAry clo~e to It~ mar~in. 1t b~comeB much more BAnsttlve to 

fluctuation. In the factor! "rich c~p.e failur .. e. In partt~~lu~, dynamic 

,;nd incipient tc.llures aho" u~'much !rore chnrly. J)ocrAL'. dng the oreen 

1lUT':rly yoltnce on an acine: pentode tends t':l E\.ccElntu; · t e thf9 decrea.se in 

cuth ' de erhdon. The rl/l tfll current decrea.a8 in a norrnnl tube mny be 

may b~ only -15 voltRo 

line by v .. ·rylng t.he vol t~l"~ to the rolnt A.t which tI f e.Hure occurll .. Frr 

tion lA ob t nined re~rd1np.: the effflch ot at,lnt; on the Ollerntion of tbe 

C'(', "·uter. ~':hen mare;1nfl become undul)' low, 1t is ~lme to rl;l'1"·2; ce the 

~rov8d their contention ~n a nwml~r of oecaalon_. Thtt ~rocedare ot 

checking the margins hila given rhB to the term Mflre:1 nal checking to 

refer tr. t h C' u~ e of th~ vol tage-vr. r1:l tlon f t.clU UPI' for nnr }:U!'Cose 0 
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I t ttl meaninglesSl to ",uatA the I'larr;l!1l s'rallablc on a. f:iv&4 

Vt"l t'.Ti9- a rla-tioD. 11n6 wHhout ape ctfy1ngth.e condl tion~ u.nd~r wl-- ieh !it 

S111Y'PUed by t h:;.t line \Vert) not ln Uf!e. On~ atandard pet of cond!. tiNI! 

19 the C l') n"7'l~reenUD€ of all tHp-flOptt at e. rl~ed rate. determined '0:' 

an e:d~rnn.l pul ~e IHurC80 Thh 18 used only for the marginal checkh.g 

of then i~-no~. 0 By obgervlng t he lnd1 cat~r I1gbtu , the r:argln at 

vr.1ch each nip-flop faU. to ce~l elllnnt can be ",e~J 9\lred. Thb t90hlllqu(~ 

r,1ven to th~ eoord1MtioD of murgtn~.J cheokine with tfll!tlt ohpckin". 

diet th:. t no fn.ll\lrea w111 occur for g(\t"e definite 1>"1104 of tIme (UI! 

va lue. Th~re il not yet ~\lfflclent evldencp. to juatlt,y th!w eoncl~$lon, 

'b.lt 1t dOP. B MetII plausihle. Of coarflo, t · i 8 c ' nclt.tdon e('~ld only li.!" ·l:, 

tlrfaratu.9 t o r rodllCe fllltta.ble edern;u dhturbr~cft«, 1t m1 ~ht b .. ~E­

~lble to eytend t~1, r~a90nlng to r8~ro~clble f~11ur~8o If the e~lf-

tence of B. rea,8onnbly long prediction lnterrnl Cf'..n te def!lOnetrr_ted con-

clu.eh~ely. tc~t.-ch"'cld nc: :rrocf!durpg '-'O'J.ldbe condderably r.'Ore attre.ctiv 0 

l..n overall check rroblem could bo perfonnP.d a.t r egaIn!" iD.tprvals (1'('11'''-
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are ~rror-f'ree, Tlrov1ded t h[lt a()rnematheillaUeal check\; t;r includrJ/9. to 

~~rd ag,a~ net in te~t ttent and random failures. If the prediction 

lnt~"al were long c(,I'1'Pared to the time requi 1"84 to 'Perform the ct.lf9(lE 

probletn , the 10~8 of' time 'nherent in te nt-ch~ckino'?: 'Pl'Ocedllrea YO:llc.l 

convert~d lnte-

a.T0 flllf f lcient1:,' random t o be ~etectAd by ~athema.t1 cl"] l cheek's. fo:r 

sta te fol1l1rp. ~ need be detected. Tt'. 11M a u8Cl.l1cnoe fo r trf'ubl~ loc,"!t1cm, 

1 t itt neces !laJ7' to detnm.lne the re811h wrieh will b~ obtninoo. in the 

?re~ence of all poetdHe falllttl. :<:ach fault h {t~Mn:ed to be JTla.nift'!l~t6 d, 

in a. c1 ~ : '-rly defined r.'nnner, a1 th(lugh t~h 18 by no r'ean~ accu.ll"l"te.Thome 

f:ulh .,htch do not 8:1'hlbU clenrly definod effects nre p:nera,l1y alArf! .. 

clently rare to jultlfy their bp1n~ neglected. FUll" th~rmoro, if fluch a 

leA,d to c~ntre.c.ictlonsp thuA i ncHcating that e. ' peciul ea.!>e it invo1vC!ld . 

However. the ~e aft~ul'!'pt10n9 do not elll!'in:: te the need f or further- dU~' 

and Cla1\fJ1ficat1on of CON~uter fa.Ullrea. Pprhu.pe su ch ntudy May lead f,J 

c. !DOTe saU sfactory tr~atment of te r,t check1ngo 
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4. - PFP CIfL ':S 0F rl ;I~ST S~::.lf:NC~: l)'E:SIr.N :o-............. ____ -... ______ ~ 

l~.l 9~je£U"8$. 

~etr__od~ of itrprovintr, the rel1abili ty of eom Un,g:~ chill.o',',7 

\tIill be in de1lll.lnd 8.8 long an there is a need fnr eonrpu,tell"1!. At pr~~Ht\,t D 

the del!ln.nd for Que" methode I,. rtuite proDOul'lcp.d. The rai n M!lphash ~.8 

towards develo!,ln~ technique8 1It ~~lch ri't'8uMf'Ill r.f\ll b 8.~ Sloan as 'Po~-

~tb1e . even thoufit they le:ve llcJIlAthl ng tCl bp dedr~d. More elegant nnd 

~ffectlve method, vlll be required 11'1 tl~e, hut th~ important thing 1! 

to keep the c(lm!JUter oncra.t!ng wi th 1'- m1nll'1W!! of labori ous . rn.1ntenttnce • 
. 

Trouble-location technl~ue8 are of more t~ed1ate Intpre~t thon ch~ck! 

on the overall reflUlt~. ThcI ul t1m:-;te fPOal h twofold: 

to worr': ~ro'P~rly tor the prediotion 1nt"rYal. 

~. ~o obtain a . colleo~1on of ter.t ~eouenC~9 which ~ay be UQ~d 

However, it 111 felt thut 80N !nsleht into the dfl ftle:n of ~n ov~rtlll check 

,.,roblem can be gEdned by !!tudying th checkln,. of "mall uru t~. In a ;'dl tiou, 

the reflll.l tt of ~uch h. etud7 can nho }Ie ll'Pt"llftd to trouble loca.tion. Thul~~ 

the train ob.1ecttvp, of t!":h the818 h th .. development of n systeJnutic luethod 

of dp.Rlrni~ te~t l~nu~nce8 tor cheek1ng rel~tt~ly 8m~11 un!t~ in coor-

d100.t1on with me.rr,illt!.l chp cklnr.. A Becond·!.'ry objeot! ve 1 e t,(\ dhcovpt' 



/ 

· thoM Ihr.1tnU ne of t~a~ t checking' which mi,.)lt requi re the une of OU1 9l'" 

checkl nf procedures o 

l~e:? Riston: 

~. I. 1llUinenthal nnd G. c·. Robnrg tlP-re the flrflt lien to study 

thp. t-,roblem of te .. t eequencp. dedp;n in detail. 5 The,. were ooncerned 

with 10co.t1~ certain tYr8t of s tflll.dy-eta.tA failure " 1n t he "vp.-Dlp.1 t 

~ultlrli~l", the~rotot~e of the Arithmetic ~le~ent of Whirlwind 10 Th~ 

8omP. va~WII tube . 'rhe r rocedure they n.dopted i8 epIt t a 8tra1~htfol'wardo 

It cor.stet •••••• ntlkllY. of tabulatine the fUnctl~nal abilities lo~t 

u!>on .the r emcval of p: ·ch tube. Op.nf'rall,., thh t abul ntt'Cln will sUf-'J':es \ 

e. lIeouenoe vJ:~eh will detect the 1're1fOnC8 of thflt failure. For exntlple. 

cal'nt.le of rpcelvtnr. a 1 in diet t CCllumn 1'3. '71'\e flpt'lUAnC" for chP.ekl n~ 

for tth fnnul"~ is nlr.'10"t eelf-evtdttnt. ~eo.d n word vhi ch conteln. 1 

In dlMt colWDn 15 iuto thtl TI:'"i!'tor. F.ead the word Tf!lcetvc·d by tM. 

rep1~t~r to 8. co~~J180n unit (euch BI the check l"egi r. tor). CompRr8 the 

word In the corpa.ri 8011 unit with the ward or1e:~ nan,. l'8e.dlnto thp. rer.1 ahro 

If thftY Al':!'oe, then the tnrUc1l1~r f.HUoN dOe. not flrl. tat (.,.,ery othpr 

.uc~tlon). If the,. do not agr~e. then t~~ failure 8~1.t. ~ Hovevor, 

thp.8e men ut11 i,ed 8e~U~nCft. of co~naDd. rather ihan op~r8.ttonl, t~8 

eeverel,. 11ml Un,: tt!9 practical anpllca i ' llUy of their ret:l111 til . 

r.. C. S\l"'Mr recognized thr.t 1.ntorrat;on 18 routed along certa,in 
... '" L.... 

cl ~~rly defined channel. tn manJ t~lcal COmpUtflTI unite. He conc r lved 

of a. lnfltr.od of trol11"1e loc(t.tion analOgoU8 to the ~onvent1oMl r-rocedure 
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, 

i n orna tion woul d 00 r outed along v p~. rticil.lDr chtUlnel , ~ Il!'t'ly i ni'ol1na-

Hen t o thfl 11lf u t of t h" channel , llnd check that t he :pp ll'opr1nte 1 nf(:·~·ma •. 

tion nPfeftred t· t the ou.tput. He dellie-ned a few C!et.'1uft f.\cP$ (u~l nr. eow,a.f.t.d!l; 

te lllustrate the procedure, 8.El9urn1nr. onlr dngle faUureso 

'rhe computer w111 top. .u~divtd.d into erlrel'flel1 tn1!all gect1() n~o 

A. ftlethod \t111 then be deYelo~ed. for desi !'111np. 0 t ept uequ ruC9 tn cMok 

flndtttc~\ t10n of' Uv' T'TOcedure to tnelude mu1t11'18 faultt' ,,111 be co~ 

ddp.redo 'Il:e \ll'e of the "Pftuc·ne~. for tr(,11 b1p. loc~ t1 on ..,111 be d1 fJCU\![\9d o 

ho~1 Subdtv ' aion of the Corryut!!£ 

A gection cond "'h of' ~11 ,tA-r.e l wJ-01ch H~ f\Up' Ued by a. 8i ngle 

v01t: ~e-Tari:. t:on Une. Thh t\u ' d1Thlon of the COr.'T" llt e r 8.I1t~m6t1 oa.l ly 

'l'hl$, there c:re le~s eaoUone thbn there a· r Yo1tr .. "&-ova.rh.tion 11nes, and 

one te~t 8equ~nc8 can be Il~p.d with feyer~l voltoge-Tarlatlon 11np.~. Th10 
o 

~e : hrd ot allbdiThion uho helpt ere, '8 a tlnr.er toundl't1on fo!" tha fl1ngl 0 

fl~lt a~~ur.ntlono It Is r.OT9 l1k~ly thnt a failure will oc~r in n 

nort"al, pIlrticll1arly 1f the 1'",rlodl0 ch~k:h~ IcJ'l.,m ' dhc'.ll!tled 1n section 

3.3 (In connection with tha ~rediotlon lnt~rYal) \ 8 u~ed. 
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.. 
elude the enti re (,.r.l\'Tt'uter. l nioY'matir'n arriv1nr. d, the i n'Pu.t-o\,\~oT;'ll'f~ 

artt~met1c element, wher·- it mq he cOltbined with oU...er tnforcc.tion t·;!) 

form the deal red Info rmation. It it! tbf'!D routed to thE' In"o,ut"'OutPl.lt 

cl'.IH.nel tl'-kel the information from etO!'1:li:8 t-o control, wh('r " "t 1l'8Y 00 

uflled to manl:pu.ls.te other tnf(')l'JIe tiod in thfl OOIDI ut .. r. 'lh. '('tat-he t1"a~C!\d 

tton frnqll~nt1y underlP,Oetl traDid'ormB.t ion am Iny fr .. quently be uged i;Cl 

a r8 vflry r:Pf~rly tnsu.:nI'l(\llntabl eo. - ------ ---- - -
Hovever, 1\ is very u~ef'll to con~lder e. ttegmfl9nt of 8. 'c hannel. 

'£ae .. ntially, Sumner crnddered tholo ee""enh v,:ieh weTP vithi n eaeh of 

the ty leal 'olnt t!3 that he treated. !tech ot trose eegtnent!' cr'uld eon· .. 

eeivat1y be shared by r.any dlfle1'.,nt chnnnels" Blumenthal ood Hoborg 

also considered c}~ann01 se6D'ents, al though they fray not h&ve been a.1#8l'0 

19. chen section. A cr.s.nrtel f; "' t!:f.'lf>r.t ¥il1 'be dE"fiMd afl I!. "('ortion of a 

ct 0 nne1 v}~i ct~ h !included within e. I=?'iven ~ection f\.M tncl'-1det: all ~ta,-eli!l 

definition may reduce to th~t of SU~nAr or thAt of Blum~nthal and Hob~rg~ 
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(lel1Jcr1be ect- channel ~eem9nt . A ehannel !!e€fllent ll"ay be dencl" i bf:d 
. 

~1t1. 0Ilt a.ny knowl edgG of the cnmplE"te ch nnel or ' chltnnel s of vh5.eh H 1\i1 

a part. It h only nflefH~ !'ary t o eX8.l':ine a d13,graJ!'l of a lIGction, C~O ')i1I:!" 

a state which receive. in'('r!!'ation troll' 80urcee wholly outdde that 'i80-

t i Oil, and prooeed to trace the nov of 'nf'onrat.1on f rom Ut1e stll€"e t o a LL 

8tnF"'p i.lntll n ahpe is fOll nd which 18 outside tho section. TheN> ffll\y 

be mllDf 01 t emato F ·thl for the now of 1 nf(lnM.t lon ~ ~Q.Ch of t)l~ ~e l tl) 

another cbrmel 08f!1r.flnt. To r1 nd ~11 ch~r.nel R("f"l'!flnte beloncing tl) l~ 

civen ~ectlon, all 81loh rathomllst b. traoed out, .tart1n,. with each 

r,:'. tb, pl'OIl'd 1-.,. 08T'e1'1l1l7 J'l()ted down in order to avoid overlook! ne one 

of the tlathe. 

Once (l. tabulA.t1on of all th~ ch;1.nnel fto"l.)JlentFl of ~. 11vev-... t'e:etio.ll 

!WS been mrule. it 18& C()r.tT'I , ratively aiJl'l'le n18t t el' to deden a te!lt 

eharlne the Balle stc·''8 (or fits : .... ) It is tHlfrlclr>nt to check one of the 

chan!"el legmp.nta In order to CNtc\.: th~ Itere. '!'ht'l choice MY t-e tlild·! 

arM to.rUy. Hpw ... ver. it h f r equently d~d rt ... b18 to deck All Chli.lU'!el 

segments, if only for the grea.ter aPBurance it 'ProYlde~o The !fourcefJ 

!hruld b~ t ... t.,11lJ.t~d too. af' B·h!'uld le thp. eorr'l" and pul f!~t!I which control 



( 
the tra.n9 ~ 'heion of tr. h 1 nfol"l'pnt ion. It 1. fl then only neeel\\~e.!fY ',c chnG I, ~ 

one of th" sOllrcee (If there !!~ Oil yone sou.rcs, n(') chciee exhh), Imo 

met~(')d of sUPJ)ly1nc: t h e ACure~ wi th the intorma t ion ~~nd eXaJrIinillf.; thfl 

dt'9t1 rut tion mny be uled . All e t n1cee of thi CI nature may be Wlde quito 

i'O"d t·1 e t o t\Dke choice. In ~ I.l ch a wq a~ to 9COMlli ~ on the 8.lTcltmt of 

stora,li1t r oquired. The s e 'PO' nh ,}'!oul d bAcnr e cl ear vhen 8orn~ .xFLl'l- l~n 

are conddere4. 

'th.ere 10 one "point th:. t req111r~ It'Oecln.l attAntion. P'req\''1.E·ntly~ 

the Inforr.:r, tien l uprH ed b" a c~a.nnel e.~nt t o ti tt dp!'Una.t'~n hi U86(~ 

may ha:~Ten tb.:.t th" co r r f"ct reEl III t ,,11 1 be ob tained ftTf"n t"ough the prorGr 

4. 34 ~t'-Oiil_1"l __ e ___ }T_au;;.:;l;...;;t .... s 

t~~ t all ~erttl of the c~mfUt~r (oth~r than the c~4Dnel !ft~~nt b~1ne 

Co~siuered) are worklD~ ~roppr17, may not ~~r-17under l e.~ re r t r lcted 

condl tton~ . tn many e6.t'~e. 1 t h r0891He to d. fU\~ en other tel't sequence·£! 

~·l- 1ch are uflp.ful when ~1l1t1flp faiJ.1te a"e ~rr.~ftnt. Howeve r , it 18 @till 

np.Of'!8~nry to Jl:ake 9 N!IO a.geWDr. 'l on r f!1:! .rdhtt; the cl'r.:'b1 nvt1-'Dt; of fa l 11 h 
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o be c(lnddI8T@d. It 10 aleo l!onven1ent to lim a l'H'nddsrntlon tc 8. 

9~ell unit w~ich mny cons.et of s9Tora1 ~P.Otione . The concept of n 

cr.r1nl ·el p"gt7lont mu,pt be broadened tn incl:lde f' ... :n taro't (If tht>, ChlJ.niJ.'~'. 

w.1eh [,. ~'~ in. any of the~e e~ct lon8. TH(l 10 VP.t'Y DAurly t he Bfll'OO t y-:u 

of ctunnf)l segment th"~t Surr.n~r US' d. 

Tho procediu'Q r~quil" e thv.t cfref'l11 at tentlon he eiven to t ho 

order in wrich the chnnnel 9~ement~ are check~. Fir~t, all linf1e­

staee ch:lnnel ~egll'ent~ 9r,ould be cheC;..l(e4" Then, dedl:n tent 8equenc~ 

ff.lr all two-!!!taye c ~ annel ~egmAnh wHch .har~ st8.{!:es b1 rendy checked, 

bnd 80 on. Of courss, it if! q lite -pouibl e thttt there a.re multi-t!lta.f '('l 

c: ... nnol reempntll conp! rt11l#t offlevernl s;tneP'Q tht,t canr ot be checked. 

independently. If suet-. EI llitWit10n 8xhtf'. tht:>n the \1holf; el'>.cnnAl M g .. · 

m~nt l!1U.f't tiP tr~'llt~d ua t ~ ouC'h it \tl 're a ~inele ptp.ree 

If 1t ! ~ de~t r~d to exr'and 11 . tp~ t ~eou"ne~ t('l inelwie Ilor~ ~eCJ­

t'on8 tht:n vere coneidered in thl ori '''"' nnl de.tgn~ it 18 usua.111neCes flb17 

to f'tlil"t A.l] OVf)r en..1 "Ae~en a. e(\!!:t'lAte1~/ new 8~Quenc.. ':'be a.d.dittorwl 

t\tr>pA8 w!-"c;h come into cnn<>lderl1t!on !"Anf>rnl1y C'ltJlge~b'e(lt'l'flO"lt'on of 

thp c~- nnel f'ep,.m~nt8 ~(I th~· t thp odg 1 nal ~equQnce h not e:pplleahle. 

In porticular, tbe one-eta!>"e ct:annel ~egmenh of the swl lp.r unit tl~V )e ... 

cC'ne mul.t1-fltaf'"e ebir.nel s9flllenh. This feature of the Q"!lroach 1~ IJOI\~ 

wro to! a d hadvantag beC811S e 1t r~q lli re 8 tha t llUeh ena1yd. mu ~t be 

carried cut evf!'r~· time So lArger unit 1. e~ns1dered.. However, In 11m 

of t.! bE'!'ttp,r a.~':"'roacht tr.h dha.dva.ntar~e lYlUf!t be to14l!rat~do 
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~'o35 _ 'irouble t ocu.tton 
~ .. p ~-

tnine the -:.olnt in tha fH3 '1.unnce Itt \rihi ch an ala,rm if. o bto,il1led in ortior t':J 

not trans!"! t.t~d 18 detemined by analydng thf) contenh of tm vad L\{ 

t ~ on~ of the fa,Burg to a i'ltSisona-ble vn 'lUl. fo'anual t lfo, .. ble"locr~tion 

A grp~ tfj1" de~rl1le of trol~bl~ 1()cF_t 10n ann t 'c ob ul.lned wben (~ 

mmbp.r nf e!'li.lUlel s ' WT'enttJ {lhf ... rn !h~ game 8tare ~ (ee~ 'H'iF-. In. It h 

ft.i.lluree, the followi ng pattern of rl'f,;J.ltfa v111 be cbt a i nfld: 

'Defeotive Cha.rnnel Channel Channel ChaM!)} 
Stn ,'() Stl1g1'1I~nt ')p~leAt So~eJlt SG€~it~t' 

f..l II? 1i-3 ,.4 

It.. Alarm Cor!"~ct ~\le.rm Altl.fi'· 

:a Ala.rm Alam .\1 am COl'rr I!t 

C Alfl.rr~ Alarm Corrp.ct Al a.)"!!', 

1) Alarm Alarm A)a.m Al a 17 
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be uled to toolate the ta11uTeo 

/ 
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5. - ,,;r.;\ J,Ji·L':S 0';' D~'gJ'T P0C~i.),!R~~ -.% -.... ----~...........-- .-. 

~i.l ~1EfhFH.u.l.!.~~.£~· 

Sov;-rL.l t('!"t S~rtur:n(!('la hav@ bee!). dGt!ir.ned i ("' Cd .ck ty-::1 c!:.l 

oth(' r th~ . n thp. one b~1n;r ChACkod. tf, oT'prr·tinr eorreoUy (1 .~., only n 

C~lU!'P thtll chcnnf!l ftenrenh cflnflht ot a. pI'ohfMti vely l tn'88 nwnb~r ot 

fttt.·-eR. Sl'ftcinl technIQu"s win rrob::'bly be Jl1)!'8 ,.11tatle tor ch~(".id~ 

fOT larf'P.r P8cUonB o 

· 5.11 AJ"tUm8tSc Control Flip-nona 

r:r.nt. C nt:.ln1nr. tew .. t ar:.... A.rt tl"JIletlc control hal bepn dhc~U.Bf)d it, 

F'ynol~.Ol 
FT~06.01 
FY307.0l; ~0700~ 
"1'3"6.01; Fi·3N~.O~: Fr~r.8.03; ~T~n8. 04 
~~09.01 ; ·1"!!l9.(\~ 
Y~~10 .01 : 't'F310 00~ 

( fliPJl cont.rol) 
(mult1l-'ly) 
(~~~ft) 
(divide) 
( f\l'roU.l-e.~d) 
(point off) 

tnfO!'l'\'ltlti on [.nd the l(\urcP-! of thf! c()rr.-::·. o:!ft, will no,,' be deflert~d i n 
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Re}lort :R~l 77 

,.111 EMnnel Sa€!!lent 1.:- Siep Cont~l 

Only n.l'I.~ f\ t a re i " l nvol ved , ~r304 .01. It f.'\ay reOf? tvf\ 1 nfoma.­

ti on v i t'_ it " tr' gt:,("l" Int·ut from thelt (a",,,um'Dg a . 11ght delay i n tn.ns ... 

mlAai<'!n). : nd the tJir.n dtr,!t.- of AR and AC. It !\U~dbl t nfor'l1'nti on t o 

A.C <.:o nJ t hel f. ThA co r·r.- .,nd AR d.e;n chec! (vHah occu.r~ on E!. • ...h. p..nQ ~~, 

Me Fie. 1 f) 1 A r equired to 0 btahi. the infor~ tiOD. from AP . Tho cor.nl..nd 

AC aien cheS!, (vt1ch occun on !t. ~ ll. !.!.. !!.. I'M !!., 8ee Ft ~. If) 

trMf!f"'UI the Inforr.·a tion tro", ;\.C. Inforl'"!" tion fo r ittet f h trnnarl ttcd 

~ \ nd ree~lvf'd on the cOI ' aDd Eroduot dCn (vh l ch occur" on ~. !1.h, ll. !!. • 

.!!.. ' nd If, R~e. rtf' . 18) which .r...lfto tr::nl!r'1 h t he I nfer a ttC'n to ;~c . 

C~~"lder the rbi1tty of t 1 ~ chrnr.~l ~eFrp.nt t \. h~d]e th~ 

1'1'0111 AR. Tl'!.e more P.~llny acee!'dbl e de ti I'll' tie n h AC. Etthpr ~, !lli 

or dv may be UPt"d to t r Mtlt'i' the 1 DI('I !'Iftatl on. Sun~~p. mr 1 9 c"oun - -
(tt 18 a. ~l!lewll1l t ["'.o r e c(')~'Cltc." .. ted or·e'"eUon). Th . ., operond mu.llt b~ t\ 

np.gllUVE? DUmbA!'i eq - 1/2. '!luI VA lIlU ~t order ~ °C(_l/?)0 <lome nwnbe:r 

N e t hr:ve r. r ev'oudy been in AC, r.ndo. ·1n orde!' fof' the 1 nfo nY!~~ lon 1 

to r~ tr n~flu'rf'fd on the ·cor"''''!.nd. 1')roduct dea, 1t 1! ~oul d m ve been posi­

tive, pay"'ll,>. Tl"J.e con to 'Pl1t11'l 1I.C by the i nf:lt N c tloft ca (pC(1 /2) .. 

beer. develoT'ed: 

ca 'RC(l/?) 
mr p.C(-1/2) 
~c RC(-1.f4) 

-
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the c!"nnnel aelIftJ)nt faUI! tl' 8UWly th~ 'Proppr informd1nn. In tMg 

problel!'l it 19 q .l itO ttT Arent th:.t thllJ f"'flulh of t he l!1\llU~'l1c{,tl"n ·~O~_ d 

~ Tl/4 if thp. proper 1n1~rmat1f'n were not ftu~~'lhd J ~ tl"..llt th~ C"€cl: 

18 indeed Yal1d. Note t bat onl1 tbe "tr nt! of the operands are iIu~tru.r:e· ltal 
I 

1n 'Producing th~ de81red In10l"'ll1l tlon; tbp.tr aw.r:nt tudes m~ ~ chofJen 

e.rtl trnrlly. The particular rD111:'''rs «tvfJn \t~re cho~en becM"e ot , their 

atm:le r p pr(atl9nt;;.Uon In binary DOtc:l~n. 

!o chpck Its ability to tr~n~Mlt tbe tnfo~e.tlon 0, tha ~Aquenc~ 

of 1n.t~ctlon.: 

cn t:'C(l/P) 
mr RC(1/2) 
etO f'.C(1/41 

lreY be 1.l8ed. If tb~ Infol'n'ntioD 0 were not tran8r.! t tted, then the ird'Ol"lIII\­

tton 1 WOllld be tran,,,,! tted. The r~" :Jl t Wl')uld b4!! -1/ 4 itO thlt thp. C"eck 

b v(\l1d. 

ct'.nr.nel 8ftgr'p-nt to l'ftrfonn th, f 1lnctton. a81tU1ltae thnt any fa11u re symp\om 

wl'lch may ."'lat will :Kert it. effect thrnughout the t1!'!f't 'r90\11. red to 

the '1nfofT'lstion source" or deetinntioa.... Inde~d it would Mve b p.n oui te 

dt ffl cu.l t to base a check on the u"'e of rF}04.01 l. A its own source and. 

dest! r:n' 10n. 

5 .ll~ Channel Sepent ~ ... ~'u 1 t1 rll 

At:a1n. oaly one etc.f.:e 18 1nv(\lved. ""306.01. It l"flceiYee thfl 

lnform,. tion 1 froll'! centra.l cnntrol y!a thfll S'lflt in-ut cn the corl~(-1nd lIlult1plsr 

(",Moh occur8 on !t find !!!h, "ee Fig. If,). It l"flcelvetl t he t nformatiOD 0 
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occur on. ,~, !!h, ~, !!" !!t rtnd!!~ Itl:\r&Y Al ~ l"flCEbi\tsth$ 1nfOf'll'\',!;iO!!l 

(' on 1~,Ol t o toint oft (on!!. only). The l.nf~r""at1 ()n f.'I ':rv,r.~l'\tt e-U. 

to mll) only \<:MnAv~r a l-igh-fl'f'qup.ucy ol\~ek: ,!,ulre occurs" 

To ch~ck the A.b111 t: - of 'thp cr anel segr:ent tC' trM_ r.1 t the 

ca r.O(l/2) 
1M' t-0(1/2) 
qc P.OCl/4) 

do<tl' ju~t ttitl. It h, ot cou.r!-e~ onG ot the \. eaUp.nc~« Il"ed t or channel 
I 

wo,tld be perto rt"ed. No eter counter fIInd. '·&J"!'1 would ~ avatla't·le to 

. ~~rmlt the flow of time t'l...Llfl9' to reau."". Th~ COlli ut f!J"vC'uld rell':llin In-' 

it by observinr. tl':>.e lndle~tor l1ghh. ' It h a l b(! l.t1 pro-o~ed tt:· t en clam 

Indlc o:: tion for Uh c"nd1tion b,. inoluded in ~'1":t l . It 19 l1kf'ly thl1t thh 

proTlO Ml w111 I:')eet wit h al'proval. 

If th~ chennel !let:mp.nt ce.nnot' h'sr.n1 t t hA 1nfn nT'c'tioft 0, 

all timet' ( thr-u;r.h Nch e.ctf.~n. are rrop"r on Tr . of !!. or !tV • Tlue; the 

lnfltroction cn 'Ro(l/?) will 1'1:,C8 II? 1n AC I.nd the infttl"U.ction qc 'Pc(l/~) 

can ~e uRed to check that it remained th~~ee W~119 no def inite ,rAdlctloT; 



whi!n 1 t woul d be I I?). A. rr.cre definl te check CMlot . 0 obta.ined. 

~ check rr3v~.Ol depends on thft correct op~~tio of YF~06.01. while 

the .. "'!qu.enc~ for chftcktnr. :!'~06.01 depends Oil. the c11J'rent 'pent.jan of 

!!"304.01. A81'JU11\~ only ft1np:le fa.ulh, both nS.t-flo - , CMI.0t f o11 ll1Ul.­

ts..n ously. If thp1"e 11 a. tallure in fT~04 .01, FF~o6.01 ,.,111 o'f, p. r ltte 
. 

r-ron' rly to etfect the check s.nd vice ver!a. Afl t t ~a1\peUft, fR n if 

,.113 C!-annel ~eep8n'fJ '3A lind ~ - S· tf!. 

;~cauge e~rumel p.ef'TIent 3A, cons1'tlngof 1-":F)o7n01. 18 qu ite 

air111ar to e}-.annel f'p.f,JlIent 311 ctlnf'll !'t1nr; of "307 . O ~. t hft7 have bftp.n 

~uped top-ether. ~'th m! nor chanr,eB (e.~., re~laclB£ ~r and mh by 81 - -- ..... 
tor 3A and !t tOr 3~), th~ d19cua~lon in ,ectton 5. ll? t. nrnl1cabl e. 

:0 tll!'t thl~t oAgment 3"\ crn trnn~1!1tt the Inrnrr.~l,.t lC'n 1, t he 

.. eqa~nce: 

ca RcO/4) 
.1 1 
etC "C(1/2) 

~ to uA~d. Sl~11r.rly, thp sequence: 

co. RC(l/?) 
sr 1 
qc ?Ch/4) 



( 

c_ ,1 

cn 'PC(l/-:» 
qoPCCl/-:» 

SInce the choice 01 the o:.-*,raade ta arbitrary, the dedre to 

l1"e stor • ecol:lOlllo&117 dictate. tb:,t lame lIet of nultbp.rs be l1tl~d wh n-

RYerr.oel1ble. THe criterion htt. ,-uide4 the ~ lect10n ot the OJt!eI'Mitll 

obtained by N:k1ne. un of tht:t c- nteAh of I~C A.f'tep. th S!. o!J~rr..t1on. 

':'th 11 a 9tnnda.rd d8\'108 ufled In eodlnr.. 'Ita lIeQuen~ tor cram.el 

~8U'(·nt. 3A bond 3~ r.l:l_Y thu.!! be r('duoed to: 

'r l-h RA.Ve tvC' ord.er • 

ca. PC(ll~) 
qC ReCl/?) 

. sr 1 
qc FCC1/4) 
811 
qo ~c(l/'i') 

,.tllt. 01' ~~;Nt:.Ol, -=730f.O? T1i'~('g.03. HDd ry-30~.04o ~ev8ra.l a:r."pnrent . . 

111'fle_11 Uee mo.:' become evldfmt from It ~tudy of the block dlOttrM. At-

t~rts to a"yly the at-annel conc81't to thp. tvo f1 tp..flol'l of the dlv1 de-

'!'>lJlp", dhtrlbutor Jra7 meet with fa!1u!"8 b .. C811IlUII of the cN'r.lilcated. Il\Q.lUlfIJr 

1n t~-h1el';. they /'re 1nterc(\nneoted. f.ov~"el'. If tt-.ey ~,r9tl'~llted e.u a 

9~Ant boc("merrclearly defined. flo rA~:..l dlffic! ' ty h "ntro uoedby 



the neCld for tnf{\nr~at1on to 'Pt'~ 88 tbroll~h on ext6!"nal neet1 on (AO) In 

be~ng trar:"'mitted tTom th~ dt'dd .• -pulpe dhtrtb tor to FF30g.03. It \~ 
. 

only neoe,SjIJ.J')' tn chooee the operands 80 thl t the fll' ! ' Jlriate lnf(,)Jriilf~ Hon 

clam t,'hen an tl!lProrel" dh1 don h -pprforrned. to ChMk' tnt fJ f ,lJlotion U. 

b nece."nry to o.ctu~lly o,..d.1' e. divhion vhleh !'Pmlt_ in an liei'm. 'l'he 

ft'wdlttlcu1 t1p.~ holTe bfJ\en I"GM11'ed. In fact. FJl info1"l"'atlon 1" tronll-

rUt e4 olo~ tHe channel by a lIeq,ue~e 0 r cor~'8Jld. which t.l.utN!l:l ":.tccl.l)" 

rollove th~ eom~find ~lvtde (In normal o~eratl~n). 

The 'division of 1/4 b.r. 1/2 ~uld, of courMe, e~"8 the lnf01T.&! 

Hon to lIP. trantlrl'ltted to thA ~Y3n8.01. Tt!o "nuld lnitl;).t~ the tranor.-b, tl)l1 

"'hen '''F''tOgoO~ crntaina 1 .... only an tmpro,!,prdlvtslon (more 1'1111y dhcull8ed 

below) c;:n t"J"Ovlde t~.h com! t1rn. A. ~eQ.u.p.nc., for chfl'cktDg thie eheune1 

ca. RC( 1/'4 ) 
d.v RC(1/2) 
qO ::;0(.0) 
~1 15 
qo l)0(1/~) 

That t~'1a hi n"'t So special cape 1n whioh th~ 00"''''0 rflW'l ~t 19 obta1ne<l 

t.r.our;t th.e proJH·r lnformntlon it. n<"t tra.nmtUAd eM only ~·n v.,.rlfted 

by thl'! tedttlu!" procoss of T"o.nu.e.l1y OllT'ry1n~ out tne etep. of the divldoD 
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SUch Yer11"1cation '..as been made for tht I equenc., p hut the detail r- arf) 

not t;reGent~ here. SOr:le failures .,,11 1 re~'11 t in a. "Torol oneed stop 

.;l ock" which hilI bean discussed 1n seot10n ,.ll:? TM,lIe parUcular 

operands. c1":ossn for their e{'lnyenlenee. n.r-e th~ :'erorA t'8.t1 faeto 'rY. iiad 

The af Z!le le('>.uenee tbat h dtw810ped tn 8 etton 5.11t> for eheektnt: thnt 

FY306.01 can tran.roU the t nfOJ'IM \1 ('n 0 JI'I~V 'hA utted tl} ch~ck thR.t FF30~.Ol 

can traner-·it the lnf'tlJ'li!« .Uon o. 

At t'"1. nolnt, nrobttHy the lI'lOl'tt lU!.tural et-.o1ce for the reQ..I.lrod 

rer17, an (l.lB.rm 8~(\uld be obttltned "n the 'ir"t ater or tM proc-"u . 

If M ftueh alerT'!h Clbtp..1ned. ttoP. eN'" ut"" tIn) centi me to or-erato on 

the IJI1Dbr.ri tn the arithmetic elem!'nt a .• tl-.Clugh it veN! perfo lng a 

.".l1d dtyt.' rn. ~ihen th~ ~t.p eountpl' !ndlcFl.tfu~ t hll t. thp l>J'Ooep~ h co!:!­

l'lpte. ~I..C wHi contF.:.tn 0 In all dleU colwnn8, while R'P wll1 eont :. ln in 

dl dl~1t c01umn8. If the tlr.erp.:t1on hf'nllovp.d ty .!!. 15, an overflow wil_ 

occur dU.ri~ thP. rrund-ot1'. "eill Ung 1n an arstl'.!!'etic cheek alA-MD. 1\11 

slal'!J' \1111 t~ obtained J n both corrpot ~nd incorrp.ct or-erc.t1on. In Gorrec I 

operution, it yl1J br. u dlvide error alal~. wh1ie 1n incorrect O~Ar ' t1on. 

it will be an o.rHm~Uc check rut .IT. ':'he lie qlcnoe , 

08. RO(l/?) 
dy nC(1/4) 
s1 15 

.1 



5.115 OhanDel ~~ent 5 - ~~eelal-}~~ 

il..noth .. ." mul tt-l'te-t~ chan:"pl 9A~.,nt c('Inni ~ttt of Fn0geOl ",.Ad 

IT't09.0::> (1!88 FIR. 19). ~l~Ue it: h po~~iHe to f!. r.al'Y!e it Ildnp.: ne 

cronnGl concept. n ~e<tu~ner MY bp. dfteirned Mr8 dl ."eotl7. 11.]. 'hough 

FY309.01 '"ecp-tvee inf'ol'1r.l'l.tiol1 on lI'Il'.ny op(\rt~t1onl. ineludtDl!: __ . FF~09002 

receives Int01'lllo.tion (;n1y on .e.. Furth81'11Ont,lt the eam of' the two -
'F~309 .01 rece1T~. the inform tiOD 1 -'Dd FT309.0p receiy •• the ln1orJM­

tion 0, tep~p,entlng a Cl'.rry of +::>-15. It the .~ 1, 1n ~ th.!l.n or eq,uU 

to -1, VF309001 recdvee th .. tnt(')I'III[:"tion 0 I-:nd Fryo9.0~ receivee the 

·tnfor:·ation 1, ''fI'!lr~ '' enUng C cl'rr:/ of _~-15.. ';M"e oorriA, ere tr::;ne-

r'!. tted to AC on the com' fJ.nd 9T.1f1clu1 car!7 ot t'. flub"enuent ~ ~, or 

• <:m. Tbl9 the "P.<1.Uence: -
C8. 'PO(1/2) 
fiB. :-C(1/2) 
~c PC(-t(» 
ca f?ch/4) 15 
(Ie r.C( 1/ bot-p- ) 

II'AY he (18ed to check tM.t a cp.r~ ot +2-15 c~," be trant:mttted. 

·ca -r.C(-11?) 
sa. r.O(_1/.,,) 
qc .F'O(-o) 
ca F.C(1/4 + .,,-15) 
00 '1C(1/4) 

may be tl~ed to cheek the carry ot _?-15. A.I! 11ffUll1, thft DIlIlMre "taft 

chon~n tor convenleocp.o 

• It both 111p.flor 9 contuln 0, u carry of ?Q it tr ng~ltted,wht1e If 
both 111r-nonl' contnln 1. Q. Cf:..rry of -0 11 trar.mlttp.do Thf'l correc~ 
rel!llit Cf-Jlnot be obtnSned \ln1f'1e" the cr-rrect l.nto l"l'Plltionl. eu~ · ' lted 
bjl th~tI. n 1r.-!1ope. 
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. 
I!l(,nt. The dedt';fl detnilfl :"lSY "h.e carried out 1n a "po> footl;, ~ ra.1f~"l_ 

C8. RC(l/2) 
<to RC(1/2) 
ca. FC(I/4) 
.. t x 
QC P1:(1/:?) 

5.111 The Complote Segu ~ce for AnthJ'rntlcContro1 nlr-n~~. 

The complp.t e .ettu, ... nce for checkln,; vol t r·re-vr··.r 1e.t1on 1 ine. 79 

'fh~ requeftc for ohecJdne thut e. divide error alann h obtained M ia 

n~t been !nc'udedo 

5.12 I,nrut..C>u.trut ii:lemell! 

The ID: u.t-ol1tmt elr.l'\~nt (IOr.) (.;n(; FIg. 15) 'ltMl detdgllfl4 wit ... 

0. c -;.sidern.ble 8.'!:C'l1nt of ruUt-tn ch~ckl~. The cOll'parhon reg1!"'t.e r (~O,,) 

tw used tn a Mult1~le 'chflcklne ~ch~~ to check the In-out refioter (IO~)~ 

Thefl8 tltlG regilltAre are operated 1n "uch a way ao to give a fair11' 

. 11 
thol'OUl'.h check of the e,-tl'!'rnal fUm eaut 'PfJ1p.nt ,a.ewmtn,; .dnr). e fo.ul'h o 

A. R'Poclal predtenniMd check ia u!ted to guard COR againet lne-J.e ttulltn. 

~nl1der Flr,. 5. After the ~~rd ~e..been tran,fer red from the fll~ to 
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10;;; ('he reB.ding :procell), botr lOR and COR Bhoul~. contdn the werd 

. ~neh htl-I been r ead. Arhr thP. rp.coX'dhlg r.r'Ocnu, loth IOn and CO" 

~tou.ld c - nt d .n ~he c"'l:'pIe::lent or the word v~ ich he s b ' en recordea.. hi 

c.n,r event, bot " regh: t~r. Ghoul d l':ave t he arune ct)n tttn b '~'hen thf'lrU&I 

f'qulpment !'l'Ovldee a cor:pl otion pul '-e. The ml P"! .wil l co!!"mc.M add lOR. to 
06' _ •• 

COR. wl ·.lch 111111 ~u.,?pIy thfJ word In IO!' to the tri p "" 1" i npu.t,, · ot oono In 

a ~4nner entlrelT ADB logoua to tho chec~l~ of '~n~rera dilcu,.ed in 

.ectlon ?o135. thli s~ould lenye COR contu!D1n" 0 (vlth the e~cttptlon 

ot COR oheck which contains 1). Tha . e~mpletlo~ pul ~~ 1& d.l~e4 II? pweco 

£·Dd u8ed to lenpe rrT04 or ~l,.ch dig! t co1U1:i1l It one of the~p 8)-~uld '(\1'0-

vide an 01.lt ~-ut it will 'bf! &)'},:,·Ued. to OT07 which ,,111 t-P. open (only .tD~lf) . 

talllt rcr.vt ""1 e) , I!O th <: t ttn tn-ol1t alt!J'Il will bf.> ghen. Then, to ft'If.!ke 

cert · tn t lo • t eu.ch dlr,1 t or OCR cnn cont11tn 1 (".nd t Mt CClR check can 

contF'.ln 0). t1'1~ dela1ed cC'r.l'olfttion P\1hft if' 1Unher delayed bT 0.1 l l gec. 

l.~Dd l18ed to ccr.rplanf'n' all ns."..no".. It h de1a7H another 0., I) aec 

e.nd dl"lled \0 r.'I'07 and \0 011 OT·. 04 ill eel"leoo It 18 a.Pl'l1e4 to 

C'f07 80 th:~ t an I n.-Ol1t alarm h obtnlu4 tt COR check ccntain. 1 . stnce 

tho remaln1~ IT '. 8t-.o1l1d cont r.tn 1, the P\llf'ft &:'P"Ue4 t o 0'1'04 fIIhO :.lld 

Th~ contlD1.le operution pul~~ per1orm. n nwmber of twnot lono; the one which 

18 directly conc~l'Ded with the chpcklnr procet& 18 ffottlne COR oheCk \0 

1. If thft conU_~ oJ)I~re.t1on pl1lfl8 doettDOt emerge,COR check vi11 r e­

r.>.ain In 0 (if 1 t vere In 1. an al~rm ,,~uld heYe .. l r er..dy been obtain ) Q 

Thut\, F-ft~r nn add1tione.l del9.1 of 1.3 II,ee.> the co~l tiOD pulM fa ut:t~ 

to !'onsf'l CT06. If cx:n cont; Ina O. OT06 ,,111 loA open tiM an in-out 
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In checking the ch~ek reg'Ater (cheok-regi~ter eh~ck). 

Teflt flequ.oneeo will be dedgned fot' th~ t )' lr-:no""'" of Irn (r.'!(tklD,f' 

upe of th~ faon 1 tt ee nrorided l>y CO?) nnd the 11 h-no'!"@ of in-nut 

c~ntrol (rOc). 'l'h.f!Nt ~ .. .. e1e:ht yolt~ ·ge-Tar1a.t\on I1np.SJ aUl''''lylng t be O. 

side! of the t'Hp-~lo"C! of lOR (each line sur.pl1e. tv() dl~t co1umn.1 

n nnd rrt8} • '.I 1 ght r'Or@ 9up;ly the 1 delee of' tbatt .. nip-flop,. Thefl8 

P J!le Bne" BI~o IU'M"'ly the 111-n-lloT!s of all the r epel ttYe un! h (e. go 

One vol ~\.f""Vt~r1c t1 '-n line {un) IJl1p ~lh)!I , 

the 0 "lde of nll the nlp-no~, of IOC (eyoe'J)t ",410.06 ond. YF410.07 f 

8U~'Pl1Cd by v"l ta.~-Yn. ·h .ti()n Une lit'. The two (aT'~chl nlp..nopft 

; re flU r ·,-UIJ4 by v~1tag '.Ybriation 11neB 160 (0 dde) &ond 161 h ~lde) e 

~Jol21 tn-out , ~y,:l~t~!. 

r"l thout;h the dl r.1t colurns n:!'8 tlu~r.11e4 by flf!l9'ert • .l yo1 t<.r,e-varlE'.tll)n 

r equire,; H...1 t at 1f!&flt one 01 the d1g1' colU111i.l ~ of COR contI In 1 d"ter 

the c('a:T"l ~,1 ~r. put ~e COr."rand add T C'P. to r.(IP' when th."re te a. tv.! luf'O -, 
tn tnt. ,\1 alanT' pulse wo:ild then be obta,1ned when the d.,lay8d cO"1'1e-

"'l"en f). failure occur, In one 0 the rl1~noT'ls, It b .mt poe-

G'j ble to rrftdlct the ~8hl!.vior of t~08" f:Hp.noT"fJ t o 'tff left tilth f.Z1;Y 
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(flT06 tlnd (.1T01> are a-c cou'Plfld to their n lr-flo",. ShOlld :.) n l J:· ... ·;~.op 

' rftY!!s.ln I n one "POd tiOD !,~,l'I1mnenU:rt both gate \ubel ~"Ould bft open. 'OlU J 

the nerl fU n-flor' to th"! 1 fltt ~11l 1:e r..u.l ~flJd on l',o th: thf> c l ftt'.r :.J nc;o '~fo' t 

in!''.lh a.lr,oot "imult·-ne"uel;?,. In all pl"ObF.lbi 11 ty, thi 8 wil l C8.UfJ0 it 

to trlge.er. ~t there 4.f~ nitelT t. d~bt a& ta t t l actual be~v1or. It 

18 0.190 tll!Portant to Dote that the CC l'!l8lld l"8a.d s t !ft a.pr-lie, a pull!! 

to OTlO on the 0 Pid. of t~410004. The ~utrut of the G! 1s used to 

srtft COR. It lOR 0 hould tran8~tt a ~l.e on the tOR on. out line , 

w410004 vou.ld be •• t to 1 and the COMentA of COR wollld no loncer b 

sHftPd. ThaI, a fallure of one of the nl-p-nopa of tOR 1181' also eif"'ce 

thfIJ eMtttng ofCOll. The manlllWD poOPt b18 n :!1ber (and. indeed. the oorr .(J\ 

nwmbcr) of t1ro A thnt the ccnt~nt~ of CCR will be phtfted 18 16. the 

IIWnbpr of 1M It T'UlP81 'nJ'OYlded b ' the fUll unt t. It ft~'()uld al. 80 be 

nr.tp.d thn.t con will be shifted at lea.t once ( 8 wr.tft -pulf'e hi re~<.llrGd 

to produce n ~ul~e on the tOn one out 11n8)0 

To chp.ck ron , It i~ onlynece •• ary to 8~PCtty woTda to bp rp.ad , 

from the f l1mo Thn~ wordB ~,t be. cho,-en ~o nF ~ nvotd the po.oSbi11 ' , 

of cotncldentnl ~"osnftn' or the contenh of tOR e.nd CC'R. Ne w111 

~l~cup~ thA chetce of t~~e vOl"d~ when COR II net fhlfted the o~l"rect 

nu~bftr or times ~~nr3te'y from the choice when COR i~ shifted correctlyo 

If erR It ~hlfted O'rroctlr. It will c~ntalD the correot word. If one 

of the f11~-t10~8 of rOR alway, tran~~ttg a I, the WOl"d shOUld cont~ln 

n. 0 In tbe,t digit in ardor the.t COR be provided with 0 In tt-.Ilt dle:1t 

. 'before the cOl"'f""-Ild 9.4(1 lOR ta COR. '1'0 check 8Tery dlr,1 t co111r.ln of JOR. 
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ill'll \8 a 0, the word t;ho1.11d contain a 1 tn that dlgi.t Co lumn. H'&nceo, .. he 

lrIOrd -0 9[:01.11d ::!lGO be ree.do 

If COR is not ehi l' ted the correct mlIIber of t.iI!AfI. COR 1; wi U . 

UBp.d to obtain the a.lam. No~ the t COR 15 v11.1 corAt.ain one of the 

firpt flftoen dig lte ottbe word read. dependlft£ II. the ~ber of 9htf\e. 

IO~ 15. 011 the oth~ hand, will al.vq cnntl'.in tho drleenth digit of . tm. 

yord r~ad (uDle,~ it 18 the f~lt7 diptt). ~.t tf va read a word in: 

which thf) llixteenth dig! t h (Hff~r0nt frorll the tirtJt f1fte"n, we wiU 

get the ri~ ired al2.l"ID 8n..uniDg tOR 15 18 not at fn.ul t} .. Thh give UI 

the chotce of u!tiN; etthM" +~u15 or ... 2-15 tor t--i1 l'Ul'ro@e. Nov, !lunnoo 

the.t lOR 1'5 alvay@ tranClr-Us 1. It +~-15 1 u . A4, it ';111 proTide ern l~ 

·"it.h 0 "nn. the Dlf'..ft'! 19 obtHtncd. It·. on the other I'al!ld, ro~ 15 abm.ye 

tran,,·ltR 0, _2",,15 ~Ul provide ocm with 1D y1eld!-~ the alam. '!hu.t.J~ 

"'}-1oh :",rp the c(l~olemt>n of e: ct other will pro,,:lc1e tl'.e dod red chealt 

when the correct r.:Wllber of st.1fto t~ !-flrforme4. 

Tl'.us farp IOF Ol1:dltary hall r·.ot been considered. It 119 a ru.theT 

pp9ctt:.l caoe, for. if 1t b'3·. fc.Hed. the oontftnt t!f every dlr;U of tor 

if. indett"J"ft'inota. POiiovfOr. COR \1Ou.ld be sl".if'ted tte hQuldte 16 Uuee 

p..nd voUl d therefore CM t, - in tbe \t;'01'd oeh-.c 1"enG. Thf!N~ 18 80m .. 'PO I? os. bl-
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It probability 1u 0.11te negligible. Fo'!' IJractical purpoe" , it may be 

a~ ~umed t h ; t lOR mlxl1tary i~ checked. 

5.1?? !!,l-Ou.t Control Flip-non 

In-out centrol 18 a1ao lare:el:v s81t .. checldng. r egs.rdlae of 

the words being tro.nttferr('d bet.ween ~tor8f:'e f Jri tha remote equ:J.proant, It 

Ie CC11l81del' d as a flingl_ lection, oltho~ it Ie ~('Jmpoged ot t wo ~eot1onl', 

TNt "-aJor 6~cepttoD to this !ttatement 1" prov1ded b?, !l fallun. In F!,lno.oEi: 

vl11c~_ c~ntro18 thetJ\1' ly of re9torer p.llee .. tn the I n-out el~r."' f'n t . It 

Ie necoun.ry t" ato - the flow of r ' 9tor~r puhea t o tOE dut1ng thft o:p~ra,... 

tiOD of the J"PCote e~ul~Ant b~cau~e It 1~ not .ynchroni ~ed with the rnqt 

of' the Cor ::u.tp.r. '!'l- 11 is the fUnotion of !F410006,, If' l' faU" to 

~to· t~'P flow, It 1. not ~ottrl~le to ~rp.dict thp. behavior of 10M . 

In all ~1"oblll':nttY'. thi! ~itu~ ·tton will bf! d ... tectf9d. bu.t th., uncert 11'1 

ttr.1e relntione rwkf! it .1Jl'11'CPd,l'lft t(l C(Lrry oat nny nnol :-tdfl. If 7J'Il-lO . o6 

nevf"l' 1'p.!1fI1h th~ ~tttor~r -' Uhf'8 t() now to r(r~. a lil:lila.r dlff ' cul ty 

of nn~lYRl . obtnlnl. T~e l08s o? r~~torp.r nul,ea hne been d1pcu.~f.ed i n 

sec'ion ~ o()!)4. 

The e.nal~·~h of the HlMln' ng portton of 10e 18 <;.u1ts &traigt\t­

forward • • HOW~Al'. it Inv~lve. a tremendoUi ar.oun' of detall which would 

110' add very ruel': to the undttrlt,andlng of' the mett':od be1nr, upedo a 

requt!e8 -a 'hol'o~ knowledge of the I nteractloa ot the ramote p.qutpment 

~.nd the 1n-out a1(>!\' n' proper. The~edetl-l.n8 h: .. v. been omittec1 here . 

t t turn" ou t ~ tEl. t onJ y - a ve r:I a1m~l Ell sequence it! rOQu 1 J"Ad to chp.ck 

ICC. -'Ihh tl9q p.r.cp. Me been crrl\b~ nAd wi th that reo!.lt rftd for cheok1 Dg 

lOR ~d 18 t'll'''~~nted bp.'ov. One point worth Ilotln.r 18 th:; t Mlftlcl er.t 
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A6 have been \ued to obtdn a .d9l~· of e.~T'~x1tr.a t e17· 121tO upec. (w~ l~h TS ;' 

tor t~l. '!'IUr"!'oaeo 

t ne'ru.o\ 10n. 

Al rf Kl 

A~ l'C n? 

A3 ca. :85 

A4 til C1 

A.5 ao 01 

.A.6 C'!'l A5 

A7 1''' --

Aft rf JC? 

A9 I'd C? 

AlO rd 03 

All J'd c4 

1\12 f'd C5 

A.13 ca. C? 

J\l4 ;~ JJl 

Al5 ua 03 

Al6'ClO R' 

Al.7 C& C4 

Al8 etC :83 

Al9 oa 05 

Aro QO W~ 

JI.~ zoe -

Oonatant stor~ 

Dl + 0 

BP - 0 

n3 + ~-15 

..J. -15 
J I"t - ~ 

Vl'.ria.ble Storr.poe -
(~l"')C? 

(Fr) C3 otnrf' nwnb"r8 read 
(~) 04 
(r-') C5 

K1 - rflcord81" 

K~ - ~a.der , - fUrn for uaEl vi t 1l 

blocke ot four word~ ,uilpai" ted 

b.r a dl~tance which pprmi~~ the 

1'P.Il.der to ~t.op beta re 1 t %'-9aoh · ' 

the neTt bloek. E".ch block t hot 

oontdna +OJ -0, +2- 15 
t ll.'1.d 

_~-l;, 1n thLt order . 
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cefl"el w~11 ch f'e~u.1 1'e t.he UI'9 of' n.rl Umatic centro} (!ttt !h" e. !!" !!:t 

and~. In all t~p.~. o~Ar~tion. (with !tne~rly al~vs an exception), 

so SA tJiIt device v"l ch :prov 14.1 th9 Dd-Cl.l.1"J7' rul $Ie vhl ch returne control 

to central control. ~c ~~t be r.~et (or pre8*t) in all oo~rattona (ex­

cept !!) flO that the end.-carr7 111 obtained after the prO) e'1" maoor of 

,Hfto. J. block dtagrf.UII of SO 11 .\~.own in 11g.20. lilock sche1ll£!ttm'l. 

which "hoY the individual I4t~., fl.'-. gben tn Fig.?l and ne. :>20 

Th¢?r'e nre 11 dlffp.l'8nt Tolt r:re-va.riat1oD HnP. which l!IUJ'T'ly so. 

They Ll'e( lta£::e nwnoP.f'g r8ferto the .block: tJchC'l~ ttC !l) : 

Line No. -
77 

78 

113 

Applies' tOil 

IT erAeDI (0) 

'F'r 8creen (1) 

GT screen. 

0-'1' c()ntrol gr1d~ 

1VI. • co n\ 1'01 

T'r rlatee 

rIA. screens 

Stares .~ff~cte! 

IT 10, 11 , IP. 13. lb., 15 

"" 10. 11 " 1? 1~. ll~. 15 . 
OTOl (5 dl g!tll), OP (6 di git) 
04 (5 digit,), 05, 307006, 307007 

GT01 (5 digital. O? (6 d1r.i ts) 
04 (5 dlr,i ts), 05 . 307.06. 307001 

OTOP (6 d r,i ~,,) , o'~ (5 dir,1 tG) 
05. 307.06, 307.07 

GTOI (5 d~rit.) 

RA. Vl (!'!tOt'l CO'lJlter outplt, Fit'- ~l:?) 

T~ vro;» 305. 405, 50'5 t 60 5 70; 

J.\A. nOl, ~()1 , 301, Qol. 501, 601 
(r1 f.:,,?:> 1 

Hl'l no? c'O:? , 30?, ~? 50:?» W? , 
. ( 'FIg. ?:",) 
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96 co plates and ecroena C'~ Vl02 (nO? e~thode) 

17 1\,\ plo."8 and ,era n 1lA Vl03, 101~. 
&')4, 005 

105. 106, 10~ , 001 

GO plato. and 8cr e~n8 GG VIOl 

GT platf'. G'l' 04 (6 dig! t.) 

TID !,Il ntel FD no?, ~2. 30:> , 11()2 , 50~. Go? 
(ng. ~'j 

FA Vl (rig . ??) 

~l 'nA. control ~ Vlo4, 105, 106, 704, ~l t OOh, PlO~) 

llA. nOl., 201 t 31"'1, 401, 5Oi, 601 
(:r't t:. ~?' 

141 nA. control J\A. '103 

Rt> control 'Rn Vl02, PO? ~C? , l()? 50?( ~? 
'. Fl". /~) 

It 1. c l e&r' thc.tt 1111 .. " 17 and 76 define the cal!~ ttfllCt 1011. Ltu 
• 

113 defi n"'ft a d.Ur .. rftnt 91"ot ion. It ray b .. till-.ovn tb t U i8 1l8C\1 ont de­

f'r.ttd by all the ot.tv>r l1n~8 (wi th 8ntne fev exceptlona) rr.a~ N oonft l del"lIO!. 

" .. "'an of thfl) I~ott('n d&f1ned -by line ll~. To-ttt tl clp.ar lor 111181199 

and ?~. In o.<!dl t ton to CTOl ( .... hich ira ~.lr · Ued b7 1 tne 113), 1 tne 200 

!!\Upj::1t .. 1 buff ... ·r runpUflftr FA '1. Howeyer, El. faHure 01 ~ Vl wll 1 affect 

et02 (6 dlg\h), {lO ttl,t a te!l!t flequence d~ i;ned te chp-ck G'I'02 vlll 

dl"cover the prepencf'J 01 thi II taUul'ft. St1!l1 1ar17. lor llne 91; ro.11ur e 

of the trtrfer tube. (T~ vi l l affect the rpnd-ln r-roce~p nnd ip choCked 

with GiOl, v:-l1e fallure or the blltf ' r empll 11er. and bu.. drlYPrR ( nD) 

:re chpck8d with GT02 • . The fe.l1l1re of the C'.te I;Anp,.dor (0.") IU':.1'll1ed 

by line 96 will b .. cheeked with o.T(,1 (888 "flction 6011). ':/lt)) thf! 8 X­

cflption of RA. V10~. lOI~, 1n5, 106, 1011 , rol, m4. and m5. the I'tae:e_ 

'~und on l1nep 11. ?01. ~nd 141 r~ve been di~cl88edo The fal1ur~~ of 



( 
:sA. nol., 105. 106, and 704 will be checked w1 tb 01'05. The failure of' 

M VlO~ will be eheci(IPd with OT01. The fallure of Nt. Vt01 will at!fe<.t 

the r('f'ttorer-pul,e tI\ln~\11 ~nd w111 not t-e e()ndder~c1 f;f;'~ t'~tio . 

~.?()4). 'Thut! eyer)' fIIt8.#!,tt e~cept ~A V80I~ find 805 ",,111 bp check d by th 

8~ueDC~ de~lgned for 11n~ 113. The failure of th~.e buf~p.r amplifier. 

vtll affp.ct the {nroma.tiol1 BUT'~1ted to rn06 .. 01 and 1':308001. and ""-11 

thPrefore b~ ctec ed by 'feat Sequence lfIuIber It. Neverth le88, the;r 

5.131 St p Counter fUr-none 

The r..oAt coft'Yenient ehs.nnel flegn"ent u.e. all or the n ip. flonp, 

with m5 tl"fdl~T:" ttlnt: 1nf(ll'1'!vt10n to rn4, m4 tn.ne"·U in,: it to 

m3 ... ~c. tnf()n""Unn ttl err-lied to t~h ch:.Mel t'flr,Ment by the com .. 

mand o.d.d to se. The way to chp.Ck th: '.t ull fllr-flo' It ct.n trs.nt .. · .. t t both 

its ~e~irnum caphclty l~ fl~eeeded. Thl~ eon only be ace~~~lt.hed by 

ordp.rll1g fltl thpr ei 31 01" _I' 310 - ;.:1th~1' 01 the~o or fl r;!tiona would leaTe 
. - - , 

o in .i~C. the 81m de'T!ervH~ 011 the II1gn 01 the numbA!" thd va. 1n Jl.e 

before the 8Hft ot'p.r' ,t\on. Sinc8 t}-l. h a ca.!" 1n w' lch the check 

derende on th r.>anir:ul(1tion 01 Dlmben. 'Ie ~1Pt obflArYe the eff80t on n 

loneed @to" clock" \) Tr\1\ eondftton h therefore checked. If on8 01 the 
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lItttJ-t of the gri ft CT~I'8.tio!l nnd tf tll 31 vere ordflor d. th D .\C would -
o%'lg'nal co ntentt. Thu.o, 01 31 doau not p!'Ovl c!e the eldred ch.eel!. -
Ht.'V"PJ", If AC or'.r,! nally c('ntein8d I I'? and. !!. 31 lI('trn \,uled, mo would 

contD1n 1 r~rtel' 15 .Ufto. The wbe quent rt'lund-of t W:lld 'PUt 2-l~ 

tn 4~C . 10 tb~~t thh w(I\11d proylde tbe desired ch ek . The nequenoe: 

ca FCCl/?) 
8r 31 
qo RO('tO) 

1~ p.ufflotent to check all the fllr-flops 01' seo 

It wr." (('tlt th:lt it V'\lld ~ ~ . .1table ttl 'nelude t 1" peQuence w1th thl!! 

oth~1' .e~u.enop. designed tor lineR 77 and 78, ~~rtlal17 becvu!e or the 

the ntp-flo 8 to receive lntol"llla.tion freln th(>~e .ourceo i, /,treated 1>7 

volt~r,e variation on t~i~ line. It v~uld be ye11 t~ u~@ th.le P8quence 

W8.t\ conll1dered. The ~anure of &q dlr..1t to pratt.t propr-rl7 would rem' 
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Intit~ction (the 8i~le fnult ascumptlon I~ ptl1 1 u!sd.) Since SC 

. 
}'l' ve it cl"· n~a.h>. 100000 bAtOH the prepet -pul;to in order to cheel~ all 

t~\ t w~.ld lenve t~lB quantity InSCo The b~~t we can do Ie to uee two 

s;ectuencel. one , .. dint: th~ abllUy of t;'l=", 11, 1:>, 13, 14, and 15 'Pre •• t 
pt'O'Uerll'. the other tedlng thb abUt ty of. 1'nO.. For the n T'tlt cas , 

SC is t:"O.de to e' nta,ln ocooro bofore r.rp!!'ett.lng by p(>rforJl'! 1~ the fIof -
or -ration wi tl': 1/2 orle1nal171n AC ... For th" lecond ca.r-e. SO 18 made 

to CM,t~ In l::·C('Irt before prp.!etU~ \')7 perfo::-m1q the!!. operat101l wi th 

.0 orlg1 flslly in hC. The pre~~t ta.ke. 'Pl,\'e ,~ 011 the So!. operation, hlt 

t l ls- doe$ n t affect vlllldUy of thp check t'fl F!lOo l ''h3 p:::.rtlcular 

followtl: 

CA. ~C(l/?) 
e.f x-
81" 6 
ttC P.C(2-7, 
cs. 'DO(ff» 
sf x 
c& PC(l/?) 
"r 14 1 
QC 1:0(2- 5) . 

(x h the addre"8 of e..nt ~(' lvenlent re"I","el") 

To check the f!'\Ul ttp17 and div1 1. reset .... 1 t i. onl7 neese'f.·17 

to ·ltrf~rl!l n Ir.Jlt~nl1cat1on and 8. dlv1e on. The o1')f!rand~ wI"'re ct.0!ll6n for · 

eC<'Mrnyof the r8(,!.1l1rAd utol"ap:e, and th\1 todtC''.18 FoOS'S. of det~1lliDg 

the r~ Pt.l' h when 8J1 incorrect number 01 hlfh 11 obtained \tCtS earned 

out. It va.", fOllnd th:.t thep9 o-porandSf l I re 8llthfnctory. The seQuenCf98 e.lf t.; 
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fru1 tir1l >:8&8t 

ca RC(2-7) 
'lnl' RC(2-In 
qc RC(?- ) .. 

. tept ,,"oraBo, itt giTen 1n Appendix tl a. 'fed S"c:tuenc8 1ll1Jlber I. An 

ad Uirnal check 011 the 'P8rfoJ'lllance of tbe !! o~rat' on. 10 1nel u.d8d. 

t hour.' It it nntn .ed.d. 

d~t~1'1Y'lne ..,hethe!' thp. r,nte tube ttl eet'nbl" of ptJ.nin~ or reJe.ct1ng ) 

culnr niffl c 11 t19~ 1nvolved. but one e,,-,or.rle ,,111 be given beCt'U1$!8 t; 18 

v~n.1dBr GT01. the r~-lD g~te tube . It \8 ~ at.d on TP; 

thnt tiZ!'e. HOYfWel'. the 1ntoMTInt!en b only '.l!Ip.d tor thft tl f'.Dil ~r - -
(,'I")I'rt:.ttou. If we vant to check all of thl!)~e g~ tA tuh->p at onr-o, . ~.(t 

c(uldtry to ordA!' .!!. 31 or !I. 31. 'I 1. vt"\11d a1vay~ leaTe 0 ("Uh 

ar'!"ronrl~.te 81m) tn AC. If ClTCl of Y:l5 failed ~ 'rRP8 D. rul~8t tho 
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effec t would be to order !l 30 or !!: 30, which would also leave 0 

(wi th appropriate sign) 1n AC. Two steps must therefore be ul'I.ad .• II :~ €, , 

to check GWl of FFl and II 15 t o check all other GTw s 01 ell ..... -as ch{ sen 

in order that the initial contents of AC be significant). Thus, the 

sequence: 

on B1J(1/2) 
or 16 
qc RC(+O) 
oa P.C(1/4) 
sr 15 
<tc RC(+O) 

It should be clear that the alarm w111 be obtained from one or the 

. other of the two halves of the sequence in oade a failure exists. 

To check that all of these ga.te tubes do not always transmit a pulse , 

the obvious expedients of ordering either!!: ° or 81 0 w111 do . Hence: 

ca llC(2-15) 
810 
qc RC(2-15) . 

, 

-15 Note that the use of !.t 0 w1th AC containing 2 is not sa.tisfacto .. 

Th1u iame technique may be applied to the other gate tubes ~ 

The complete sequence 18 given 1n Appendix II as Test Sequence umber III 0 

A considerable amount t)! taUorlng was required in coding this sequence 

to fit into test storaee. The sequences developed here appear in some-

what altered form in Test Sequence Number III. 

5.2 Multiple Faults -The Proeram Counter 

A test sequence to Check the program counter has been 

des igned in order to illustrate the application of the procedure for 

multiple faults. A failure in the program counter affects the ordal 
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i n vHch t he in' tl"\tot i on~ are pArtor'll'Iad, f.'('\ t ht>.t & good. deD.l of at-

. 
~xi ~t' an e~cel1 ent ~e t~od . for check1 nr. th~ pror.rarn cnunt~r (a~ vol l a~ 

':'S nnd TSS) bnfleci on D. epactal o rtlmo w'-t ch hae been tm~porarny vi ftld 

4 
into the control mtrtxo lfo'W8Y"I", t hi •• h~·'ld not ad.,,~ r~el1 affect the 

value of thh tP.~t 8equence In llluetrating the l':n)cedlU" 0 

A block dte.f,'J'UJ of' PC ap-penr. tn Fle. 10 and t tf 01".-1"';" t iOfA is 

. '~rleny dircu~r:ed In section ?U~4. The YcltH(-"e-Ynrin.ti(lD. 11~. invC'lved. 

will 1.0\ be 1 hted. 'they IU'tI the 8~e llnep thp- t su'O!"ly 8.11 r epett be 

unit" (e.g. t AC, tOR, etc) 0 Only 5 dlgitll of r C (PCll to PC15) ,,111 

wll r anumo tru~ t the onl1 aT fdlure T'oaetble h ttle innMl tt;v to ~,tl8 

e. rul- e vl-9r. 1 t 1 fI I!enfl~d. FE1.t1uree in the rend-in f' ..... to tube. or t he-

'l"flY of l'lprly1ne: 1nformatJon to PC: the cnr.ll'r.nnd 8. 14 tt'l FC on 'fP7 

of r.ro(T·~WI tilllinc.L@t 110 &U\1JYIe thr.t Fe has been 0)1.'6r'-4 before t he 

~h~~p c~r.d1tinnD can bft ohecked by ob~erYt~ the ind1coior tl~ht~ beforo 

1-. . ~tor~d in reg!~ter o. The r~a,on for the a~8Ur.~tloD th t the e~te 

tubee dn nc"t r>D.81!.1 n ~11rieu, "ulpf! when Genged .h(luld t.n" be 01 Rar. If 

t~h T'OaalHHty wfI!re n.dtlttt.ed. the ftrl'tt l.mttl'UCtion cruld. cnncelY8bl1 

unduly cor.rr.licu.ted. ''Ie w111 novdi4tcu{t.8 the dellifll in detail. 
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to trig,reJ" from 0 to 1, tl-.u~~l"O.l12,Dg 0. NME! of chocldne 't0th thet 

ntpofiop tt8~lf i nd the t?ipr,f'1" tut>e (not PMwn i n t.he diagrab3) ",hi~h 

1 . 1'~. \ rul ~e vHI 8\lCCMld tn tl'l,;r.·rl~ th fF to 1. 

~. the 1~ will co~tl~e t~ eontoin O~ 

It 18 not ro.~tbl0 to ~pt~rmlne wblcb ev~nt ha~ t aken ~loc. until th 

.uhetluont COrtt.'(Uld. PC rpad ou.'. If tha J"Pa4-out [i:ttte tut>e (GT()::» hac: _ ., 

feHed. the 8f1!o'"nd lnGtruct\oD w(\\l1~ bft obttt'.Md fl"t'ftI l"8gtttfl!!" 0 r 

fI:li.rdl"!'lof th«; b b&.vlof' et th niT-nor. How .... · r, am) 1 i-p1e ch~ck 

Oft GTO::> 1 'Pl'Ovld l:y M03. eo th:t a.n ala."" ","u14 ~ obta'ned Oil the 

lequfulce of lnstmctlone would re.'JUfrom catt.~e In ordftr to ,:-et an 
-

elDon"' In tt-P"'" tWC'l C8.8ft8, 1 t h nf!'ceUf>r.'· ttt · ... tore en e.-,T'1'O-prt nte 1n-

etruct10ll In rogl hI' 00 Thh tnflt'l'l1C\1on fihol11d" yield an alum when 

Such an In.t~ctt on t. ad RC(l/~)o -
The addt tlon of 1/'2 to II? ,,111 1"*flUlt In a.n ovp.rllow lind elYe an arith-

",rUo ehec : alnnn. It nn t"lr!n:- 10 ~vent the 9ttecDd !nfltl'l1ct1rn wUl ~a 

Tl'-.e '0t"'.ond ar.d to PC flUl"'. (...·,· 1ch ~11 nt't ('~cur unl'"- tl~ the 

l'I'eviOlle r'1I1ctlonu ,,"re 'Pftrtot'Yl'l!d co .. !"ftotl;r) will r-f'/'llre t }w t thr". 
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funct~oa~ be perfoT~ed: 

~. GTC, ~f PC}:: tran!.! It &. G9n~ 1 1\@: rul~ 

3. rC14 trlgr,~r to 1. 

Th~re 19 a .u,,~t ~0581 b1U,'~! tbRt a nip-flop 1thich can trlgf,'er ' to 1 

cannot trlgc~r to 0, but c"'D!'ldernthn of thi • ~o •• 1 blltt, gJ'~atl7 COlD-

81blllty will lJe ~lIt'PoDe4 tlntU the end of tht I ". etton. If CT05 dae . 

not tranl~lt the ~l~et PC '14 cannot possibly be trlg~redo Hence , tba 

c~nt~nttl of p~ ufter t: 1 second add to rc PIllt"~ 111111 ' e either 0 or t'o -
A. 'aiD, it if! not 'PonH'lft t<" det.p.rmine ,,1: lch event occurr untll t he 

o to follow the in'!ltructton in reg' .. ter 1. r':'!t.< rdlplttl of ,the behavior 

ot the fU ' -no~. If thp. tU .... ·fior. :!'d led, tn trie:8r. th!, IHll:le (t1 t us,.. 

t10ll v"'uldb,. "btn!ned. SInce reei tot"!r 0 cl'lnto.'ns !l! (1l01/?), l\nd 

arUm-etic check n.la.T'Y" wUl be obtained t1' ref.'l .. tt'!r 1 cnnt: tns a 
~0(1/2) . tf no ~lnr~ 19 piven, the De~' In~t~ctlon Ie teken from rea 

The De'" add to 1"0 rul ~ 111111 C~.aN":fII tht'l c('ntellte of PO to 3, 

tor it ~nl elrer'dy been d8U!On8tr'~ted th&t rCl5 h en'Pable at trig,.;exolng, 

FUr th "'ftlO re , thft command PC read out .11 1 7181 d tbe ~ropl!r reud.-ou.' 0 

ThuA, the 1 D,.tl'Uot1one vill 't'e obta'Md troll regilter 0, I, P.. and 3 tn 

8\1coe~81on. The Instru.ctioll eontntned 111 re«hter ? 1naY theretore ~ 

fairly arb! tral7, IlUbJect \0 the ceDdl tiOD ttl' , t it ,,111 flOt Cell!> A an 
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'!'he 1'ourth add to Fe pultH! w111 change 'the c (l ntento 01' '"-' 014 
. -- .-~ . 

aDd rC15 to 0 and attempt to oJ'!..tlAge the content of FC13 to 1. I f t 

taUt, the ne~t lnst1'1J,cUon hi ~elCGJl from regh ter 0, :8.'11 ,,0111d bn tt'1:.e 

i f the rer,d-out rate tllbe of PCl) tan s. To obta11). an Marl! ",hen tr, t II 

fai lure occurs, it 1a neceOBary to UOB an 1netructlon in regl~t~1' 3 

which leeve; leaves 1/ 2 i n AC. A lui table eequence thl fal' t8. 

o ad RO(1/2) 
1 CD. H.C(1/2) 
2 qo ~o(l/'2) 
3 QC r:c(l/~) 

It th1. failure do e 'ot e~l~t, the ne~' lnA tructlon 1. correctly t~ken 

Contl~tnr. to r~ae~ft 1n tho flI W8.7, it ill found thLt the . 

inetructtona in r8g1.- tt'1'1I If, 5, 6, 7 vi 11 n.cenarl1y be 'p"rtolMlled fa 

the pro!' ... r order. l)el"l ... t~r 1 "[:01.110 ernt· In a.n tn tl"l.lctlon ,,".'t ch Yill 

1p.ava 1/? In AO ~o thnt an a1~rm will tp' obtn'ned 11' the neTt In~tructlon 

18 taken trom re~loter 0 Instead of regl e ter S. Si~ 'l a~ly, reg1~ter 

15 8" 0".11d contdn nn tnRtructi/"1l v ' leh lEta •• 1/-;> in AC. The crntenh of 

other reg! roteI'. rna:.' "he cr-OBen r"'Ore or les" .Arbltrari 1)p, lIubJect to the 

ct"'·ndt t1 on the t they do not caue' , an alarm when rcrtormed in the no rmal 

ordel'o 

. No" let u. dhcus. the r.lOdltlc~~.t1oWt "hi ch a te neeeela.J7 if. the 

ponlMltt1 of s. IT fal1in..~ to tr1r.ger from 1 to 0 18 consIdered . \'J8 

retarn to the ~econd add to PC ~1ge. tfthh failu.re erl~t~p rc vHl 

o('lntutn el th~r 1 or 3 after tth rul.,,... Tho oubttequ.ftDt r·c re~:d ou.t 

COf":'and will C8UpP the next instruotion t.o.be taken tJ'()1!I ree:1c-ter 1 in 

the t1r~t C~~e ond 1'~r. ~lther ~egt9t~r 1 or 3 in the ~~cond cepe, de ndl '~ 
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on vhetht"r ClT02 and GTO; have failed or r.:Ot. If it is; taken f!'Om 

register 1, the tn8tro.ctl!)n~ In regi9tens O. l, and 1 will be per -

f 01T.!!>d In tMt ol'der. Reghter 1 r.ou] d cont.ain an lic;t~ction w. h .. h 

y'leld~ a.n alam ",hen l'f!rfonned twice after thlt i n!:'tructlon i n r 8r,i £Iter 

0, bu.t no~ when it 18 'Performed once after the instruction in r ee.h tor 

O. Furthermore, 1t ttl-ould be lIJ.ch that an alann h obtained when the 

in.truct1onl 8 re T'erf"rmed In t.he order O. 1, O. The lnatNcUol1 

nd ~C(1/4) .aUtflea thet:e re-oulrel".entl. The other po!letbl1 ity 1" thnt -
the next i ntttruct10n 1. taken from ref;btel' 3: the instruction" 8.r e 

the rertorllod in the oNer 0,1,3. SuP"C'OP" thet repster 38.1"0 con­

taln'.!a RC(1/4). W1th t~i8 orde~ ot inet1'Uotlone, an alnrm 19 obt~ i ned 

If' DOne of thAg. ffll11 ttl h !,~""'nt. then the tnflt1"U.cti.on8 will be per-

formed 1n the corl"9ct order. 1.e., 0, 1, ? 3. Inord~rto nvoid an 

alam in corr~t oper:.tlon, rer,htpr ? It,ould c r atR-1n ~ F.C(s). whfllre 

~ 1& grp.~ter than O. 

D,y contl~ln~ th1 .. fP&~on!ng to the ot~or dl,,1t~ of re. it i~ 

'I'he d~t(:1l8 bec"P.'e Hr.h1y 1nvr,)vp.d, thcu<"h, nnd ",111 DOt be r,lvp.n her eft 

Thp proorlS of rtetp.rmln1ng approprla.tp. o-perands (e.g. tJo-.A qUtI.nttt,. z aen.~ 

t10n~ A~OV~) to bA uape with the. var10ue In~tructlon. eventually reo . 

by trial a.nd errcro 'rhe fl8quence vhlch 1tJ based on tHtt 'At of 801 ,.l U OJ>'\ 

1 a given 1n Appendl% tI as Ted l;equenc9 t."wnbflr IV 0 Again, only the 

contente of certe.1n regl ... teH need be fI-pec1f1ed to obtn.ln tb.i B checko 
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The oihftre mo:r be u-eoo tor aJ!l' pu.r~09('9 dedred. ':l'he choice ot thfl 

reghterS' to h.old the o~erandB vae made <lllHe a.rM trarily-. 'I'he two 

.f~ Instruction. were alflld to -provide ol'lnt1nulty 11\ tlie cod d pro~_~r'en. 

'!'hP.1r us p require, thP.t the PC read-1n gl'.tfl tub,."g b~ YO rk1~ proTl~r:.y • . 

;03 Trouble Loca.tion - Control-lUI ~e Out"'l}t Un!. tl' 

~h~ t~~t eequence~ designed 1n t~19 th~~tB ~.y be UA~d in 

rou ble-loce tion P' ocpdures .. When 8Il alD.rm 1" obtn.inec' dl1rlDg the 1')~" 

romanc" of' a tp*, sequencE". n. fallure 18 known to fn"lat.. 'l'te tno c·f 

elaJ'l!' indication, tOf!'ethflr with th~' cClnt8nt t' of the vl.i.r iout\ rAn "t, 11'8, 

'\' Clu 'd r.rovlde information w'tl ch simpl1tle8 the ta.lk 01 locating th 

tro'Jbl.e. In addition. 11' thi. al.nm ll'Jdica.tlon q. not obtained \TUh 

the oormnl f'u'PT'lly v~l tf.'.gP.8, but anl,. under 'M.rp.-' nal chl"lCklnr.- c('IruH t'OIl t.\:. 

it is rpP'{lClnable to a"~me th::tt the defective cr.mpollp. nt 18 ftUfp11ed by 

the ~1 . Tt1C ,1nl' vr.1tl,r:e-v:trln.t1oll Une tn"f'lved. It thflt marltin thUf' 

obtdned 1e ahllf'rrally low, the def~c'lve c "'mpotl"nt f'h(luld b~ 1~ ,rid and 

~ra1red (or reylac~d)e 

There are two cl09"ly re18t~d a"··"1'Oltchelilte the upe of in:fonne.­

tion provided by tP.~t t\e(\l1Ance. In tro1.1ble-loc{tti nil "'rocf,dure~. One 

1s to co r 1'flre thh data with 0. lht Clf .. the 'Y'I11'to1lltt lr.anif \4!'t\tpd b: the 

V2.!'iC'1!S pos.,HlA fc.lluTp.f!. Such a tal'tllr..UoD ll'O-Y be obtaill i by de­

tt>mJninf thA C'l"'·utp.d reln' t« 1n th~ pr8f1ttnee of ~l1ch ro."ll:1p, fn Hul"e. 

If tl".P ~ nfot"T"a t ion obtE\~ nAd f'f'f'ft! the 'Pp.~nJ'l!\ance of 8. teAt seQullncp 

r.:c~tch~e one of' the tabul·,t'c:>d sets of' symptoms, the fl!Ult 19 fe.,t·rly well 

locstp.d. P.ow,··ver, it h 'pdte 't'o.~lHp. tnlt thft slam va." onuS{ b~1' a. 
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co,..,b1nrti.t)n of fa.11u,..,... nnt co"@1dftrp.d In th cot"YUt:.t1on. THo l erulc 

u~ to the second &r.'"rOach to t1'tl\lhlo loca.tion, deduction ba.sod on \ht~ 

, 
or It mny ~p- uled n~ a en~l~tely Independent method of trouble toea-

t Ion. 1 t r qui re~ h!gh17 .kUled pe r onr.el And. on the e.vero.ge, h 

",ore time crnsuJriap, then the uee of a. l1et. ~,'r.tle the tabuh.Uon of 

.symptom. 11 a. tedlou8 andunattracUYetaflk, it "'akA" it po9d'-'le for 

relatlYely unekilled ~erlOnn.l to handle routine r, robleme In trouble 

10cat lon. Highly tlk111ed per"onnel may be called In yt- n the Iht ~l'OTe. 

illk.dettU8.t e. 

'l"he u." ot hoth of the.e Rr·r,roa.ehee will hI 11'u,trp.ttlld i n 

connecUon yith Tp.rtSt!lQ.u~D.Oe }lumher V (afte AT"l)fmdlx II) ,which ha" 

b"'en ded ,"ned t" chf!ck the cl'nt:ool-1Hlt;e outr.llt unt. tR (,e& Plp. 18) 

to all thA-e unitp bpeAU~e the 3?r~~tftrs of tA . t .toro~~ are tn­

A.deQuate fo1" all the ehort ~eCl.u9nc • wl:teh are r~qu1 N40 

TO lllufltrd .. f't tl~e t!r!'t &Tlr>l'Oflcll, .n.-wmfl tmt unit II1IDber 1 

w111 no~ 'Pn88 a po.!1 t:p. vh8n eenep.d. The r.ub!!" w)-teh it ftnnMll.1 urovtdee 

19 U9p.d t,,., read 0 1 t the C(\ f)tenb of' t.he · "t.ep Ct'lllntp.r on TP7 ot ttdJ at -
0:~r!\ :1 0n (ef'e Ftf.'o UOo Thb fAtlUT'e would thue result In 0 being 

atored aa the ,upposed ,ea1e factor. The on17 af operation It ,tored -.' 
ta red "tel" .12. The flCal .. factor vl".lch t fa r torf'd a..- & rf'tH1.lt of t~l. 

OT'''rnt· on ~8 chocked l>1 the So! In~trl1ctlon inrerht.~r 14. The cheek 

1ft not "erfo~ed unttl Tt'c~) ' 80 thAt PC w111 cor.t rdn 15 at tht...t t1JDe. 
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L leU coluJ!l!~n 15, 1~ f end l~ of thp. check r "t,!;iI>t ,- r wHI ro ve recdvad 

bac8l1"o t.he 8el'i~~ path of gate tubes yill not t r an1!J'lllit f\ '!"ul ~~ . l' A, 

0:1 yill contt-l11l0 111 dlp1t column" 15, 14 and 1? r~nd 1 tn all othaNo 

and ere, but It 1!57 be ttat rn w111 hllvft occurr~d before the a1 ~rs 

t"' Ll!'l~ a,.rhed It t cPO. n ue '1'PD 11&, cnntldll either t or 1. AO w111 

c~ntaln.o a will reglet~r 8. ~b~ . oontents or oth~r regl~ter~ are 

not 1 r- edh.tel, Mlevanto 

'Fow auppopp tha t th~ 8.~to~R d.~crlb~d above are ob~erYe4 

durtllf.: vol tn.l· e varlat10n. Udn,.: the .econd a'l"'rrollch, we can deduct! t hr..t 

thA tailure 1. cau,ed by a cnntrol-~ul~e out~ut unit. Tur~her, 1t 1 

,8.r"'o.rent tl'~1 t 1.0 £Inri re;:hter f contt! in 1'0 when they ~1-nuld contain 

11 x 2; 15. It \·t 8 r"e8JUl tt-.! !t I" g1 ~ter e 'dld nt't recetv. the BOal e f£.ctor 

o the tn~~ruotlon at E. ' Thl~ c~~ld bP due tn the tallure ot SO to -
J"f":.d O\lt or ot rer,i\Jtor f, to rend in (or both). Eith~r untt nwnber 1 

fatlE'd tf' ;'1'OY'de the COl"lll"a.nd SC rf'ad out or unit nUllll',~r 67 fail ed to 

~rovlde th~ C01'l-l ,nct ~torlJ.~ft rud In (rt.11). Now, unit IIlIIlhor 67 

in alfO u~e4 . on th(l! !!.o.nd l! oporl'.t1ons, nnd, rUt It l'W1'pena, th~re h 

on 1nf'trlct~on 'utDl': ttl dorf'4 1n I'ftt:l~tpr 11. I t 67,.,p.re the de- . -
fectlTe lnlt, J"~(lst~r ~ ~~uld cnnt~ln +0. It 1 WAre the deteotlvA un1l, 

re~e~~r ~ would oontain It. corrAct content,. 3lx2-15
o Thia reosoning 
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t f rlul tl -rllt faal h vo prettenot . the pro bi 001 bocO!llf't~ e t , nf1! der-> 

abl y -ore c ' ~11 c1 te4o If th multiple fE~lt rp~ul ! ~ in ftympt050 

\o.'hi ct CE'1l be err-lainod by a si nele fault (e. g •• th., :ra.llu.r e o~ uaHt 

1 u.nd I e to !,rovt do a ~he Io.'()1l1d hnve the seme etfect ~. tI t he failure 

ot unit 67 to 'Pl'Ovlde a tl:llr.e). the ' l'bide tnult ~m lt d be lnyp.t; Ugf~ tod t 

81th-'r b1' re"'l!..c8Il!P.nt of the l!Ul>'PO tJf~411 'defectt"e 'mit or b" observa.­

tton of A.~propr1:;te wa .... tol'll'l.. If the untt appearR to be o'r.'Bratinr 

~atletac'ortlY. then the nert .tp.~ 1! to Invert! ~ te the •• c~~blnetlon8 

of' falllh w~'ch ftrotatn the ~J'1!I'Pto~ •• T"h 1\11 &1t!0 the T'!'OC9dure to 

be followed wh~n a multl~le f'nlllt yield, .ym~to~~ which oannot be 

explained b~r e. 81 nt,l p. 4'8.111 t. 

FUrthp.r e7P.mY l~~ ~f the upe ot t~~t 8equpnce~ 1n t~uble 

loc~t'on :,r. ,-,iven in .. ct10nft 6.11 e.nd 6.1P.. 
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6.1 ~e1'"1!rltmt$.l _r:!f!.u). t 

Now t h t·t tba j)J'O'Po ~fI!4 met~d of dedp.;ning t et-t s9<tuence0 

de$iy,n eeverftl limit t heir o;or.l1c8.bllUy ill w,l '·'rnctice.l ottuatlonoo 

The 11 nal anAver crJA only be obta1nAd troll the o.ctual u ~e of the t est 

s equences. In order to f,P.t ~~~e \nd!cnt1on of thei r Yn1U8o ~ome t1me 

car ried Ol1t ~CfAllflO only C1 1 t!!llted Ut.>e vc.~ nvaUable . Th~ rp-.'11 h 

plJrhon. TM·t ProgrN!! l!uJ:,ber I cauf'ee r~ch nip-nop (OXCft1>' 0118 in 

. 2 
eontrol) to Ncel"e 'b(tth 0 GIld 1. '1'e"t Pro«rnll l!umb.-r tI'J)fI..forlr'1t 

each of' the o~erat1on" which hay. b~n accM't .. d tor "ermanent ulIle 1n . . . 
W'~/I.3 D1er11~Y rrog~ Numbpr. 1 condet ot two .e!a.rate · problemt!l: 

2 ~. 

one dlc:·la.7~ the cu.rve, 7 ::J x.. Y = X fI aDd '1 .IE; r on an 0,,01110 8CO "., 

the othf}l" dls1J1f\Y1! a faJ'!U7 of ~t.;.ra.bola.8.1 The lIee.SllroJ!tonts hMr bee%! 

tabul~.te4 In !'le~. 230 

':ho ra.rc1ns obtu.inC'd with Teflt f'rogrl'Jn t'wnbfllr8 I (lDd n did 



~'hh t ndient('8 th:.: t th. te~t prog~~, 'are aliollt a.S .ffectlVe a8 the 

tn~lcH t1 ne tb: t the tP.tlt ttfHluencee are 1l20~ ftt~ectlve. How~ver, the 

nftf.;t,Uve !"nl"gtn on ltne 79 with ns.t'!>lay l'rot'l'fdl PUmber I wat! Fcbout l-.alt . 

the 1D~·.r~ln wi th Tp.~t S"quftnce NWnber II. The low are-tn va. tftl.ced 0 

A 4efective tllp-flon 1n the diytde-pu1. dl~trlbutor (eee .ecti~n 6 .12), . . . 
but Dl !lplay rrogrmn Number I 40e. r.ot Ufl8 thlt divide OP f'!'t>lltioD at all! . 

Trte point! ur ' the need for tu.rthel" ,tudy of thA factol'8 which caule · 

tal1IlTf'9. '!'" :. rttcu. "1J'!ly with re(,*.!nt tn the 1nfluence of vol tnr,e Y:,riati on. 

'lhe mo~t plandble er.lp.J'tE<tton to~ tM difference In th fll va'u.ett of the 

frequ~ncy with vt-ieh the II'IUl Url)' (\p~nUon h 'l>erfomed 1n nhplaJ 

Freerat' rwnber I. Pt~rhap" the fcct. that the f'&rt,:11i VA' ll'eaNre4 bT 

noUD#'; the 'Y"1 t::l F,8 at wMch the !'attern on the dht>lay olonlo,core 

beecne dhtorted (no alnrm wa.~ obtntned) h~C! tome tntl.lena. on tM e 

dlfferftneft. In other worde, mi,.tnkes !n cor"llt:· t ·on r.lr.ht ~p'PA{\r betore 

en alarrl til obtained •. Turthftr lnvetUp,ct!on to o·btn.t.n a mor .. lathfactorr 

A c ' Al\1'-CUt e,.aYr.pl. of tho lnadequnc1' of Dl8'!'lay Pl'OgJ"8JII 

~mber T for ch~ldng J'lUl"Po.-el Cof cour •• , it waR r.ot intended 8.1 a check 

T'1"Oblem) hi l"'rO'Yided b7 the nep;aU.,e rarr,in nn line 113. 'l°he Ire.rein 

obtained with nh"'lay PrograJII P~Wllber twa.. ",boot tvtoe thr.t obtained 
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Report R~l77 ... 97 = 

fect~d by t~lp. fallur80 

Ot olle intnre~t 18 the dl ftor~nce between l'le r~l.' . t1 VA E'.lld 'T)01"--

to "P/HUI a 'Puho if} "'L\.r more likely thnn the eenerationof a spuri ous 

pul~e. Aleo of lntp.re8t ar~ the differ nco. betv~en ~~~$~ 1yp' aDd noga­

th·e I!Inrci n8 on line, 79 pnd ro. t t h.6n bp.en more or i. , . tnnd.l.l.rd 

rrncUce t~ Ut'r the roe1t iY8 InS.rgiD8 ~9 a.n l ndic[;It,1.on or the c~ndl ~. l f 

er.- lnypd. ':'he TlodUve w.:.rMnB on theRe l1ne~ ~(\re .0", th;ill udequat8~ 

but sr.me ()f theneeaUvt't . tl r,tne were quite low. '!' , h .,urr.p.~tfII that. 
, 

Mr,t,ttVtll JT.llrrine right vel1 be tnken into aOcoUlt In the COf!YT)lerr.enting · 

'PTOcedurne. 

':b& l!IOtlt fltr,nUlct'.nt rptQ11 t of th .. I1S9 c,r t "r. to,,' .ectuen~Cl 

I,. their s"rlICllHon tel the loca.t\oD of the cp.U8il of the low ma.rr,ln.fJ. 

'j'l-iA Is dS"C1"1bed in deten l'elOv. 

6.11 Dhcu,sdnn of tow .'arstn on 1.1ne 113 

In Mon.mrinr the T"l'rr,in on Hne 113. witr T,· .. t S"quenco ~uMbor 

ITt. n Wilt' notfld th: !t tlMt alA."" vnll! Cf'ftftt tently nb't.a.t ~d on the 9.£ 

tnstJ"llcUon cnntdnAd tn reghter 10. 'rhe ch~ck rHgf.,tAT ah"v"d thet 

f~l~1t ct)\1.unn 1 vall at frw.lt. AC contained +l/~ tntttoM of +0. indice.t. lIlg 

8Uccelll!1ully. thp. ftU.llt ""b.8 probnbl;. due to the fa11u. r e of the rp.ad 1n 



Rel'Q:rt R-17l 

. 
non W1\1Pl1011y 10'" 1l1lpHtude. Furthermore, th.- BIYlJ)Utude of t}'l\ I' ?"a.te 

The soreon ot or, VlO? (~ee rl~. ?l), w teh 8h~uld have b~en ~ppllet 

by 11ne 96. VaR actual17 fluT>J:Ued by I1n8 113!' Tt.l1! rubetantic.te" thl 

reasoning of ~ect!on 5.13 in which it tf' shown th::t n fe.t1111'f'l on liJle 96 

will te detected by tl10 ~pqunnceo It Is lntpre~ttnr, t~ r.ot~ that thll 

mhtake dl(\ ,ot affp.ct ()~er: .t10n [It nOM!lr..l 'Y01t: .'"'.ft. even UOUf'): the 

IflIU! tl"..£l.n thfll t~.rbt rary f!tnn.du.rd ot 1 )-our dbcU8B"d in fl8ct~on 1.:> 

tIt it 'wn. not d trot the f.l.1£J1'm ~'a.A c"n«itltpntly obtai"...· ~nthe 9.!t 

tnflt!"UCt 40n co r,.taintHl In reghtf.!r ?9. The ch~(·. _ ~(thter lwU,- .t d ' 

th(lt the dltlcrepancy wfle in dtgit ot'lwnn 10 '1'1-18 va~ (vnftred by AC 

wMch c('nt~1ned 0 i ll8tead of ill?" T~~h ('ould IDOfI\ e it, bf!! accounted 

for blo' tl fa.l1ure to ,hitt iett. Howey"'r, ,,1nce rilly the flip-nope 

I 
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n "p:rolonged .,top clock". not n cr:.~ck ref;'i ~ter alann. To makp. thl 

twPoth98h even more untenahle. thfH VB-I nnoth~r !l instruction In 

was th·t th~re W~I ~oMethjDg VI'ODf' wtth th9 dlvld on8ratton. It ceuld 

DOt be tht' fo.11uN of }~08.01 to t~ann17ln 1. for that ,,0".11d rp. ult In 

e. "prolongp.r i r.:tol' elo(~ktt. The only other ~9.1 no eourC8 of error 

. 
fomRd on thftU n ir-'/'loT! t nd f!~Og .. OI~ wn~ found to h1lv~ e. low t'o.rf,1Jl. 

'.the Wb~8 w/tlre rerlaead :;.nd the r.a.rgin (with 'rut S9qu,':'!nee lv~,:l PI' II) 

obtu.1 Md ::..t a dlffeNmt pOint In the !lpt"UenCfl. :rhe only poct~Hle 

8tea~'-Rtat.e. p.ver. at t e rp.dilced ;'01 ttlf:A. Tit'! ttme ~qulrf'd to cor-

fUl lnfnrr-at1on '.rae c'btn.1 ned, """rt1 eule:rly 1'egardlng trouble locatiORlo 

in th~ dlv.d.-pul~e dlptrlbutor, desntte the '~ct t~lt an alternate method 
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V n 9 \lsad f or conf h'rl'.a H an . we_ a. not.a ble e..chiev8f:1"'nt. A corplet s set 01 

t~ P. t ~equeflCf;" fl' ould be n "pow~rfUl t ool t n ach1ev i nr: computer r ellobiltt'1 . 

Can the deGit.n proCledur n c·llt1 1ne in tr'" thedtl bo ut:I:pd to ohtld n 

mot: a l ett In t hR0i7' . nt l~Etd. the MSV .. !' h ot'r arent1y yeR. ih4 

U!!'Iitat 1('\n8 se8Jn t~ bfl of a pre.cticn.l nature an<! conc t'lm the arnoun' ot 

'ti'Crk l"8q,.li rR4 for 1I0lT"e of the r-ore cn,."l tcated cr : nnel ~8g11'1enh. . The 

effort required In 110m of the, .• C9..~tJ ~e.y not juett". the rf>~111 t r. " 

It would ~robD.N y be more officient to devlft8 aUerDllte echerne.o f~ 

certain ~ount of ~tudy stould ~rec~d. th8 de~lrn of a tnnt .A~uence 

in .order to d.tp~ine whether the effort .lght better be expend.d in 

other dlrectloD.so 

The effici ency !lroblPl:1 19 lDO~t Hkely to 00 "pr1 0118 fQr tho •• 

chanr.el 'flr,mentf? yh1ch control the lJ'anh:-uV~t1on of Jnformat10n In other 

r;!rt. of the cotruter. The tllne-pu1"'p. dhtr1btltor h nerha:pe the t:J"flHteflt 

offender in thte rAp~ect. R1nc~ It controle moP.t of the ~9~rat10n 

01 the com~ut~r. A (Ood deal of aDBlt8t~ 18 reQuired to dfttermine w~~th€r 

an ala.rt\ 1" ;--.ctllallr obtained In the pJ"(II.-ence of a f'nUure. An lndlca­

t.tnn or the r"8.(-nt tlld9 of thh t""K ma~." bp. h.M from the rp...ct tru:.t about 

P'3 h'ur~ wp.re required to det"rl"'~ne whethpr M Ellp.rrr would bA obtained 

with -c;rogrol!l ttm1 ng only (a!l'"wnlng r,ll re(d tltcts clear and c.perat1on 0 

r,1vtnp: 'Program till'lng) for an open cirelli t 'Il each or thp CJ"1ptal.1 of 

the f"Q trh:. IllCldentll.lly, it It! interel'Ung to no te tho. t e.n a,larr would 

be obtained for only 6 of the ?4 orytlta.l.. In Cltlle. of ttll nature, it. . 

is T'robab1y mo"t efficient to circ~ent the dfttallE'd ' ·.nuly!'!. by the 

1np.tallatlon of a built-in ch8OklDf. device (~u.ch a device ha~ been 

sropotJfld for the t1Il'!e-p~1~~ dbtrUutor). }!ovp.ver. It !I 90211 8 likely thnt 

the !>J'Ocedl1re h not und.l.ly cr.:r;::':l1ct-ted 1n N)!'t C8.~e8. Of oourt"', t he 
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rapidly ~hen mal tiplfil faul tf'l.re contJiderecl. 

'Teet '-~<lu.enc~~ dl\!fl1r,nfl!d tor ctHl'pllcl·.ted channel Mgrnftnts MO 

. of du.M"U.s Talue in t roaole-loei·.t!oll prnce dur'-',. In :~ caeefl thlE-' \ .. s' 

The knovl .. dp that a. failure edsh eomewhere In e. large number of atac;:el 

I not parttcl.1larl,. helpful.. Sl10h tnformatlo'n cotlld probally be cb-

talned much more limply . The effort of d91tgnJng a t~t Be~eDCe t~ 

6.3 S2(tp.p.tlone tor ~r'h8r Wo 

The poa«ibll itlftG of te~t ch~cklng have not b~en fUll1 e~-

&Mll'Oach te> the problMl might .,ery well 871.t. If ".loll a.n nprx-oach: could 

be found. It vould cf'rtA.ln1,. ~ a t;re"t boon to the peopl@ WO nT" con­

cpr@med vi th dellir.n1J¥.: t~ft' 'Problems. 

~f*r.' rdl es8 of whetb .. ..- a new a1'1'l'Oach ann 'he found, 1I\lC~ worit 

take 1nt~ nceotlnt ae ma~ of thAI. tactor~ as ~o~~lblf*. Of eour~ •• 

thp.rA ar'" thp. tl.!.skfi of nctu..,\lly df!>de.nin~ tP.· .. t eequenCf.'B for the 

ent! re COl: pulpr a.nd analysing the J"eftu.1 t. for t~l1ble locl~ tlOJl 

purposes • 

. eent p.d in this theal . cv.n undo\it·\edly be tlleci for de$tlgn1ng te~t ee-

~ .. enc"o !he rt'wlh obtainsd are eneo\lr~tng ~ 18"f!I at!! a ota.rtlng 

point fo r fu'ur~ RtUdy which ahould bP. directed toward. Rlmplp~ and more 

effiCient ~~trod •• 

Approved 

• 
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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 diagram 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 a computer must be ex­
pressed in terms of a code. A set of Instructions that. wlll 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. lndividual 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, slngle­
address order code, parallel operation, and electrostatic storage. It is ex­
pected that computers of this type wlll 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 (AR, AC, BR). The 16 
digit positions of AR starting from the left are denoted by AR 0, AR 1, ... , 
AR 15. Similarly for AC, BR. Words enter AC through AR; 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. 

lnput-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. lnstructions are obtained from stor­
age In the form of Individual orders, each of which is represented by a 
single word. 

lnter-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 particular 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; In rf, rb, the number specifies an e;'Jternal 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 IntoAC the word that is In the register whose 
address is x. If q is a quanUty 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. • 

REPRESENTATION 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 digit is 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 every one by 
a zero.) In this way a word can represent any multiple of 2;-15 from 
2-15 - 1 to 1 - Z-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 3D-digit number . 

COMPUTER PROCEDURE 

Sequence c1. 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 sequentiaf procedure. 

Transfers. A transfer of adigitfrom one digit position to another af­
fects only the latter digit poSition, whose previolls 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 maybe 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 In 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. Registersfromwhich control obtains or­
ders may be called action registers, and should be listed separately from 
registers containing other information, which may be called data regis­
ters. A coded program is written out In two columns; the first contains 
the Index number of each action or da~ register, and the second column 
Indicates the word that is Initially stored In that register . In many cases 
part or all of a word maybe immaterial because the contents of the regis­
ter In question wlll be changed during the course of the program. This 
state c1. 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 certain register 
are 

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

The symbol ri x. When an address forms part of an order 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 represented by the last 
11 digits of a word whose first 5 digits are zero, which is equivalent to 
specifying the operation ri. Thus the word for an unattached address . x 
may be written ri x. It could also be written x x r 15 • 

) 
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Order 
I 

ri --

rs --

rfk 

rb k 

rdx 

rc x 

tsx 

td x 

tax 

cp(-)x 

sp x 

cax 

cs x 

adx 

sux 

cmx 

sax 

aox 

mrx' 

mhx 

dvx 

sl n 

sr n 

sf x 

THE ORDER CODE 

AC = Accumulator AR = A-Register BR = B-Register 

x is the address of a storage register; n is a positive integer; k designates an external unit 

Operation 

Name Code 
Decimal Binary 

read initlally 0 00000 

remote unit stop 1 00001 

run forward 2 00010 

run backward 3 00011 

read 4 00100 

record 5 00101 

transfer to storage 8 01000 

transfer digits . 9 01001 

transfer address 10 01010 

conditional program 14 01110 

subprogram 15 01111 

clear and add 16 10000 

clear and subtract 17 10001 

add 18 lOO10 

subtract 19 10011 

clear and add magnitude 20 1p100 

special add 21 10101 

add one 22 10110 

multiply and round off 24 11000 

multiply and hold 25 11001 

divide 26 11010 

shift left 27 11011 

shift right 28 11100 

scale factor 29 11101 

• Function 

Take words from external unit untll internal storage is full. 

Stop external unit. 

Prepare to use external unit k in forward direction. 

Prepare to use external unit k in backward direction. 

Transfer to register x a word supplied by external unit. 

Arrange for transfer of ~ontents of register x to external unit. 

Transfer contents of AC to register x. 

Transfer last 11 digits from AC to last 11 digit poSitions of register x. 

Transfer last 11 digits from AR to last 11 digit posltions of register x. 

If number in AC is negative, proceed as in sp; if number is posltive disregard the cp(-) 
order, but clear the AR. 

Take next order from register x. If the sp order was at address y, store y + 1 in last 11 
digit posltions of AR. 

Clear AC and BR, then put contents of register x into AC. If necessary, add in carry' from 
previous sa addltion. 

Clear AC and BR, then put complement of contents of register x into AC. If necessary, 
add .in carry from previous sa addition. 

Add contents of register x to contents of AC, storing result in AC. 

Subtract contents of register x from contents of AC, storing result in AC. 

Clear AC and BR, then put positive magnitude of contents of register x into AC. If neces­
sary add in carry from previous sa addition. 

Add contents of register x to contents of AC, storing result in AC and retaining any over­
flow for next ca, cs, or cm order. Only orders 1 througll15 may be used between the sa 
order and ca, cs, or cm orders for which the sa is a preparation. 

Add the number 1 x 2-15 to the. contents of register x. Store result in AC and in register It. 

Multiply contents of register x by contents of AC; round off result to 15 numerical digits 
and store in AC. Clear BR. 

Multiply contents of register x by contents of AC and retain the full product in AC and the 
first 15 digit posltions of BR, the last digit posltion of BR being cleared. 

Divide contents of AC by contents ct register x, leaving 16 numerical digits of the quotient 
in BR and to in AC according to sign of the quotient. (The order s115 following the dv order 
wlll round off the quotient to 15 numerical digits and store it in AC.) 

Multiply the number represented by the cootents of AC and BR by 2n. Round off the result to 
15 numerical digits and store it in AC. Disregard overflow caused by the multiplicatioo, but 
not that caused by round-off. Clear BR. 

Multiply the number represented by the contents of AC and BR by 2 -n. Round off the result 
to 15 numerical digits and store it in AC. Clear BR. 

Multiply the number represented by the contents of AC and BR by 2 sufficiently often to make 
the positive magnitude of the product equal to or greater than 1/2. Leave the final product in 
AC and BR. Store the number of multlplications as last 11 digits of register x, the first 
5 digits being undisturbed. 

NarES ON THE ORDER CODE capacity ·(i.e., if overflow occurs), a suitable alarm is given except as 
mentioned in connection with orders sax and sln. 

Effect of operations. The functions of the various orders are de­
scribed above. It is to be assumed that AR, AC, BR, and the register 
whose address is x are undisturbed unless the contrary ts stated. 

AR. AR is primarlly a buffer register for passing words into AC. 
Afterorders cax, csx, adx, sux, sax, apd aox it cootains the number 
originally contained in register x. After orders cmx, mrx, mhx, and 
dv x it contains the magnitude of the contents of x. The effect of sp x and 
cp(-)x is stated above. No other order changes the.: contents of AR. ' 

BR .. A number stored in BR always appears as ~ posltive magnitude, 
the sign of the number being assumed to be that . mdicated by the sign 
digit in AC. This convention has no effect on the lOgical result of the 
operations involving BR except that when BR contains a number that wlll 
be used later it is necessary to retain the appropriate Sign digit. 

Alarms. If the result of an arithmetic operation exceeds the register 

Shift orders. A multiplication overflow in sl is lost without giving 
an alarm, but an overflow from round-ctf gives an alarm. Orders sr 0 
and slO only cause round-off, an alarm being given if an overflow occurs. 
The integer n is treated modulo 32, 1.e., s132 = slO, s133 = sl1, litc. 

Scale factors. If all the digits in BR are zero and AC contains to, the 
order sf x leaves AC and BR undisturbed and stores the number 33 In 
the last 11 digit posltions of register x. 

Division. Let u and v be the numbers In AC and register It when the 
order dv It is used. If lui < Ivl the correct quotient is obtained and DO 

overflow can arise. If lui> Ivl overflow occurs and gives an alarm. If 
u = v ~ 0 the dv order leaves 16 ones in BR and round-off In a subsequent 
sl15 would cause overflow and give an alarm. If u = v = 0 a zero quotient 
is obtained. 
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AJTl-;t:nIX l'I ... ::>$ tat 1 s of Codod £.!:g~ 

( 
~'l!:'5T S!lll.l1!-.:t~C~: }:W'P ~:n I 

(To be u(I"!d I#ith ""01 tap,~v~'r1e.t1on Un89 17 nnd 78) 

KElfib t er ..: Content., Or4p.r ft 
-..~ T _ -

0 +0 

1 2:"7 

? -14 ? ., 33 x ;>-15 
.' 

(rr)4 (rece1yee scale factor) 

5 l/~ 

6 2-15 

7 
. 
ca5 1 ?4 

S ttl" 31 2 2; 
9 q.o 0 3 Ate. 
10 sf 4 4 

11 oe.5 5 
1? f'r 13 6 
l' -' etC 2' 7 
14 en 4 g 

15 qo 3 0 ... 

16 ca.; 10 

17 ~f 4 11 

18 "I" 6 1? 

19 qo 1 13 
~ In!' 1 1u 
:>1 qa ? 15 
~ ca4 16 
;>"l 

.' qc 0 11 
~ ca6 18 
:;»6 dv ; 19 
?6 qc 0 20 

?7 fl1 15 21 

:>8 qo ? ?? 

\. ) ~ ~p 7 ?3 
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T"~C:T s.:':cc.l1~: ~C~~ Nuv.~~:n II 
( 

(Tro be uf'ed wi th Tol tnre-vt>.!'i e.t1on Untie 79 tIlld fO) 

~8e~t!ll Content6 ·· oi-der It - . . . 
0 1/? 

1 1/4 
2 -1/2 

3 -1/4 
(w)4 (reo ift Ical. factor) 

5 1/4 + 2-15 

6 +0 

7 - -0 
g . ca 0 1 26 
9 mr 0 2 ?7 
10 11,0 1 3 etco 

\ 

11 .t 4 4 
1::> ao 0 5 
13 $1"1 6 
1)~ Q.c 1 7 
15 81 1 « 
16 (lC 0 10 
17 sa 0 11 
18 (toG 12 

19 cal 13 
20 110 5 14 
?l CIl.? 15 
?::> fl;8, ? 16 

"3 ~c 7 17 
~4 Co. 5 18 

::>5 ttc 1 19 
26 dv 0 ro 
?7 (to 6 ~ 

::>r. .1 15 ?? 

?CJ QO 0 ?3 

\ 30 mr ? ~ 

;1 00 3 ?5 

Pc reset to S; PC end-Cf;:.r1'Y Bh("ul d re~et FCo 
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'!'~.ST s~'~:-"u,:rc,: nrv. :t 'R III 

('t"OT ur~ wHh 1T!:ltl ;e-'1E.ri uHon tlnf"" 113, 199. ~l. ~COp 91, 96 17. 
rol, :,nd 141) 

f!ti!'" tAr I, Contents .,11. . Order l~' . 
0 -+0 

1 11~ x :>-15 

( ~.)? t. 0 (ell':') (chl" np,od by 0 rder JII' f,) 

3 33 x 2-15 

~?-:)4 (reCe1YA~ sCBle factor) 

5 II? 

6 -9 ? 

1 
-15 ;? 

~ ce.. 5 1 ?5 

9 ar 16 :? 26 
10 o.C 0 3 f.)tc . 

11 sf h . 4 

1? &d 4 5 
1"' ./ nc 3 6 
14 ar 1 7 
15 td ? g 

16 os. 6 9 
11 rr. 6 10 

18 ff 4 11 

19 fO.d 4 1? 
o::n ttC 2 13 

?l co. 1 14 

?? d 14 . 15 

~3 QC 5 16 
~4 ~r 15 17 
?5 ClC 7 18 
,6 f\l 0 19 
?1 oc 7 20 

?6 .f 4 ?l 

~ qc ') ?2 

30 ce. h ?3 
31 q C 1 p4 
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T;,:S': 'l'iX ... U-.NC·· ?lWf':'R XV 

( (for cheold ne the nror,rA.f"1 count"r) 

!e.g!!!.ler ff Coniento ....... . - Order * (tn correct. Op~ '''.l t lm -- ' . 

0 a.d20 1: 15 
1 ad ?1 ? 1(; 

? I!(Q. ?7 3 etco 
't ad 1'1 4 .-

4 ad ?S 5 
5 8\.\ ro 6 

6 ad?l 7 
7 ad?! 8 

8 qC 29 9 

9 tIP 15 10 

10 --
11 --
l~ nd ~ 

13 
___ 0 

I II 

15 caPO 11 

16 ~o PO 1? 

17 I!lP 31: 13 
18 -~ .. -
19 -to 
:'0 +l/~ 

21 +1/4 

~2 ----
?~ 

-' --
24 ad ro 
:>5 
26 ..... _-
27 dIs 
28 +1/16 
~ +15/16 
30 -._. 
31 . es. 19 ll~ 
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'I'SST Sr.: l1ENCji~ NtJtI1' ·'R' -=st_ 1.'- , .. _ 

(TO bit us",d wi th vol te.g.,-va.rlnt1on linGn Ih, 110. '90, 1 Sl, i.:.nd ?~l.) 

FC r~~p.t to ~; rc end-carr" ~y, ~lt need r.ot, ~~~et rc o 

A.C flhou"lcl be Olel.1" a.t gtn.rt. 
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Channel 3 A%l¥ of the routes which may be taken by lnformat.ion 

aUp!:l1ed to the input of t;he compl1tere 

Channel Segment : The ~ort1on of a channel which is contained in a 8oction, 

Component ~ The D'lOf't elementary parts of which the COD'IYuter 18 

constructed. e.g., resistors, condenaere, vacuum tubes , ( ) iltS, 

Sect1on~ 

Ste.f:e ~ 

Test Sequence ~ 

Unit ~ 

All stages "'hlch are au.ppl1ed by a glven voltage ve.riatlc n 

line. 

An elementLry circuit contain1ne at leaRt one vacuum 

tube tor ttl. equivalent) which performs A. ei~le func ... 

ttoh (eng., a flip-flop, a gate tube~ OT an elec tronic 

@v1tch, but not a r8g1~tf!r, a counter~ nor an adder)', 

A grour. of iruttructions to the com::::uter vHct cause 

information tn be routed along certain cha.nr:el seg~ 

ments. As used in th1. thesia , test sp.quence refers 

to a gr(\u~ vhlc~ may be performed with the 32 registers ., 
of test !!torage. 

Any nertlon of the com,uter wHch c()n~ir- ts of l'~t 

least one stae:e" 
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ADDITION : 

DIGITAL APPROACH 

5 
+3 

8 

(
DECIMAL) 

NOTATION 

101 
+ II . 
1000 '. 

(
,BINARY) 

NOTATION 

MULTIPLICATION: 

5 
X3 

101 
I I 

101 
101 

ADDITION : 

15 

(
DECIMAL) 

NOTATION I I I I 

(
BINARY) 

NOTATION 

ANALOGUE APPROACH 

1 5
, 

I • • • • I A B 

I ~<- 8-~~1 

5+3=AB+BC= .... I .............. _ ......... --+-I .............. ---il =AC=8 

ABC 

MULTIPLICATION : 

iii 
H 
B 0 

IF AE II DC, THEN. 
II ABE rv ~ DBC 
HENCE, 

BE _ BC _ BC 
AB - DB - -1-

BE = AB XBC ·= 
5x3=15 

COMPARISON BETWEEN DIGITAL AND ANALOGUE 
METHODS OF COMPUTATION 

FIG. 1 
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NOTE: . 
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In matrix turns 
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(a) SCHEMATIC REPRESENTATION 

off correspond ing-4-*-+ __ -+ ___ +-__ r.-+-~ 
gate tube 

o o 
FFI FF2 

(b) BLOCK DIAGRAM REPRESENTATION 

THE ELECTRONIC SWITCH 

GTI 
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TYPES OF DATA 

------------. PULSE 

- ----[> FIXED GATE 
ALL ARROWS INDICATE DIRECTION 
OF FLOW OF INFORMATION . 
ARROWHEADS APPEAR AT FORWARD 
(DESTINATION) END OF LINE . - D-C LEVEL OR 

________ . ___ ~.~N:r_ROLL_E~ _~ATE-,__ _ _ ___ _________ _ ______ ____ _ 

DATA CHANNELS -

==~~ 

==~fII" r t . 

-
~ l 
- ? --

left __ 
======:~ - .) 

SINGLE CHANNEL LINE 

MuLTIPLE CHANNEL LINES 
INDICATING NUMBER OF INDIVIDUAL 
LINES AND DIGITS INVOLVED. 

- - --------- -------- ------ - - --------_.--

CONNECTION OF LINES 

J 
I EXAMPLES OF BRANCH CONNECTIONS_ --_ ..... ,---t.~ ;> FLOW OF DATA INDICATED BY ARROWHEADS, 

WHICH PREVENT BACK-FLOW OF DATA . 

J 

LACK OF ARROWHEADS ALLOWS DATA 
FLOW IN BOTH 01 R ECTIONS BETWEEN 
A AND B. 

NO CONN ECTION 

CRYSTAL CONNECTION IN MATRIX } 

DIRECT CONNECTION IN MATRIX 

DIRECTION OF DATA FLOW 
IS INDICATED BY ARROWS 
OUTSIDE OF MATRIX . 

1" • J .; 

.:-: 

COMPONENTS 

OUTPUT ~ lOUTPUT 
WHEN"O" ___ WHEN "III 

FLIP-FLOP 
o I 

FF 

'--r----l--- .--CLEAR ~ j SET 
OR OR 

SET "Oil SET"I" 
COMPLEMENT 

OR CHANGE SETTING 
-- ---------- --- ------- -_.---- - - ----------------

PULSE ... 
INPUT -

--1 PULSE .. 
GTJ OUTPUT-

Q GATING 
I 'INPUT 

PULSE r-- PULSE 
INPur--' GT OUTPU~ 

~ 

~t GATI NG 
\ INPUT 

GATE TUBE 
PASSES ANY NUMBER 
OF PULSES DURING 

GATING 

- ------------------ ---------,---------- --- - - - --

PULSE PULSE .. 
INPUT ~ SG t-OUTPUT· 

~I GAT I NG 
INPUT 

PASSES ONLY ONE PULSE 
FOR EACH GATING . 

SYNCHRONIZI NG 

GATE 

1--- ------ --- ----------------- -----------------~-

PULSE __ ~I FIXED-GATE OUTPUT IS GATE OF 
IN-PUT - L~G I- OUTPUT =-[> FIXED LENGTH (USUALLY 

ON 
_--1 ABOUT 0.4)l SEC) 

P=:-CU-:-:-L~S-==-E --~ CON T RO LL ED 
I~PUT~ ..j_ GGJ GATE OUTPU~ 

OFF 

OUTPUT IS GATE OF 
VARIABLE LENGTH AS 
DETERMINED BY TIME 
BETWEEN INPUT PULSES 
BUT LIMITED TO A 

GATE 

GENERATORS 

_ _____ . ___ _ _ __ . ____ F_'._X_IE_D __ M_A_ X_I _M_U_M ______ ~ _____ _____ _ 

PULSE ~-E I PULSE 
IN PUT-- 0.5)JslouTPUT· 

~~~?_~ - raft PUL~~ .. 
INPUT I ~ OUTPUT 

70 .5-15 .0 )lS 

I 

DELAYS DATA BY THE 
FIXED INP'CATED AMOUNT 

DELAYS DATA BY AMOUNT 

SLIGHT DELAY WHICH 

DELAY 

ELEMENT 

- -- - --
- - SWITCHES 

1 l SWITCHING ACCOMPLISHED 

-~-

-l 
PULSE _-l DE~£>~~-S~~ 
INPUT - I ~ OUTPUT 

MAN UALUY VARIABLE WITHIN j_ 
INDICATED RANGE 

IS REQUIRED LOGICALLY FIG. 6 
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
DI VISION Of' INO J STRIAL COOPERAT ION PROJECT NO. 6~45 MAN UALLY. ARROWS 

I NDICATE DATA FLOW . 
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PROBLEM VOLTAGE-VAR IATIO~ LINE NUMBER 
BEING 

PERFORMED 77 78 79 80 113 

DISPLAY PROGRAM "I (I ) ( I) ( I ) (I) (I) (J) (I) (I) (I) 

(POWERS OF X) -32 +34 -30 +31 -10 +49 -13 +30 -17 

DISPLAY PROGRAM *1 (J) (I) ( I) (J) ( I ) (J) (J) (J) (II 
(PARABOLAS) -32 +34 -30 +31 -10 +49 -16 +30 -18 

TEST PROGRAM-I 
(2) 

-28 +39 -29 +27 -20 +41 -24 
(2) 

+33 -9.5 

TEST PROGRA M ·2 
(2) 

-25 +30 -26 +25 -18 +40 -22 +23 -10 

TEST SEQUENCE #1 -26 +33 -25 +26 

TEST SEQUENCE #2 -17 +42 -22 +31 

TEST SEQUENCE #3 -II 

NOTE I : NO ACTUAL ALARM OBTAINED . MARGIN MEASURED BY 
NOTING VOLTAGE AT WHICH THE PATTERN ON THE 
DISPLAY OSCILLOSCOPE BECOMES DISTORTED . 

(I) 

+48 
( I ) 

+48 

+46 

+38 

+39 

NOTE 2 ; NO ACTUAL ALARM OBTAINED. THE "PROLONGED STOP­
CLOCK"CONDITION OCCURS AT THE INDICATED 

VOLTAGES. 

MARGINS OF CORRECT OPERATION 

FOR SAM PLE PROBLEMS 

(DATA TAKEN ON DECEMBER 9, '49) 

FIG. 28 




