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11 . Gr::m RAL . -- The :1.:C' :l.t~.,_,'n ,?ti c Scct 'i. on, l :Jca ted i n tho 10 , JO'.) C-1bi:1ct, ses 

:::peci~l pr "'codure:.; :-l e:d. ·..red from t he fundru:ien t nl pr oces.::; e ::; of bi na r y a r2.thmot i c t o 

per fo r.n all t l" e ari t hmeti c an d l o ~;i cal opcra tbns i nvol ved i n t he exe cution f inst-

-:."Uc ':,i on s . The sect.ion P''r fo rms :!. ::dn -;l e f unr'.o.:01enta l oper a t icn , s.J :ii~ion. 

forms a1.l of t 110 o t her ari thns tic :end logical oper a tions as f orms of addition . Be-

s i des i t s primary funct:i x 1, t he sect.i on per forms several auxi l i 8. r y f unctl ns , as 

follows : 

(2 ) I t s er ves a s the swi t ching cnnter fo r mos t of t he internal t r a nsmissi ons 

of data . 

( 1) I t tu:; serr.bl cs and disas sembles words a s t he·1 pas s to and from t he Mag-

ne t i c T-:. pe Sy s t em. 

(l ) It pr ovi de s t he conmuter with t he t wo s t or =i. ge cl a sses A a nd ~ . .Each 

of t hese cla sses pr ovides r api d- a c cess s t ora ge fo r a singl e J G- bit word . 

The a.r i t hmetic s cct1on is compos ed or three r Pgi s t e rs , t he X- H.ez i stcr , t he Q-

Regi s ter, and t he Accumulator, and the Ari t :1metic Sequence Cont r ol. Th e f ollowi ng 

subparagraphs di s cu s s the charac teri s t i cs of ea. ch of t he t !:ree r egi ste r s , t he special 

pr oce 1 -res of bi nar y arithmet i c i.rhich adapt t hese regi s ters to the performance of 

a r j_ t h.me tic and lo r~ ical oper ations, and t he char a cteristics of t he Ari t hmeti c Seq -

u ence Cont rol ~md t he manner :!.n whi ch it ~ irects the per f ormance s of t he a r i thme t ic 

a nd l ogi cal oper ations by t he a r ithmi:>t ic r egi s ters. 

b. X- dEGISTER . - T'1e X-Register, X, i s a simpl e s t orage r egi s t er capabl e of 

holdi ng a 0ingle 36-bi t wor d . I t stores the a dden, , sub t r ahend , mul t i pl i c ' nd , a nd 

di vl::;or duri ng t he corresponding ari t h!'!leti c operat io 1s and s erves as a Sl.oTi t cl:i ng r e Y-

i s ter durin;~ mo s t of t he i nt ernal t ransmis sions of data . The r egi s t er consist s of 

36 sta:~e s , each composed of a flip-nop, wi t h mu l tiple i nputs to its "l " and 11 0 11 

s i de s , and s ever al gates , ena bled by either of t •1 e fli p-flop output s. Each stage 

holds one of t he di gits of 3. wor d, t he di g:i. t having been stor ed there by a pul s e 
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ap'. ']ied o t ' : rro:;:' e r one of t hP flip-flop inruts. 'l'he digit is re 'ld from the stage 

by probing 1ne o ' the & tc ~ t-1i th a second pulse. If thr; gate is attnched to the !11 11 

,. . 

out.p t of t!:·e fl : p-flop , t he pulse transmits only a "lH dlgit out of t he sta L~E> . If 

the gcte is a t tat.:heu t c t he no r? output, the pulse trans its only n "O" dicit from th e 

sta e. 

'I'he X- Reii ster i s prepared for receipt of a word by the si mal CLEAR X. Thi_s sig-

nal effectively cl ears X of its co:1tents b;r setting each of the flip-flops o the "0" 

s t ate. /\ number held in X is complemented by the sicsnal COMPLEM:C NT X. This signal , 

ap l i ed to the tri '':''. input of euch n i. p-flop in X, !"'everses the state of the flip-

flop regardless of its initial content . The signals i..tiich transmit words into X are 

' 
as follows: 

(1) Q 1 - X'. - Th<' stages of X must be initially set to 111 11 by the signals 

CJ.FAR X and COMPLFMENT X in succession . Q' -1 X' inserts the word held 

in Q into X by transmitting the 11 0 11 d gits from Q into the respective "0" 

inruts of X. 

(2) ,\ R- X. - Tl: is signal inserts the number held in the lower - order 36 

stages of , into X by transmitting the 111 11 digits from AR into the re-

spP.ctivP. 11 1
11 inputs of X. 

( 3 ) SET X to 1. - This signal inserts t i: e number 1 into X by se t~ing its 

- \ .' owest-order flip-flop to 11 1 11 and all of its other flip-flops to 11 0 ". 

\ 
\ 

(L..) SAR - x. - Th is signal inserts an ad ress held in SAR in .o th 1 5 lower-

order stages of X by transmit tin-~ the 111" digits :trorri S!\.R into the res-

pect,i ve 111" inputs of 

( 5 ) INITI/\TE RE \ u HD. - This si0 na l results in the transmission of the "l ri 

dit;its from a specified MD address into the respective "1" inpu ts of X. 

(6 ) INITIATE READ ES . - This signal results in the t r ansmission of the n1u 

digits from a speci ied F.S address into the respect ive 111 11 inputs of X. 

TI1 pulses whicl trn.nsmi t words 0:1 t of X are as follows : 

(1 ) X --.. Q. - This slgnal inserts th e wor d held n X into Q by transni tting 

the 111 11 digits from X into the corrrsponding '1J 11 inputs of Qo 
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(2) X1 _,. Aw - This signal pt: rforms the first step in the addi tion of a 

m.nnber in X into A. The pulse reverses t he st a te of those C ip- flo ps 

of AR whose corresponding flip- flops in X hol d "O"s . 

( J ) X ~PCR . - Th i s signal i nsert s ~n instruction, . eld in X, int o PC, by 

transmitting the 111 11 di gi t fr om X into t he corresponding 111 11 i nputs of 

UAK , \TAK , and MCR. 

(l) INITI ATE WRITE MDJ_14, INI TH :WE wRITE M°-1 5-291 I NITIATE 1. ,JTE MIJo_35· -

Any one of t hes e sio;nals initiates the transmission of 111 11 digi ts from X 
to a specified MD storage address . The fSI'OUp of dicits ~hich 
is transferred, in each case , is indicated by the subscript numbers . 

(5) INITi hTE WRI 'i'E ES0_14, INITIA E WRI' E E3i5-29, I NITIATE WR.ITE ES0- 35. -

Any one of t '1 ese s i gnals ini t i a tes the transmi .,sion of "l ' digits ram 

X to a specified ES storage addres s . The group of digits which is r ans-

ferr rd, in each case , is indicated by t he subscript numbers . 

(6) Xo-11 -+OBK , Xo-11-w IBK, Xo- 11 _,. 2BK , Xo-11 - 3BK . - Each of these si -

gnals transmits 111 11 digits f r om the twelve lower - order sta ,es of X t o a 

dif'fer cnt one of t 't e four Block Counters in the MT ~toragc System. 

(7) X0- 5 ..... TWR. - This signal transmi ts th e six lower-order d.i eits of X into 

t he t h r a tron T rpewri t er Register . 

(8) x
0

_
5 

_,. HPR. - This si gnal transrr,i ts t he six lo· 1er- order rligi ts of X into 

t he thyratron Hi ~h Speed Punch 
..... eg1sver . 

c. Q- REGI STER. - Th e n- Register i s a 36- sta3e stor age r egi ster similar to X. 

It has th e added propertv, however, of l eft circular shi ft, i. e . a wor in Q may be 

s'' ift ed one p' ' :e to the le f't, wit"" t he highes t or der digi t enteri ng the l owcs or der 

s t age, by the introduction of a single control pul se . Q holds the multiplier , quo t-

ient, anri logical , ul t i pli "'r in "'"'! e corresponding operati ons. As inte:r nal stor a ,_,e 

class Q, i t provides rapid-access one- word storage durin , t he performances o f other 

operat fons . 

C-l is cl eared by the signal CLE/\.R Q, 'Which sets e'l ch of its fiip-nops to t he "O" 

sta e. The signals which transmit words into ~ are as f ollows : 

(1 ) X _. :i . - This s i t:nal, (Us cuss d in t he pr evious par graph , transT'lits 
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(2 ) PT FF.ED PULSFS. - Es ch of these signals, during l on.dint, , t r a nsmits six 

bits of a vo r d stored on the punch ed tape i nto six lower - order s tages of Q. 

(J) MTO - > Qo-1 · - This signal transmits the t wo bits s tored int e mRgne t i c 

tape output r egister into t h e two lower- order sta;;es of Q. 

(L, ) S"F'T Qo TO 1. - Tliis si gna l sets the lowest-order fl ip- flop of Q to i t s 

111 11 state. 

A wor d stored in Q is shi ft Pd one sta ge to t he l eft by the sienal QL 1. This 

s i~nal tra nsmi t s the digit stored in ea cr st1.1r,;e of Q into the flip-fl op of t r e next 

hi 5hPr-order one, wi t h the ~i ~it in t he highes t-order stage being trans itted into 

the l owes t - order flip- flop. The signal Q35 -> Q0 , r;enernted durin-~ the divisi on pro­

cess, tra nsmi ts f;he contents of the hi gl: est order stage ( ~3 5) into the lowr t order 

sta ge (Qo). The signals which transmit words out of Q are a s fo llows : 

(1) 0. ' ·? X1 • - This sigm .1 , discuss ed i n t he previous ya ragraph , t ransmits 

th e word beld in Q i nto X. 

(2 ) Q0- 1 -;.MTI . - This si fJna l trnnsmi ts the di gi t s held i n the two l owe -

order stages of Q i nto t he Ma gneti c Tape I nser t ion Re ,5i s :.er . 

d . ACCUMULATOR 

(1) FUNCTIONAL CHARACTERISTICS. - The Accumullltor i s a 72- stase f li_ - fl op 

r egi s ter, with subtra cting and s hifti ng properties. It .. orms the sum i n add i t ion , 

t he diffArence in subtraction, t he product in multi plicat ion nd hoLis the di vidend 

a nd r emainder i n rUvision. As 'internal s torage class A, i t provides r a!Jid- a cccss 

one-wor'~ storage during t he pe rf'o rmances of other oper a t.ions. The 36 lower-order 

sta ges of A, des i gnated AR , a r e numerically equi val ent to ' he stages of' X a nd Q. The 

J 6 higher-order stages, designa t ed A1, provide t 'l e a ccumula t or with doubl e pr ec isi()n 

propF·r t .ies and the capac i ty to ::an ' le double leneth numbers . Numbers are transf erred 

'i n t o I\ exclus ively from X. During t he transfer, t !-1e numbers are autom~1 tically conv­

erted from 7.he modulus of X (235-1) to rhe modulus of A (272- 1) . T::e accumulator i s 

basically subtr a ctive, tha t i s , it subtr acts a number entered i nto it from ";,he num-

bf' r it alrea dy ·1olds . I t is marle f unctionally add Hive by providi ng automatic comp-

l rmPntin ~ of the number during i +s +ransmission f ron X. As a r e sult , a number is 
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a lways aided into A; subtrac tion i s performed by compl emer.ting the number before the 

transmission and automAtic com .lement.ing t akes pla ce. 

The secti., ns of t he accumulr.i.tor, AR a nd A1, are cl ear ed by t h e r espective signals 

CLEA l\R and CI.E.l\R AL , Pach of which sets t he flip-flops in t he designated section to .. 
t"1e 11 0 11 s t a t e . A numbPr in A is shifted t o t~c e l eft one pla ce by the si3nal ALL A 

number in X is a:lded ::i.nto A by the f our signals X' ~ AR, AR PROBE, AL INPUT, and A 

::'R· r~~ . The spechl ized function which each of these pulses p . rform during the a 'di t · " n 

is di sc ·i sed in thr: s uccee '1 ing subpara graph w'- i ch di s cuss e s t he arithmetic properties 

of t he a cc1mmlator. A number in AR is transferred i nto X by th <" si<;nal AR ~ X, dis-

cu; sed in a pr evious para~raph . 

(2 ) :\ RI'T'HMf'.TIC PROPERTI ES . 

(a) G~-NERJ\L . - 'f'1 e basi c ari ti:metic operation per formed is a sequence 

termed " Add X to A". Since most arithmetic subroutines contain t his fundamental op-

era tion , it i s i ·perati ve t hat " ·\dd X to A" be well unr:i er stood . 

There a re two factors that tend to c"mplicate the cc'!"I . reh ensi_on of t ·is operation: 

one i > the subtractive nature of the l\ ccumul. tor and the other js the do11ble length 

o - '.? e Accumulator. To perform ad(Hti nn in a subtr active ~ccurnula tor the complement 

or th ~- contents of t he X-Register is subtract ed from t he ~ccu_rnulf1t.cr. The trans f er 

of ~' e com. lernent of (X) is achirved s~_mply by trn.nsmi tting from t he 110 11 sida o each 

X s t n · ~e ' o the corre s~.,nd3 ng s t!-:. ge j n A. The double length r-f the t~ ccum.ulator presents 

a problP.m in he r andling of the alflebraic sign. Since t he sj b'"l1 'Yl tho X- Regi ster is 

held 1n the h-:.;hes t-ord er sta ;G, r35 , and thP s icn in the Accumulntor is held i n he 

h : g· .e;,t- orde1 st.ag o A1 , A.71 , a mPans must be provided to transrii t t he sign j_nfo-

· rmat:ton :,nto t he upper half o:' A. By a sstnn:i ng the .xi stance of an imG.~inary urpe._ -

order X-~negister consi 2t i ng r, f x
3

6 t hrough x71 whi h i.rlll be refer ·ed to as XL, +he 

di fficul t y ca.n r r_,nd ily be r 0solve d . XL actuall~.r i s rep e :::; Gnted by a single stage X3 5 • 

If x35::o, all s t ::iges C' , L -would hold zeros ; J f X35 =l , al l stc g ·s of X1 wou~d hold 

on"S . Then we can as . ume t ':n -t a tr~.nsmi s sion from X1 i. A wouJ_d be carried out ex-

a"'tly lik-> the -' r"n''"' l. "Sion f ro'"' ' t o '\'R ,~,l t ' .. +. n,-,,, d be ·lore i' s to S nse -}'; e val-., ' .• , I, c\ "" I ,> ' _, iq • C • - ' 

ue 1n x35 ".1. nrl t r ea t nlJ st.A. o:e s f AL :in a ccor:lance .J tb this value . 
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T~.e ci ·cui try between X and A a ctually carries out addition in t wo ciistir.ct <>teps : 

the firs t is t ._;e ransmi sion from X to A, and the second is the genera tion of borr ows 

whi ch have t he dual purpose of compl et · ng t '. 1e subtraction and correcting the al gebraic 

sign. To perform t hese ste~ s, t hree rules must be formula ted : 

1· A bit in an Accumulr1 tor stage i s changed from 110 11 to 111 'i or from 

"l" to "O" (compl emented ) only if t r e corresponding bit in t he X- Register is non . 

,g. A BOFROW from t '-le next hi gher-order stage is necessary if a bit 

i n an Accumulator stage is changed f rom 11 ) 11 to 111" . 

l· A RA. I D-BOBROW from t he next higher- order stage is necessary if 

any borroi..r changes the bit in an Accumulator stage from 11 :) 11 to "J" . 

Consider tte case in 'Which a positive number in X i s to be added to zero i n A. 

'The .first step c::msist s of transm · tting the complement of t he number i n X to A. 

Since in this case x35:0, the non-existent XL will contain all zer os. The t rans­

mission of t he comple '" ent will r esult i n A containing ones wherever a zero is pr es-

ent in X. The partial sum effected by this transmission will a:pear as a negative 

number i n A because A1 'Will cont a in all ones and the sign is detennined by a 111 11 i n 

A71 • However, the second st ep, in which BOTiROWS are generated , will r ecti fy the ap-

re. r ent errors by changin r_s the ones to zeros in A1 as well as correcting the sum i n 

Aa. The final sum , t herefore , a _ p~ars as a positive nu.mber (A71:0) and the number 

in A· will be identical with t hat i n X. Thi s operation is ·'~ r·•m in the foll owing 

example in which a basic regi ster lengt h of four stages is used . 

(X) 

Initial Condition: 0000 0101 

I n assuming t hat the X- Register is also of 

double length, X would appear as: 

0000 0101 

STEP l . The t ransmission of the complement of (X) results in 

t he followfog partial sum : 

---- (... 
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Thot'le s tagPs f . w!·. ~ch were c!1anged from rrr1 n to 111 n 

mi es !".itate b0r r ' ws f r m t he next h i gher order s t age (an oblique solid "1.rr· w i ui ca t, es 

a BORROW, a horizontal broken arr ow indicates at i.PID- ORROW) : 

The f'; nal r esult a t P.r all bor ro s are compl eted i s as follovs: 

0000 0101 

The ~in~l sum i s now the sum of (X) a nd ( A) , 5. 0, and is positive since A7::J• 

This oper a t ion is effected by f our signals: two trans i s si ve si gnals , x·~ 

AR and fl.1 INPUT , and , l ater , t wo borrow signals, AR PROBE and AL PROBE. The sig-

nals X' ~ AR and AR PROf!E are always pr oduced in an "Add X to A11 operat1on , but the 

signals A1 INPUT and A1 PROBE are produce d only when t he number i n X is positive 

Ea.ch accUJ!l11l a tor s t a ge contains, in addition to transf er and shift ga tl3S , a '1bor -

rov•' gate and a "r apid- bo:rr ow" gate . In AR, t he "borrow" gate i s enabled whenever 

t he staee s t ores a 111 11 and t he corresponding sta.c;e of X stores a 110 11 • The signal 

AR ?ROBE passes t he enabl ed e-ate and enters the next higher -order stage us a BORROW 

si gnal. In AL, t he "borrow" gate i s enabled wf~ en the staee holds a 111 11
• The signal 

A1 PROBE then passes t he gate and enters the next higher- order stage as a BORROW sig-

nal. A BO POW signal a l wavs performs two fun ctions in t he stage it enters : 

1· It probPs t he "r api d- borrow" gate . 

g. I t reverses t he state of t he fli.p- flop . 

A "rapid-bor row" ga te in ei t her J\R or At i.s enabl ed when the sta ~e with w>.i ch it i 

associated storPS a 110 11 • 'l'he BOBROW s i gnal pasr~e s t'1e enl'tblcd ""ate and enters the 

nevt higher- or der sta~e as a RAPI D- JJn n.m~ s i gnal. The tAPID-BORROW perforr:1s t'.1e arne 

func tions as the BORFOW. 
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