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an opposite direction when line OBN is rendered FALSE. 
Thus, it is seen the data information is magnetically 
recorded in synchronism with the 200-cycle-per-second 
clock information. 

With reference back ,to FIG. 92A, during the time ,the 
tenth-order digit of the word read out from memory is 
being recorded on the ledger card, so that the bit­
counter is again at a count of "a," the output of gate 
1370 reverses from TRUE to FALSE when the state 
of line JHR again experiences a TRUE-to-FALSE 
reversal of state. As are:; nIt, the state of flipflop 6061 
is reversed, and line TH is again rendered TRUE for 
the second time. At the following TIME-3 after line 
TH is rendered TRUE, the state of line AD is reversed, 
so that the digit--<:ounter is decremented from a count of 
"9" to a count of "8." Simultaneously therewith, ,the 
"K" digit-regi&tcr is preset ,to zero via change of state 
of line PKrp. 

With reference to FIG. 92C, when line TH is thus 
rendered TRUE, line MK is likewise rendered TRUE 
for the second time. Again, when line MK is thus 
rendered TRUE, line TS4 is rendered TRUE. Conse­
quently, in �r�e�s�p�o�n�.�~�e� ,to lines MK and TS4 thus being 
rendered TRUE, a second "MK" digit-cycle is thereafter 
executed, whereby ,the ninth-order digit of the word 
stored in memory at the address specified by the contents 
of section 4 of the instructicn register is read out, stored 
in the "K" digit-register,and .therea.£ter magnetically 
recorded in the data channel of the ledger card in sub­
stantially the same manner as just described. With ,refer­
ence to FIG. 92B, at TIME-3 after the digit-counter 
reaches a count of "0," so that line Drp is TRUE, and 
the bit-counter reaches a count of "a," so that line Ba is 
TRUE, thus indicating ,that the first-order digit of the first 
word �r�e�~�d� from memory is being magnetically recorded 
on the ledger card, the state of flipflop 6094 is reversed, 
so that line MOU is rendered TRUE thereby. 

After the first-order digit of the first word read from 
memory is magnetically recorded on the ledger card, the 
contents of sections 3 and 4 of the instruction register 
are compared for equality in the same manner as previ­
ously described. If the contents of sections 3 and 4 are 
not equal, indicating �L�~�a�t� there are additional words to 
be read from memory and subsequently recorded on the 
card, section 4 is decremented, via line DE2, approxi­
mately twenty microseconds after line MOU is rendered 
TRUE. Thereafter line MOU is rendered FALSE and 
the above sequence of events is again repeated, in sub­
stantially the same manner as just described. When the 
contents of sections 3 and 4 of the instrucnion register 
are of equal magnitude, indicating that there are no more 
words to be read from memory and magnetically re­
corded on the ledger card, line (134)' is rendered TRUE 
in the same manner as previously described with respect 
to FIG. 59. 

Thus, as the state of line (134)' is now TRUE, the 
state of flipflop 6694 is again reversed in response to 
the next succeeding TRUE-to-FALSE reversal of stute 
of line (GC)', and, as a r(:sult, line MOU is thtLS 
rendered FALSE. With reference to FlG. 92C, when 
line MOU is thus rendered FALSE, the state of flipflop 
6104 is rcversed, so that line SES is rendered FALSE 
thereby, thereafter terminating all recording of clock and 
data information in the respective channels of the ledger 
card strip. When line SES is thu3 rendered FALSE, the 
state of flipflop 6090 is reversed, so that line LIe is 
rendered TRUE thereby. 

As previously mentioned, when a word is read out 
from memory to substantially be magnetically recorded 
on the ledger card, all non-significant zeros are essentially 
replaced by a single "end-of-word" notation, ,the end-of­
word notation being recorded as a binary 1111. 

With reference to FIG. 92B, if it is ,now assumed that 
the tenth-order digit of the word read out from memory 
and initially stored in the "K" digit-register is a zero, 

174 
the state of flipflop 6D89 remains unchanged, so that 
line KEY remains FALSE when linc OEM is rendered 
FALSE as before. However, if line KEY was previously 
rendered TRUE prior to the initiation of the "ROC" sub-

5 program, the state of flipflop 6089 is reversed when 
line SA]\'I is thereafter rendered FALSE, and, as a result, 
line KEY is rendered FALSE thereby. When line KEY 
is rendered FALSE at the beginning of the recording 
operation, the state of flipflop 6098 is reversed, so that 

10 line ROS is thereby rendered TRUE. Therefore, with 
reference to FIG. 92C, due to the fact that line Ed is 
TRUE at the beginning of the recording operation and 
line JHR is rendered TRUE when line (GC)' is first 
rendered FALSE, as before described, the state of flip-

Ii> flop 6096 is ,reversed when line JHR is rendered FALSE 
u.pproximately forty microseconds after line ROS is first 
rendered TRUE. Consequently, line OBN is rendered 
TRUE thereby. Approximately five milliseconds after 
line OBN is rendered TRUE, the state of flipflop 60% 

20 is reversed when lines SAM and (GC)' are both rendered 
FALSE. With reference to FIG. 92B, approximately 
five milliseconds after line (OBN)' is thus rendered 
TRUE, the state of flipflop 6093 is again reversed when 
lines SAM and (GC)' are both again simultaneously 

25 rendered FALSE. As a result, line ROC is thereby 
rendered FALSE. 

With reference now to FIG. 85, when line ROS is thus 
rendered TRUE and remains TRUE for approximately 
ten milliseconds, during which time �b�o�~�h� of lines SES and 

30 ROC are TRUE, current is caused to flow through the 
winding of data recording-reproducing hC::ld 348, via gate 
1796, in the same direction for approximately ten milli­
seconds, and in such a direction therethrough as to cause 
four successive binary" l's" to be recorded in the data 

:l.) channel. At the fol!owing TIME-l when line JI-IR is 
rendered FALSE after line (ROS)' is rendered TRUE, 
the slate of flipflop 6096 (FIG. 92C) is reversed, and, as 
a result, linc OJ3N is rcndered TRUE and remains TRUE 
until lines (GC)' and SAM are subsequently rendered 

clO FALSE. As line (OEN), is simultaneously rendered 
FALSE when Ene OBN is r.::ndercd TRUE, the state of 
flipflop 6093 (FIG. 928) is prevented from being re­
versed until Ene SAM is subsequently rendered FALSE 
approximately 160 microseconds after line ROS is ren-

45 den:d TRUE. However, when line SAM is rendered 
FALSE, the state of flipflop 6093 is reversed, and line 
ROS is rendered FALSE, thus terminating the end-of­
word recording operation. It is to be noted that, while 
the state of line ROS is TRUE, the state of Ene OBN is 

50 not sequentially conditioned, as before, to successivcly 
correspond to the vahle or the binary bils of digit stored 
in the "'I(H digit-register. 

With reference to FIG. 17, just prior to the ledger card 
being completely ejected from tbe carriage, the botwm 

5;) edge thereof first passes ovcr the top of the righ:most ex­
tension of arm 374. Thereafter, photocell pee is de-en­
ergized clue to the fact that the r:ldiant energy from light 
source 373 is not reflected by the ledger card onto the 
light-sensitive area th.::reof, as bcfore. As previously cle-

GO scribed, �p�l�1�o�t�o�c�~�J�I� pee is conncctcu in the circuit of pre­
amplifier 4733 (FIG. 83) in slIch a manner that the state 
of line C is rendered FALSE when pho,ocell pec is d,;­
energized. When line C is thus rendered FALSE, the 
state of flipflop 6122 is reverscd, so that line (P)' is ren-

(J5 defed FALSE thereby, thus dc-energizing card-drive relay 
coil CDR. When co:! CDR is dc-energized, relay con­
tacts CDR-5 arc closd, and line (U)' is thereby ren­
dered TRUE. With reference 10 FIG. 82, when line 
(P)' is thus rcndered FALSE, card-drive motor CDM is 

70 de-energized. With reference back to FIG. 83, also when 
Jjne (P), is rendered FALSE, the state of flipflop 6123 is 
rGversed, so that card-drive brake coil CDn is energized 
for a period of �a�p�p�r�o�x�i�m�a�~�e�l�y� 120 milliseconds and thus 
causes the card-drive motor CDM to be brought to a sud-

75 den standstill in the �m�a�n�n�~�r� �p�r�~�v�i�o�u�s�l�y� described with re-
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sp~ct (0 FIG. 1·1.. After a time lapse of approximately 
1:::0 milli8cconos, the state of flipflop 6123 is again re­
versed, so that card-drive brake coil CDn is de-cnergizcd 
thereoy. 

Vlith reference back to F[G. 17, when the bottom edge 
()f (he ledger card passes over the junction of arms 371-
372, pho:ocell PCB is de-energized due to the fact that 
the ra(FClnt energy from the light source 373 is thereafter 
not rc!'!ccted by the ledger card onto the active area there-
0;'. As previously describcd, photocell PCB is connected 
in the circuit of pre-amplifier 4736 (FIG. 83) in such a 
mann'::r that the state of line (B)' is rendered TRUE when 
photocell PCB is de-energized. Thus, when line (8)' is 
rendered TRUE. all of the inputs to gate 1775 are, for the 
first t!me, simultaneously TRUE, so tbat paper-guide 
molor PGM: is energized and is thereafter caused to ro­
late in the o,posite direction, due to the fact that the 
paper-guide relay coil PGR W<lS previously dc-energized, 
w th~t relay contacts PGR! through PGR4 are caused 
10 resume their normal conditions. as shown. As pre­
viously (kscribed with r;:sp~ct to FIG. 19, when the paper­
~uidc mc:or is caused to be rotated in a direction oppo-

176 
the sequence of operation nevertheless remains substan­
tially unchanged. During the second phase of the sub­
program, after tbe ledger card ha3 reached ~he maximum 
rearward position within the accounting machine carriage, 
the card either is immediately ejected from the carriage 
or is placed in a proper position within the carriage ready 
for a position operation thereon. After the ledger card 
is either ejeoted or placed on the next posting line, the 
third and last phase of the subprogram causes the carriage 

] I) to be closed and the preselected motor bar to be depressed 
for either a touch or a hold operation, 

Listed below in somewhat tabular form, and also graph­
ically illustrated by the flow diagram of FIG, l07C, is a 
step-by-step description of the various previously-described 

1;; subinstructions to which the computer is sequentially re­
sponsive in executing an "EC\V" instruction. 

[tep I Subi'lstruc- I . Dc,cription 
tlOBS 

:2,0 

~~_~~ ~-~2=~~i,~~~~e~~~:~~itl '\'{,r~(:~J~e~:-; 
site to tbat during a latching operation, the cam 301 is 
rotated clockwiscc, as viewed, so that the compression 
rolls 2% and 241 are unlatched from each other. During :,::) 
I he unlatching operation, the commutator 340 is rotated 

I i~lt.~J the irl';II',tt'i.i)ll il',~;i"L,"r, tilL' ~1'Idi'l":; in 
1liUUhil',l of di" lJCxt ill ;Irll('~i HI word lwing 
iwlieated hy \he ('0I1ti-'nL'i (If \\'orcl-:·!t,!{ 
illg ngiill"r; ih -n'aftt'r 1 if 
sl'cfi In 1 of thl' ill-;~rtldi~m 
C,1rrv 0 n t the su b ill a nwtioIl 
of U;/I fdllowing En"y '\Ub:,L)gr,lTil. 

to the position shown in FIG. 281\. Consequently, with 
reference to FIG. 83, the brushes 336 and 339 are effec­
tively moved downwardly to the position shown, so that 
lines (E)' and N are rendered FALSE thereby. Wben 
tbe state of line N is thus rendered FALSE, the state of 
flipflop 6122 is again reversed, so that line CP), is ren­
dered TRUE and thereby re-energizes card-drive relay 
coil CDR. When coil CDR is energized, contacts CDR-S 
arc opened and thereby effect de-cnergization of paper­
guide motor PGM. 

With reference to FIG. 82, when the state of line P is 
tbus rendered FALSE, the state of line (EOC)' is thereby 
rend~red TRUE. Tberefor,::, with reference to FIG. 92C, 
when line (EOC)' is thus rendered TRUE, indicating that 
t.11e Jedger card is completely ejected from the carriage, 
the state of flipflop 60,}O is reversed upon occurrence of 
the next TRUE-to-FALSE reversal of state of line AN. 
\Vben the state of flipflop 6090 is thereby reversed, line 
LK is rendered FALSE. As shown in FIG. 92A, when 
line LK is rendered FALSE, the state of flipflop 6107 is 
reversed, so that line STD is rendered TRUE thereby. 
When line STD is thus rendered TRUE, line TS5 is like­
wise rendered TRUE. In response to lines STD and TSS 
thus heing rendered TRUE, a "STD" subinstruction is 
thereafter executed, whereby the contents of section 5 of 
1he instruction register is stored in the word-selecting reg­
ister in the manner previously described. In addition, 
when line STD is rendered TRUE, line (STD)" of course, 
being rendered F,..\LSE. line REC (FIG. 82) is rendered 
FALSE, thus terminating the sequence of events initiated 
by the "ROC" instruction. 

73. Detailed Description of ECW Illstruction 

In execu!jng an "EeW" instruction, the control counter 
portion of the compu:er operates in conjunction with the 
card-handling portion thereof to effect the individual re­
production of Iincfind, clock, and data information, each 
being previously recorded magnetically in a different one 
of the three channels of the mngnetic strip portion of the 
leltger crrrd in tbe manner just described. 

The subprogram for the execution of such an "ECW" 
instruction may be divided into three distinct phases. 
During the first phase of the subprogram, the data infor­
mation, in the form of a sequence of words, is first read 
from the magnetic strip and is thereafter stored in the 
designated memory 'address locations. If the ledger card 
does not have any information magnetically recorded 
thereon, such as, for example, a new ledger card, even 
though there is no information magnetically reproduced, 

2,L ____ PJ.p-O-2b ______ Pr(','p~, t,11e d
,)" dlgit-re;..:;i"tt'r [,')"0"; tkTC~tft('r, 

go to Step -2b. 
2b-- ___ HLR-O-3 ______ Pre!et" j g" cou~ ... tl'r tq (·:)IT~.'~n')l)d to !I)[,':-rml~ r 

di~it (Jf ::;c(,Ti:ln ~~ of the III~t.rudiJ;l nv!:d"der 
and nlcn'D.fll'f g-o to dwp· 3. 

;:)0 3 ______ OBN(3) ·O-·L __ Pl\·-,·d lint' OB:-.J to a F.\LSl!: ,,,tate; tl10r('afh:l', 
g') to St,'p-t. 

4 ______ OCH-20-.1 _____ Go to Slc[>-[i '\\ hl'n a syncl1rc:ni'd;~~ clrwk im-
puhe i..; In·lf;nl~tjCl111.r lde!u'd up frdrn ~h0, 
iI',lgc; c8.nl. ITi)\\e\'('r, y.h"n j [11' h"ig!-'i {',lrrl 
i~ ,)[1 tlle W,-lY intl1 the r-arria;::'<; jH'-!i pri'ir to 
l\~V"L'nl, go /.0 Step 20 if ;J, dJl..~k impnlsn ll:t, 

~j;) not h~:,{'n piC'kf2d up. 
5 ______ CYC-O-fL _____ 11lrr~T!l(,l1t thr 1Jlt-c:oul1~cr; th{,l"cafkr, ~o to 

SU~;l-G. 
6 ______ JL{l)·O-7 _____ Rtarl' in ttl\' ".P' dj~it-rl'l~j';t('r 

Tl'ml frnm the ledger C:11"d, ,.hid) 
pr)ud . .; tl) thl' CJunt of tho hH~~\.}lliHpr; 
aftpr, 1(0 to Step-7. 

7 ______ Bd-4-8 ________ If the bit-counL!'r is at a ('lmnt of"J/' ~',O to 
,10 8teD-8; of,hc'r.\ i'J.p, r,-o to StcD-4. 

8 ______ ng-lL-9_~ _____ , If lIlt': lli~~it-I:ollnt('f is at a PI')tlnt. of'IH/' g') 1.:1 
Step-9; olhcfXisc, go tu ~t('lJ-l1. 

9 ______ C~'f-3 10 ______ C!e~1f the uddm·,s, in nl'~'UrJry ~pe~"iG.t'd fJ:--' "('L'-

tinn-;j of th(' instrnction I"..'ghh'r; t,jl('r(,:lft~T, 
gJ U) Sll"p-lO. 

10 _____ OBN(?) 0-lL~ Pn'~('t j~!li~ OIL\J to ~l. rrHUR statv: t,hnn'~tf!L'r. 
W) to 8tqJ" 11. 

L10 11 _____ EO V'{-·14-1::L __ If the o',J" di2,it-rt'gist.t'l" !~ ;.;tfJring H 15," go t.o 

12 

13 

81(;p-12: n(.}ll'I"',\'i''',L', go to ~~cp-14. 
D9-13-17 ______ If t.ht, di;"dt-cl)u:1t('r i.e; at a count of"9," go to 

Stcp-17; otlIPn\"i;:e, i!·j t.o ~Hf.·p-l:t 
A 0(1) --0-12_ ~ _ Iucremn1t thE; digi~-(:{)<1U~f:r; tlll:n'l1ft,c'r, g.r) t.o 

Step-12" 
14 .. _ ... \D(1)-0-1.5 .. _ Increment the dig!t-:ounter; UH'n'"n'!T, ,0 to 

Step-15. 
00 15 _____ JI\'I-3-lfL _____ Copy th'~ uigil st~lr{'d in the ".I" digil-''("gi,t{,f 

lncmoTY at the digit~_11 pr)~iti In indil":l',t"d by 
the connt. nfth,.' dlgit-:'{)tll1it'f, ill;" ;Vi(lr'·7" jn 
memor:.r being ~.~rled;l(~d lJY ;;I~'('~i"m :1 of nlE\ 
ill'.:t.nI{.Li IIi r: ... ~i~t0r; 1,h'_'Te,11tm, g:) t'l S~~lo-·)(L 

16 _____ D~-4-17 _______ If the di,r~i-('llnnj('f h: at a cnunt IJfolH," go to 
S~,ep-li'; ()L1H~nd:i(" !~O to ~t,('p·4. 

;j,j 17 _____ 131-i8-HL _____ If tll~ !J1emfJl'Y a'ldre";,'·'e'~ ~J;)p['Hicd b;' ,,,{l"~ 

3 a~ld 4 of the in-:.trLl(,;j'lIl I"L'gi ,tt'f n)",' 
g.) to bd,;p-1D; o~hl'rxi~(', (!Q to ':;tp~)·-18" 

18 _____ I:--Joi·--o-4 _______ Incro:n2Ht ~C(;tiJ~l 3 of 01L' iw;:trlH~thfl f"Jli"d~.'r; 
th~'n'nft'Jr, f,'~ U) Etcp-4. 

19 _____ Ll·"2~ <n ______ If j,he li)w-ardcr digit ~J..url'd in section ~ of tlw 

GO 20 .. _ .. Oili'! (1)-22-
"1 

21..... .'.to·U (2) -0·1 
2·2..... LFA-O-2L .. 

G5 34 _____ ]) g·O·?5 ".cc_" 
25. __ .. R¢-22-2G ______ 

2(L ____ L-O·27 ..... ___ 

27 _____ Ll-2S·30 .... __ 

70 
25 .. _ .. L3-?O·c30 ... _._ 

29 .. _ .. RPB-O-30 ..... 

3°_"'1 CLC-O-3L .. _ 

75 

ill-.j~ r·uetion i'l'gi::ltPf i:-: f\ "1," go t.o .~l·"('P·-~.n; 
n: hl'r·d'~(', r~n to 8t"n-··22. 

If t.he state of lin~ OB0I h 'rRUB. ~;D to .'-i~'~'TI-
21 othon'.'i<~c, go (,1 ;';'if.'d-2'2. -

Eject the kl.g-cr -e~ml; tiwr:..',lrter. grJ to Stc:)·-4. 
00 to St.ep·24 -wheT} tlv; w;xt Iinociln:J imllube 

is In l~[JeU('ally Ilic:kc"rj U'L . 
Eject the h;,dgor card; UH_'ft:'Jft,\'r, !!,O to S~('p-:n. 

Derrem-snt the R-Cowltl'r; th~r('~rt~'r, go to 
Step-25. 

If the H-cauuter i'5 at a count of ilO," go to 
:-:j.tep-:2H; 01lH'f;\'i3C, 1;0 to ;-;tep-~2" 

Plyition th~ L~dg-er ('"11'(1 on tlw 118xt )loitin~ 
lint'; thl're,lft.:~r. g-I) to ,Sterl-:n. 

If thn lo'.\-·-o~dl'r digit in ~p«;on 2 of the 1n­
~trllrtion regist.er is H ><1," g'a to ~'l.ejl-30; 
oth',;'r\"'i'-;c, go to Step·-2H. 

If t.1l" low-orl!:..',r (iiC!:H in si'diol-2 0: j 11': in­
,c:t,rlldion rej!i;;ier i'{ a "'3," go to St<:;) -30; 
oUlUnYi~e, ~o to ~t.cp--:W. 

Upon uC'1)fession of the re.sullle-I)rO~rmll b:Jr. 
go to Sj~'p-30. . 

C!o-e tlJe accounl in~ tn:v:,ldui." ('<lrrbg;;; j lwre­
aftr.:;r. go to 1-Jlk..'1) -31. 



3,112,394 

Step Su binstruc-
tions 

31. ____ 00-0--32 ______ 

32 _____ II</>-34-3L ____ 

33 _____ MB</> (1)-1H5_ 

M _____ IIl-3tl-35 ______ 

35 _____ MB</> (2)-iH5_ 

36 _____ H2-38-37 ______ 

37 _____ Mlll (1)-0-45_ 

38 _____ II3-40-39 ______ 

39 _____ Mlll (2)-0-45_ 

40 _____ II4-42-4L _____ 

41. ____ MB2 (1)-0-45_ 

42 _____ II5-44-4L ____ 

43 _____ MBZ (2)-0-45_ 

44 _____ H6-0-48 _______ 

45 _____ PCT-O-4L ___ 

4G _____ AF-O-4L _____ 

47 _____ F\l-45-48 ______ 

48 _____ STD-fi-* ______ 

177 

Description 

Go to 8trp-32 in the Subprogram whenever 
dCjlre;,,::c,joll of a 111Otor bar "li11 initiate 3-
machine cycle 

If the high-order rJig!t in section 2 of the in­
struction rr'gi:.::trr is a 110/' go to SteLl-33; 
otherwise. go to Rtep-34. 

Depress the upper motor bar for a touch opera­
tion the·reafter. go to St~D-45. 

If the high-order digit in section 2 of the in­
struction regi."trr is a "I, H go to Step-35; 
ot/wr\1'i.-o. go to Step-3f). 

Depros' the uppor motor bar for a hold opera­
tion; thereafter. go to 8tep-45. 

If the high-order diqit in f'cction 2 of the in· 
strllction reghtor is a 112," go to S tcp- 37; 
otherwi,,". go to Stell-38. 

Depress the middle motor h~r for a touch 
operation; tlwreaftcr, go to Step-45. 

If the high-order digit in <cetion 2 of the in­
struction register 1" fl. "3," gO to Step-39; 

otherwi<e, gO to 8tcp-40. 
Depress the midd Ie motor har for !l hold opcm­

Uon; thereafter. go to Step-45. 
If the high-order digit in section Z of the in­

st.ruction register is a "4," go to Slep-41; 
otherwise, go to Step-42. 

Depress the middle motor har Cor fl, hold op£'ra­
tion; thereafter, go to 8tep-45. 

If the high-order digit in sectIon 2 of the in­
strllction register is a "5/' go to StclJ-43; 
othen\Ti~c, go to ~tep-44. 

Denress thE' 101-\'('r motor b8.f for a hold opera­
tion; thereafter, go to Step-·if), 

H the high-order digit in section 2 of the in­
struction register i.s a H a," go to Sten-48. 

'Vhen the anlOunt rack~ are traveling in a 
setting direction, go to 8tol1-·10 in the mb­
program each tinLe the timing rack change~ 
froBl one digital vulurd po..;ition to anotlwr, 
and n]~o UllOll engagclncnt of the llrintiog­
Aligner. 

Increment the F-count.er; thereafter, go to 
Step-H. 

H the ll'-counter is at n ('ount of HD/' go to 
Stcp-48; otlll'rwise. go to 8t.cp-45. 

Copy the contents or~cction 5 ofthe imtruction 
register into the word-selecting register. 

178 
position, so that the contacts of switch 579 (FIG. 82) 
are closed and line HC is thereby rendered TRUE; that, 
after the carriage reaches home position, depression of a 
motor bar is capable of initiating a cycle of operation of 

5 the accounting machine, as indicated by the contacts of 
each of serially-connected switches 496, 510, 528, and 
KI-7 being closed, so that line GO is thereby rendered 
TRUE; and that the carriage of the accounting machine 
is closed, so that the movable arm of switch 333 is in the 

10 position shown, so that line (D)' is TRUE. 
Therefore, when line RED is initially rendered TRUE. 

line i likewise being rendered TRUE, all of the inputs to 
gate 1767 are simultaneously TRUE. As a result, sole­
noid Y is energized and thereafter causes the accounting 

15 machine carriage to be opened in the manner previously 
described with respect to FIG_ 38. If it is assumed that 
the lower compression rolls 288 are in the latched posi­
tion, as shown in FIG. 17, the movable arm of switch 
545 (FIG. 82) is therefore in the position shown (see also 

20 FIG. 19), so that line (G)' is thereby rendered TRUE. 
After the carriage opening operation is completed, the 
movable arm of switch 333 is deflected downwardly, as 
viewed, so that line (D)' is rendered FALSE, thereby de­
energizing carriage-open solenoid Y_ However, when 

25 line 0 is rendered TRUE when line (D)' is rendered 
FALSE, solenoid X is energized and thereafter allows 
the lower compression rolls 288 to fall away from the 
platen 71 in the manner previously described with respect 
to FIGS. 15 through 17. After the lower compression 

30 rolls are disengaged from the accounting machine platen, 
the movable arm of the switch 545 (FIG. 82) is deflected 
downwardly, in the manner previously described with re­
spect to FIG. 19, whereby line (G)' is rendered FALSE, 
so that solenoid X is thereby de-energized. However, 

35 when line G is rendered TRUE, all of the inputs to gate 
1757 (FIG. 81) are simultaneously TRUE, and, as a re­
sult, entcr-card lamp EC (see also FIGS. 1 and 2) is 
illuminated, thus providing a visual indication that the With reference to FIG. 76, upon completion of the pre­

viously-initiated subprogram, the state of flipflop 6092 is 
reversed by a TRUE-to-F ALSE reversal of state of line 40 
AN. As previously described, when the state of flipflop 
6092 is reversed, so that line MI is rendered TRUE, a 
"MI" word-cycle is initiated, whereby the word stored in 
memory, at the address indicated by the contents of the 
word-selecting register, is read out and thereafter stored 

computer is ready to receive a ledger card_ 
After :a ledger card of the type shown in FIG. 88A 

is placed face down on the loading table, with its leftmost 
vertical edge against the card-alignment surfaces, as illus­
trated in FIG. 22, both of the photocells PCAl and 
PCA2 are de-energized thereby. With reference to FIG. 

45 83, photocells PCA1 and PCA2 are connected in the cir­
cuit of pre-amplifiers 4'134 and 4735, respectively, and 
in a manner previously described with respect to FIG. 
51 ii, so th~t Enes Al "nd A2 are respectively rcnccrcd 
TRUE whc:n photocells PCAI and PCA2 are de-ener-

in the instruction register. Thereafter, if the two-decimal 
digit number stored in section 1 of the instruction regis-
ter corresponds to the code designation for an "ECW" 
instruction-Le., "02"-the state of line ECW (FIG_ 56) 
is rendered TRUE. As a result of line ECW thus being 
rendered TRUE, an "enter-card-words" subprogram is 
executed in the following manner: 

At TIME-4 during the last bit time after the previously­
initiated "MI" word-cycle is substantially completed, line 
AN (FIG. 61) is again rendered TRUE and, ten micro­
seconds later at TIME--I, is again rendered FALSE. 
With reference back to FIG. 76, when line AN is rendered 
FALSE upon completion of the "MI" word-cycle opera­
tion, the state of flipflop 6092 is again reversed, and line 
MI is rendered FALSE, thus terminating the "MI" word­
cycle operation. As previously mentioned with respect 
to FIG. 72, as long as lines MI and AN are both TRUE, 
line MIN is TRUE. Thus, when line AN is rendered 
FALSE, line MIN is likewise rendered FALSE. 

50 gized. With reference to FIG. 22, \vhen the ledger card 
is manUillly moved upwardly as viewed. photocell PCB is 
energized in a manner previously described with respect 
to FIG. 17. With reference now to FIG. 83, when photo­
cell pcn is enereizccl. line B is thereby rendered TRUE. 

55 As a rc:;ult of the inputs to gate 1776 'all being TRUE 
sImultaneously, papc'r-guiue relay coil PGR is energized. 
Consequently, relay contacts POR-l, PGR-2, and 
PGR-5 arc closed, whereas contacts PGR-3 and 
PGR-4 arc opened thereby. As a result, paper-guide 

60 motor POM is thereby energized and thereafter rotates 
latching cam 3tH (FIG. 19) counter-clockwise to latch the 
compression roll 2% against the card-handling platen 
241. as shown, with the forward edge portion of the ledger 
card being firmly se.cured therebetween. 

Reference is now made to FIGS. 91A through 91C, 65 
wherein there is logically illustrated a composite circuit 
diagram of various portions of the computer circuitry 
utilized in executing an "ECW" instruction. With par­
ticular reference to FIG_ 91B, when line MIN experiences 

After the latching operation is completed, line E is 
rendered FALSE and line N is rendered TRUE in a man­
nC'T previously described with respect to FIGS. 16 and 
28B. As shown in FIG. 83, when line Eis thus rendered 
FALSE, paper-guide relay coil POR is de-energized, and 

a TRUE-to-FALSE reversal of state, the state of flipflop 
6094 is reversed, and line MOU is thereby rendered 
TRUE. As long as Jines MOUand ECW are both 
TRUE, line RED is likewise TRUE. 

Upon initiation of an "ECW" instruction, it is assumed 
that the carriage of the accounting machine is in home 

70 the cont::cts operated thereby resume their normal con­
ditions, as shown. As a result. paper-guide motor PGM 
is thereby de-energized. With reference to FIG. 82, 
also when line E is thus rendered FALSE, the state of 
flipflop 612.1 is reversed, so that line (KK)' is momen-

75 tarily rendered FALSE. However, 'after a time 1apse of 
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approximately 250 milliseconds, the state of flip-flop 6Ul 
reverts back to its original state, so that line (KK)' is 
rcndered TRUE, and, as a result, card-drive motor CDM 
is energized thereby. 

When the card-drive motor is energized at this time, 
the ledger card is automatically driven into the carriage 
of the accounting m::l'C'hine in the snme manner as previ­
ously described with respect to FIG. 17, so that the mag­
netic strip on the lef<most m::l'r[;in thereof passes directly 
over the magnetic recording-reproducing head assembly 
343, shown in FIG. 19. As the leading edge of the ledger 
card passes over photocell PCC (FIG. 17), the radi,.nt 
energy from the light source 373 is reflected from the 
led"er card onto the ,active area thereof, so that photo­
cell'" PCC is energized thereby. As previously described 
with respect to FlG. 83, line C is rendered TRUE as a 
result of photocell PCC being energized. With refer­
ence now to FIG. 85, when line C is thus rendered TRUE, 
all of the inputs to gate 1804 are simultaneously TRUE 
for the first time. Consequently, the lowermost 'One 'Of 
the reference inputs to each of flipflops 6144 and 614'5 

180 
As a result, the bit-counter (FIG. 62) is incremented 
from a binary count of "d" to a binary count of "a." 

If it is assurneu that the first decimal digit to be mag­
ne:ic~lI)l picked L'P .from toe ledger card by the data head 

[) i, a '·9"-i.e., binary 1001, as illustrated in FlG. 87D­
line CSA is rendered TRUE at the first TIME-I, indicat­
ing that the bin~ry value of bit "a" of the digit is a "1." 
Thus, with reference back to FIG. 9 lB, as line CSA is 
now TRUe, :indicating that bit "a" of the digit is a binary 

10 "i," the state of line JL is reversed from TRUE to FALSE 
2t TI:",IE-4 after line JER is rendered TRUE. There­
fore, with reference to FIG. 71, as the bit-counter is now 
at a binary count of "a," so th"t line Ba is TRUE, the 
slate of flipflop 6070 is reversed when ,line JL is thus ren-

I;' dered FALSE, and, as a result. line Ji! is thereby rendered 
TKLiE, indicating that bit "{,' of the digit stored in the 
'']'' di,:;it'l'cgistcr is a binary"!''' As bits "b" and "c" of 
th" fh"t digit to be rcad from the ledger card both have a 
value of "0," as illustrat~d in FrO. 87D, the state of line 

20 CS/\ (FlO. 85) is rcnd~rcd FALSE by a rcver~al of state 
of flipl1op6'..t4as a result of the neg:llive-going impulse 
del ivcd by the data hC::ld, and remains FALSE for two 
bit li;ne periods until the next pmitivc-f;oinz impulse is 

is rendered FALSE, so that the flipflops are thereafter 
properly conditioned to be responsive to negative-going 
impulses which are respectively derived by data head 348 
and clock head 347 from the information previously ~3 
stored in the data and clock channels, respectively, on 

dc:rived indi~,,!ive of the bin<:ry value of bit "d." 
,\s line CSA is now FALSE, indie~ting that Ihe binary 

v[tilie of bit "b" i3 "0," line JL (FIG. 91ll) is likewise 
1,~,.Jcr~J FALSE. At TIME·-2 after line JHR is rendered 
TRUE for the second time by the second clock impulse 
derived by the dock head, the bit-colllltcr is advanced 

the magnetic strip of the ledger card, flipflop 6144 being 
utilized for D.C. restoration of impulses derived from 
the data channel, 'and flipflop 6145 being utilized for 
D.C. restoration and frequency doubling of the impulses 
derived from the clock channel. Thus, when the in­
formation zone of the magnetic strip portion of the ledger 
card first passes over the magnetic he::lds, clock and data 
impulses are derived, thereafter amplified, D.C. restored, 
med then essentially fed to other portions of the com­
puter circuitry by way 'Of lines CCR and CSA, respec­
tively. 

For example, as the state line REC is FALSE, the 
train of clock impulses derived by clock-head 347 and 
having an alternating polarity at a repetition rate of ap­
proximately 200 cycles per second appear amplified and 
inverted at ~he output of transistor gate 1805 in the same 
m::mner as previously desoribed with respect to FlG. 48i. 
In response to each 'Of the clock impulses, the state of 
flipflop 6145 is reversed, and line CCR is rendered TRUE. 
However. approximately 1240 microseconds later, the 
state of flip-flop 6145 reverts back to its initial state, so 
tll::lt line CCR is rendered FALSE thereby, all of which 
is fully illustrated in FIG. 87D. 

Wilh reference now to FIG. 91A. at TlME-l after a 
clock impulse is derived and line CCR is rendered TRUE 
bya reversal of state of flipflop 6145 (FIG. 85), the 
~tate of flip-flop 6087 is reversed, so that line GC is 
thereby rendered TRUE, Hne (GC)', of course, being 
simultaneously rendered FALSE. When line (GC)' ex­
periences a TRUE-to-FALSE reversal of state, the state 
of flipflop 6088 is reversed, so that line JHR is rendered 
TRUE thereby. Forty microseconds later at the follow-
ing TIME---l after line JHR is rendered TRUE, the state 
of flipflop 6088 is again reversed, and line JHR is rendered 
FALSE. Thus, it ,is evident, each time a clock impulse 
is derived from the clock channel by the clock pick-up 
,head line JHR is rendered TRUE for one bit time period 
of f~rty microseoonds. As illustrated in FIG. 87D, the 
state of line CSA is rendered TRUE by flipflop 6144 
(FIG. (5) whenever the impulse derived by the data 
pick-up head is indicative of a binary "1," and is rendered 
FALSE whenever the data impulse is indicative of a 
binary "0." 

With reference now to FIG. 91B, at TlME-3 after 
line JHR is first rendered TRUE, line Pl¢ experiences a 
TRUE-to-FALSE reversal of state and thereby causes 
the "J" digit-register (FIG. 71) to be preset to zero. 
Also at TrME-3 after line JHR is rendered TRUE, the 
state of line CYC is reversed from TRuE to FALSE. 

:30 from a binary count of "d" to a binary count of "c" due 
to a change ~f stale of line CYC. Therefore, with ref­
erence b;1(k to FIG. 71, as line JL remains FALSE be­
fere and after line Db from the bit-counter is rendered 
TRUE, the stille of flip!lop 61169 remains unchanged, so 

33 ( hat the state of line J b is FALSE, indicating that the 
binary value of bit "b" of tbe digit stored in the ''1'' digit­
register ,is a "0." The abo've-described sequence of events 
is sequentially repeated until lines Ja and Jd of tbe '']'' 
digit-re,gister ~r~ each rendered TRUE, lines Jb and Je 

·111 remaining FALSE. Thus, the ~tates of lines Ja through 
Jd collectively represent the binary value of tbe digit just 
read from the ledger curd-i.e., "lO()l." 

\'lith reference bJck to FlG. 91 B, after the first-order 
digit is magnetica],ly read from the ledger card and is 

4i) stored in the "J" digit-register via line JL, the digit-coun­
ter being at a count of "9" and the bit-counter being at 
a COlin! of "d," the stale of flipflop 60S2 is reversed and 
line eM rendered TRUE at tbe first TIi'.'lE-l after line 
jHR is rendered TRUE for the fifth time. When line eM 

,,() is ihus rendered TRUE, line TS3 is likewise rendered 
TRUE. Consequently, in response to lines eM and TS3 
being rendered TRUE, a "CM" word-cycle is thereafter 
c:{ccuted, whereby the aduress in memory specified by tbe 
contents of section 3 of the instruction register is cleared 

53 by the writing of all zeros therein. Upon completion of 
the jUf,t-ini,iatcd 'CM" word-cycle, line AN experiences 
~ T1~UE-to-FALSE reversal of state, so that the state of 
i1ipllop 6()S2 is reversed and line CM is thereby rendered 
FALSE. With reference to FIG. 91A, when line CM ex-

{ill pe,i~nces a TEUE-to-FALSE reversal of state, the state 
of tlip!1op 6Gj(, je; l'(;versed, so tbat line (OBN)' is there­
by rendered FALSE. 

it is to be noted at this point that the specified ad­
clrc,s in memory is not cleared until it has been deter-

U.J milieu that the Jedger card just fed into the computer is 
not a new card; i.e., a card having no information mag­
netically recorcleu thereon. As a result of tbe ''1'' digit­
register being loaded with a digit having a value other 
than zero, it is thereby determined that at least one ded-

70 mal digit is magnetically recorded on the ledger card. 
Also, by clearing the particular address in memory before 
a diGit is stored therein, the computer is immedi:lte1y per­
milld to proceed with respect to the next sllccessive ad­
lirc',;: in menwry whencver an end-of-word notation is 

75 n::ld from the ledger c:ard, an end-oI-word nO',:;lion (i.e., 
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binary 1 1 11) indicating that the remainder of the hiZh­
order digits of the word 8re zeros. Thus, as the re­
mainder of the high-order {:igit:;! positions in the rartie­
ubr ~dciress in memory are already preset to zero, the 
digit-counter is thus permitted to return to a count of "9" 5 
when ,m end-of-word notation ,is detected, without the 
need of executing slIcce<,sive re"~,d-write cycles with re­
spect to each of the remaining di3its of the word having 
a value of zero. 

V-lith reference to FIG. 91A, when line CivI is thus 10 
rendered FALSE, the state of flipflop 6061 io; reversed, 
so that line TH is thereby rendered TRUE. At Tll\lE-l 
aft'!r line TH is thus rend,::red TRUE, the st3te of f1i!,flop 
6104 is rever;;ed, so that line SES is rendered TRUE 
thereby. Also, with reference to FIG. 91B, at T!ME-3 Ii, 
after line TH is thus rendered TRUE, line AD e:·;p::ricn.~"'s 
a TRUE-to-l~ALSE reversal of state and thereby C?ll'~eS 
the ditit-cOllnter to be incremented from a count of "9" 
to a count of "0." In addition, due to tbe fact 11ut the 
difit now stored in the ''}'' digit-register is other than an 20 
end-of-word notation, so th1t Hne (EO'>V), is TRUE, 
line 1M is also rendered TRUE when line TH is thus ren­
dered TRUE. When line J:"~ is rendered TRUE. line 
TS3 is lil;cwise rendered TRUE. Consequently, in re­
sponte to lines JM and TS) thus being rendered TRUE :l,j 
and the disit-collnter being at a COll!"!t of "0," a "Hvl" 
digit·cycle is thereu fter executed, whereby the digit ju~,t 
stored in the ".I" digit-register (i.e., "9") is stored in the 
first·order digital position of the address in memory speci­
fied by the contents of section 3 of the instruction rcgist,cf. 30 

In the present example, as the first digit read from the 
ledger card and stored in r:12l110ry is not an encI-of-word 
notation, and as there arc thereforc other di.r;itc; of the 
word mR'gr:ctieally recorded on the card, the "J" digit­
register is again preset to "0" by a TRUE-to-FALSE rc- 0,j 
versal of state of line PJ</> at TI,\1E--3 "fter line JHR is 
again renderd TRUE. Thereaftor, the bit-counter is suc­
cessively incremercted from a count of "d" through counts 
·'a," Hb," and He" Lind back to a count of ·~d, I' during \vhich 
time the second digit magnetic,tlly read f;om the lcdgcr 40 
card is slored in the "J" digit-register via line JL in exact-
ly the same manner as just described. Thereafter, the 
digit-ccuntcr is advanced from a connt of "0" to a count 
of "1," and the digit thus stored in the "J" digit·register is 
thereafter stored in the second-order digitalposilion vf 4;) 

the selected address in memory. 
The above-described sequence of events is sequentially 

repeated until each of the digits of the first word is read 
from the ledger card and thereafter stored in the selected 
address in memory. With reference to FIG. 91A, it is 50 
noted that line TH is rendered FALSE at each TlME-l 
by a reversal of state of flipflop 6061 after each "n.,'1" 
read-write cycle is completed, as indicated by line (CFF)' 
being rendered TRUE. Thus, when line TH is thereby 
rendered FALSE, the state of flipflop 61114 is reversed and 5::5 
line SES thereby rendered TRUE, whenever either the 
digit-counter is at a count of "9," as indicated by line D9 
being rendered TRUE, or an end-of-word notation is de­
tected, as indicated by Hne EOW being rendered TRUE in 
the manner previously described with respect to FIG. 71. GO 
If an end·of-word notation is not detected, the sta.te of 
flipflop 6104 is again reversed, and line SES is thereby 
rendered FALSE at the following TIME--l after the digit­
counter reaches a count of "9." As shown in FIG. 91B, 
after the digit-counter reaches a count of "9," line IN4 is G3 
reversed from a TRUE state to a FALSE state when line 
SES is rendered FALSE; as a result, section 3 of the in­
struction register is incremented by a count of "1" in the 
manner previously described. 

It is therefore evident that line SES ,is rendered TRUE 70 
after each word read from the ledger card is stored in 
the selected address in memory. Consequently, when line 
SES is subsequently rendered FALSE, it is necessary to 
ascertain whether or not there is an additional word to be 
magnetically read from the ledger card and subsequently 75 
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stored in memory. This is accomplished by the comparing 
of the contents of sections 3 and 4 of the instruction reg­
ister for equality in the man;;cr previously described with 
respect to FIG. 59. As before described, if equality exists 
bct\'"icen sections 3 and 4 of the instruction register, line 
(L.H)' is rcndered TRUE; otherwise, line (134)' remains 
FALSE. If there is inequality between the contents of 
sections 3 and 4 of the instruction register, the first-order 
digit of the next word is magnetically read from the ledger 
card and stored in the "J" digit-register, as before, a "CM" 
\,ord-cycie is again initiated, and the above-described se­
quence of events is again repeated. If, however, there is 
equality between the contents of sections 3 and 4 of the 
instruction regiGter, the state of flipflop 6098 (FIG. 91A) 
is reversed when line SES is rendered FALSE, and, as a 
result, lin," ROS is thereby rendered TRUE. 

After the magnelic strip of the ledger card has been 
completely scanned by the pick-up heads, the card con­
tinues to be driven into the carriage of the machine, with 
the forward edge thereof disposed furthermost in the 
chute 291 in the manner previously described with respect 
to FIG. 17. However, when the rcversal spot (indicated 
as 376 in FIG. 8SA), located in the top margin of the 
ledger card, p1sses over the junction of the members 371 
and 372 (FiG. 17), the radiant cnergy from the light 
source 373 is absorbed by the dark area thereof to the 
extent that the photoccll PC3 is thus de-energized. With 
reference to FIG. 83, when photocell PCB is de·energized, 
the state of line B is f0!1dered FALSE thereby. When 
line B is thlls recdered FALSE, the state of flipflop 6122 
is reversed, so that line P is rendered TRUE, line (P)', of 
course, being simultaneously rendered FALSE. 

When line (P)' is thus rendered FALSE, card-drive 
relay coil CDR is de-energized, and, as a result, relay 
contacts CDR-5 are closed and thereby render line (U)' 
TRUE. With reference to FIG. 82, also when coil CDR 
is de-energized, relay contacts CDR-l and CDR-Z are 
opened, whereas relay contacts CDR-3 and CDR-4 are 
closed, as shown, thus causing a reversal of sUbsequently­
f:ppiied current through the armature of motor CDM and 
a subsequent revers::!l of rotation thereof. However, when 
line (P), ,is rendered FALSE, card-drive motor CDM is 
de-energized by the output of gate 1770 simultaneously be· 
ing rendered FALSE. With reference back to FIG. 83, 
when line (P)' is thus rendered FALSE, the state of flip­
flop 6123 is reversed, so that card-drive brake solenoid 
CDB is enert',iz-::d. Consequently, when solenoid CDB is 
energized, th.: ledger card is brought to a slIdden standstill 
in the manner previously described with respect to FIG. 
14. However, approximately 120 milliseconds after sole­
noid CDS is energized, flipflop 6123 reverts back to its 
initial state, so that solenoid CDI3 is thereby de-energized. 

With reference to FIG. 82, when the state of flipflop 
6122 (FIG. 83) is reversed, so that line P is rendered 
TRUE, line ECC is also rendered TRUE, thus indicating 
that the ledger card has been read. After the ledger card 
has been read, the card is first reversed and thereafter 
ejected from the carriage, or is thereafter properly posi­
tioned in the carri:lge for a posting operation thereon, de­
pending upon the value of the low-order digit in section 2 
of the instruction register. For example, with reference 
to FIG. 91B, ;r it is assumed that the low-order digit in 
scdion 2 of the instruction register is an "8," indicating 
that the ledger card is to be ejected, line (I6d)' is there­
fore FALSE, and, as a result, the state of flipflop 6094 
remains unchanged, so that line MOU, hence line RED, 
both remain TRUE. Therefore, with reference to FIG. 
82, when line (U)' is rendered TRUE due to the card­
drive relay coil being de-energized, armature current is 
applied to card-drive motor CDM via gate 1771, so that 
the direction of rotation thereof is reversed, thus driving 
the ledger card outwardly from the carriage. 

When the reversal spot at the top margin of the ledger 
card leaves the junction of the leg members 371 and 
372 (FIG. 17), photocell PCB is again energized, and line 
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B (FIG. 83) is again rendered TRUE. Also, when the 
trailing edge of the ledger card passes over the aperture 
of the paper guide 303 on its way outwardly from the 
carriage, photocell PCC is de-energized, and line C is 
thus rendered FALSE. Ho\vever, when the trailing edge 5 
of the ledger card passes over the junction of the leg 
members 371 and 372, photocell PCB is again de-ener­
gized, and line B 1S again rendered FALSE. 

Consequently, with reference to FIG. 83, as all of the 
inputs to logical AND 1775 are simultaneously TRUE 10 
after the ledger card is ejected from thc carri~ge onto 
the loading table, paper-guide motor PGM is thus ener­
gized and thereafter effects unlatch1ng of the compression 
rolls 296 from the card-drive platen 241 in the same man­
ner as previously described with respect to FIG. 19. After 15 
the unlatching operation is completed, movable arm 336-
339 ,<FIG. 83) is essentially deflected dowmvardly, as 
viewed, so that line E is rendered TRUE and line N is 
rendered FALSE thereby. When the state of line N ,is 
thus rendered FALSE, the state of flipflop 6122 is reversed, 20 
so that card-drive relay coil CDR is again energized. As 
a result of relay coil CDR thus being energized, contacts 
CDR-5 are opened and thereby render line (U)' FALSE, 
and contacts CDR-l through CDR-4 (FIG. 82) revert 
to their initial conditions, as shown. In response to line ~3 
(U)' thus being rendered FALSE, card-drive motor CDM 
(FIG. 82) and paper-guide motor PGM (FIG. 83) are 
both simultaneously de-energized. 

When the state of flipflop 6,122 (FIG. 83) is reversed, 
so that line P is rendered FALSE. the state of line EOe 30 
(FIG. 82) is likewise rendered FALSE thereby. \Vith 
reference to FIG. 91H, when line EOC is rendered 
FALSE, indicating thnt the ledger c:lrd has b;;en com­
pletely ejected from the carriage onto the loading table, 
the output of gate Il6l0 experiences a TRUE-to-'P ALSE :33 
reversal of state. As a result, the state of Hipflop 6094 is 
reversed, and lines 'MOU and RED are both rendered 
FALSE. With reference to PIG. 81, enter-card lamp 
EC is e)Qtinguished when Hne RED is thus rendered 
FALSE, thus providing a visual indication that no other 40 
ledger cards are to be fed into the computer at the present 
time. It is to be noted, however, that, while line RED 
is TRUE, enter-card lamp EC is illuminated each time 
photoceU PCC is de-energized and is extinguished eJch 
time photocell PCC is energized. With refcrence now 4" 
to FIG. 82, as it has been ass·umed that the numeral "8" 
is stored in the low-order digital position of section 2 of 
the instruction register, the state of line l(jd, hence line 
CLC, is therefore TRUE. Consequently, when line 
(RED)' is rendered TRUE, carriage open-close solenoid ;i[) 

Y is thus energiZied and thereafter effects closure of the 
accounting machine carriage in the sam~ m:lnn~r as 
previollsly described with respect to FIG. 38. During 
the carriage-closing operation, the lower compression 
rolls 288 (FIG. 17) are brought into engagement with ;j;) 

the accounting machine platen 71, so that the movable 
arm of the switch 545 (FIG. 82) is returned to the posi­
tion shown. As a result, solenoid Y is de-energized 
thereby. After the carr:iage is closed, the movable mIn 
of switch 333 is thereafter in the position shown, so that GO 
line (D)' is thereby rendered TRUE and Iin~ D is ren­
dered FALSE. With reference to FIG. 83, when line 
D is thus rendered FALSE, the state of flipflop 6124 is 
reversed, so that solenoid CHPis cnergized and there­
aHer effects unlocking of the accounting machine car- (J;3 

riage in the manner previously described with rCsipect to 
FIG. 29. However, approximately 40 miiliseconds after 
the state of flipflop 6124 is initially reversed, its state 
reverts back to its initial condition, so that solenoid CHI' 
is 'thereby de-energized. As shown in FIG. 91A, the state 70 
of flipflop 6118 is reversed and line WOA is rendered 
TRUE at TTME-3 after line (D)' is rendered TRUE. 
When line (WOA)' is thus rendered FALSE, the st:Jtc 
of flipflop 6120 is reversed, so that line (RF)' is thereby 
rendered FALSE. However, approximately 250 mil· 7[) 
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liseconds thereafter, the state of flipflop 6120 reverts 
back to its initial condition, so that line (RF)' is rendered 
TRUE. 

With rcference to FIG. 91 C, when line 'VOA is ren­
dered TRUE. a selected onc of motor bar solenoids MB¢, 
l\IBl, or MB2 is energized, depending upon the value of 
the high-order digit stored ,in section 2 of the instruction 
register, all in the same manner as previously deS(:ribed 
in detail. Consequently, a selected onc of the upper, mid­
dle, or lower motor bars is automatically actuated and 
thereby initiates a cycle of operation of the accounting 
machine portion of the computer. With reference to 
FIG. 72, when the accounting machine begins to cycle, 
the movable arm of switch 540 is deflectcd to the left, 
as viewcd, so that line (NT)' is thereby rendered TRUE. 
Th~re after, each time the timing rack is translated from 
one digital value position to a succcss,ively higher-order 
digital value position, the state of flipflop 6072 is reversed, 
so that line per experiences a TRUE-to~FALSE reversal 
0: state. all of which has previously been described in 
detail with respect to the "EKW" instruction. Also, as 
previously described, a TRUE-to-IF ALSE reversal of state 
of line PCT effectively incremcnts the F-co:mter by a 
count of "1." 

With reference to FIG. 91A, after thcF-counter 
reaches a count of "9," so that line F9 is TRUE, all the 
inputs to gate 1703 arc thercafter TRUE. As previously 
dcscl'ibed with respect to FIG. 61, at TIME-l after line 
PC is rendered TRUE by a reversal of stillc of flipflop 
6G'1O, line AN experiences a TRUE-to-FALSE reversal 
of state. Thus, \,iith reference back to BG. 91A, the 
state of flipflop 6UlS is reversed and line WOA is ren­
dered FALSE when line AN is rendered E\LSE at 
TI"t>IE-i after line F9 is rendered TRUE. When line 
WOA is thus rendered FALSE, the state of flipflop 611)7 
is rcversed, so that line STD is rendered TRUE. 

'.vith reference to FIG. 91B, when line STD ,is thus 
rendered TRUE, line TS5 is likc\vise rendered TRUE. 
Thereafter, in response to lines STD and TS5 being ren­
vcred TRUE, a "STD"' i>ubinstruction is executed where­
by the contents of section 5 of the instruction register is 
stored in the word-selecting register, thus terminating the 
scquencc of events initiated by the "ECW" instruction. 

It is to be noted that, if the numeral "6" had initially 
been stored in the high-order digital position of section 2 
of the instruction register indicating "no motor bar opera­
tion," line WOA (FIG. 91A), after being initially ren­
dered TRUE, remains TRUE for a period of approxi­
mately 250 milliseconds and is thereafter rendered 
FALSE bya reversal of state of flipflop 6H8 due to line 
AN subsequently being rendered FALSE after line (RF)' 
is rendcred TRUE by a reversal of state of flipflop 6120. 
Thus, when line WOA is rendered FALSE in this in­
~tance, line H6 being TRUE, the state of flipflop 6107 
is reversed, as before, so that line STD is thereby rell­
dercd TRUE. 

It will now be assumed that the ledger card, initially 
fed into the card-hancHing portion of the computer, is to 
be properly positioned in the accounting machine car­
riage on the next posting line ready for a posting opera­
tion thereon, rather than being ejected as just desc]1ibed. 
In this instance, the carriage of the machine is opened; 
the lower compression rolls are thereafter disengaged 
from the accoonting machine platen; and the ledger card 
is manually placed face down on the loading ,table and 
thereafter automatically driven into the accounting ma­
chine carriage in exactly the same manner as just de­
scribed. Aftcr the data information is magnetically 
picked up from the magnetic strip portion of the ledger 
card Gnd stored in the selected address or addresses in 
memory, the direction of rotation of the card-drive 
motor is again reversed, as before, and the ledger 
card is thereafter driven outwardly from the account­
ing machine carriage in exactly the same manner a:; just 
described. Howcv..:r, as a line-finding operation is now 
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desired, so that the digit initially stored ,in the low-order 
digital position of section 2 of the instlUction register is 
either one of the digits "I" through "3" and "5" through 
"7," the state of flip flop 6094 (FIG. 91B) is reversed at 
TIME-l after line EOC is rendered TRUE, indicating 5 
that the ledger card is completely scanned, due to a 
TRUE-ta-FALSE reversal of state of the output of gate 
1611. Consequently, the states of lines ;vl0U and RED 

186 
erence to FIG. 85, when the state of line (Rq,), is ren­
dered FALSE, tile slate of flipflop 6146 is reversed, so 
that line (L)' is thereby rcr:clered FALSE. As a result, 
line Q likewise is rendered FALSE. With reference to 
FlG. 82, as a result of line Q thus being rendered FALSE, 
the card-drive motor CDl'vl is de-energized. Also, as 
shown in FIG. 83, 'when line (L)' is rendered FALSE, 
the state of flipflop 6123 is reversed, so that the eard­
drive brake solenoid COB is energized for a period of are simultaneously rendered FALSE just after the initial 

forward direction of movement of the ledger card is 
reversed. 

10 approximately 120 milli:;econds and thereby causes the 
ledger card to be brought ;0 a sudden standstill. 

At this point, the ledger card is properly positioned 
with respect to the next po"ting line and is held tightly 
pressed against the card-drive platen 241 (FIG. 19) by 

With reference to FIG. 85, as the state of line (L)' is 
normally TRUE, the stnte of output line Q is likewise 
rendered TRUE by gates 1802 and Hill when line 
(RED)' is rendered TRUE. Consequently, with refer­
ence to FIG. 82, due to the fact that line Q is rendered 
TRUE simultaneously with line i being rendercd FALSE 
when line MOU is rendered FALSE, the card-drive motor 
CDM remains energized and continues to drive the ledger 
card outwardly from the accounting machine carriage. 

15 means of the compression rollers 296 in order to main­
tain propcr rcgi:itcr thereof. In addition, the carriage 
is now open, so that <.dditional forms may manually be 
inserted therein, if desired. With reference to FIG. 82, 
line EOC is likewise rendered FALSE when line (L)' is 

20 rendered FALSE. Due to the fact that line CLC is ren-
As previously described with respect to FIG. 17, when 
the reversal spot at the top of the ledger card leaves the 
junction of the arms 371 and 372, the photocell PCB is 
energized by the light source 373. 1\180, as previously 
described with respect to FIG. 83, line B is rendered 23 
TRUE when the photocell PCB is energized. \Vith ref­
erence to FIG. 85, when line 13 is thl1s rendered TRUE, 
the lowermost reference input to flipflop 61AG, as viewed, 
is thereby rendered FALSE, and line l\H4 is simultane­
ously rendered TRUE. When the lowermost reference 30 
input to flipflop 6146 is thus rendered FALSE, t'1e flip­
flop is thereafter propedy conditioned to be responsive 
via line (Rq,)', to a predetermined one of the negativc­
going Enefind impulses derived by linefind head 346 
from the information previously stored in the linefind ;l,) 
channel of the magnetic strip portion or the ledger card. 

Consequently, each time a negative-going Jinefind im­
pulse is derived by pick-up head 346 as the ledger card 
is being driven outwardly from the accounting machine 
carriage, the impulse appears amplified and inverted at 40 
the output of transistor gate 1306. As a result, the state 
of output line LFA experiences a FALSE-to-TRUE-to­
FALSE reversal of state each time a linefir:d discon­
tinuity is magnetically sensed by pick-up head 346. 

It is to be appreciated at this point that, when an 45 
"ECW" subprogram is fiTst initiated, the R-counter is 
preset to a count of "I;' "2," or "3," depending upon 
whether the ledger card is to be respectively positioned 
on the first, second, or third posting line. That is, if the 
low-order di,'Sit in section 2 of the instruction register 50 
is a "1" or a "5," the R-countcr is preset to a (';Ollnt of 
"1"; if the low-order digit in section 2 is a ''2'' or a "6," 
the R-counter is preset to a count of "2"; and if the low­
order uigit is a "3" or a "7," the R-counler is preset 
to a count of "3," all of which is clearly illustrated in 55 
FIG. 68. 

dered TRUE as a result of an "automatic" resume-pro­
gram operation being specified by the value of the low­
order digit of section 2 of the instruction register, car-
riage-close solenoid Y is energized when line (EOC)' is 
thus rendered TRUE and thereafter causes the accounting 
machine carriage to be closed in the same manner as 
previously described. 

It is to be noted, however, that, if a manual resumc­
program is specified by the value of the low-order digit 
of section 2 of the instruction register, line CLC is reno 
dered TRUE upon subscqllcntdcpression of the resume· 
program bar, at which time line RPB is rendered TRUE. 

During the carriage-closing operation, the lower com· 
pression rolls 21lS (FIG. 17) are spring·urged into en­
gagement with the accounting machine platen 71, with 
the lower edge of the ledgcr card firmly secured therebe-
tween, and the movable arm of the switch 545 (FIG. 82) 
is deflected to the position shown, so that line (G)' is 
rendered TRUE and line G is rendered FALSE, thus caus­
ing solenoid Y to be dc-energized. When line (G)' is 
thus rendered TRUE, the ,paper-guide motor PGM is 
energized and thereafter effects unlatching of the com­
pression rollers 296 (FIG. 19) from the card-handling 
platen 241. After the unlatching operation is completed, 
the paper guide 282 is spring-ur~cd to the position shown 
in FIG. 17, and the switch arm 33G-339 (FIG. 82) is 
effectively deflected downwardly to the position shown, 
so that line E is rendered TRUE and line N is rendered 
FALSE thereby, Also, after the unlatching operation is 
completed, the plungcr of switch 333 (FIG. 16) is re­
leased by the tail of memb'2r 329, so that the movable 
arm of switch 333 (see FIG. 82) is deflected to the posi­
tion shown, so that jine (D)' is rendered TRUE and line 
D is rendered FALSE thereby. When line D is thus 
rendered FALSE, the state of flipflop 6124 (FIG. 83) is 
reversed, and, as a result, carriage-horne-unlock solenoid 
CHP is energized for a period of approximately 40 milli­
seconds and thereby allows the accounting machine car­
riage to thereafter be moved away from home position 

As previously noted, a "0" in the low-order digital 
position of section 2 of the instruclion register initiates 
a "enter-new-card-with-manual-resume-program" cycle of 
operation. GO when a machinccyc1e is subsequently initiated. 

If it is assumed that the low-order digit in section 2 
of the instruction register is a "7"-i.e., "stop on third 
linefind with automatic-resume-program"--the R-counter 
is pre~et to a count of "3," so that lines Ra and Rb 
(FIG. 68) are rendered TRUE, whcreas lines Rc and 
Rd remain FALSE. 

With reference to FIG. 91B, each time the state of 
line LFA reverses from TRUE to FALSE in response to 
a linefind discontinuity being detected, the state of line 
DR likewise reverses from TRUE to FALSE. Conse­
quently, the R-counter is decremented each time a line­
find discontinuitv is detected. Therefore, when the third 
!inefind discontinuity is detected, the R-counter is dec­
remented from a count of "1" to a COllnt of "0," so that 
line Rq, (FIG. 68) is thereby rendered TRUE. \"lith ref. 

When line N is thus rendered FALSE, the state of flip­
flop 6122 is reversed, so that line (P)' is rendered TRUE 
and card-drive relay solenoid CDR is simultaneously en­
ergized thereby. As a result of solenoid CDR thus being 

G5 cn.;rgized, rcby contacts CDR-5 are opened and thereby 
cause paper-guide motor POj'\,! to be de-energized, Simul· 
taneously therewith, relay contacts CDR-l and CDR-2 
(FIG. 82) are closed, whereas relay contacts CDR-3 
and CDR-4 are opened thereby. With reference to FIG. 

70 91/\, at the following TIME-3 after line (D)' is rendered 
TRUE, the state of flipflop 6118 is reversed, so that line 
WOA is rendered TRUE thereby. As a result of line 
WOA thus being rendeTed TRUE, the particular motor 
bar depression indicated by the value of the high-order 

75 digit in section 2 of the instruction register is initiated 
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in exactly the same manner as previously described in 
detail. 

After a machine cycle is initiated, the state of flipflop 
6107 is reversed in the same manner as previously de­
scribed, so that line STD is thereby rendered TRUE. 
As shown in FIG. 91 B, when line STD is thus rendered 
TRUE, Jine TS5 is likewise rendered TRUE. Conse­
quently, in response to lines STD and TS5 being rendered 
TRUE, a "STD" subinstruction is thereafter executed 
whereby the contacts of section 5 of the instruction regis­
ter is stored in the word-selecting register, thus terminat­
ing the sequence of events initiated in accordance with 
an "ECW" subprogram. 

74. Detailed Description of SHF Instl'llctioll 
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Description 

0B:'[(4)-O-L_ Prc'ct the state ofline on:-! to oorn,,])ond to 
the algebraic ~ig-n of the \yorrl just rt'ad from 
nH~mory; t,hercaftf'r, go to Step 4. . 

H,Lrt-O-3 ______ i PfG"ct the H-eOl1nler to a count, r~orr('sp(mdmg 
t.o tlle low-ord{lr J-if!it of ~(1:etiol1 2 of t,hp iUR 
ctruction rcgi::.!er; ttH~T('arrer, go to ~tl"P 5. 

R<p~1l-1S _______ If the ]l-ronnter j, CIt. a connt of "0," go to Step 
18; othervlbe. go to Step 6. 

II2-7-10 _______ If the high-order digit in ,cetion 2 of thp in-
,,,t,rueHon frfIbtrr is a "2,'1 go to Step 10; 
ot,hcnvi:-.e t go to ~tcp 7. . 

II3·-S-1L ______ litho high-ordl'f digit in ~~ection 2 of the m~,lruc-
tion rrgi "ler i.:;:J. 1'3/' go to Stnp 11; otllcnvit'!e, 
go to St.~p 8, 

II4-9-12_______ If th,' high-order digit in ,celion 2 of the in­
ftrurtion regi:,.ter is n "4," go to St.op 12; 
otllerwhe, go to Step 9, . 

If,'J-O~14 _______ If the bigh-ordt'r digit- in section 2 of tbe Jll-
~truction n'gi~ter i~ a "5," go to Step 14. 

SAO)-O-16 ____ 1 Shift the word of addrc,,-A one Jllace 10 the 
1eft~ thf"n'after, go to St-12P 16. 

Hl-12-15~ _____ If the H.-counter i:.; at a ('ount of "1," go to 

on-:\'1(2)~13-
1-l, . 

PK[H)-IL ___ _ 

8tl'p 15; ol,henvi::r, go to Step 12. 
Iftlle ,(aw oflino OII.\! is THUE, go to Step 

14; otherwi'"(\ go 10 St('P 13. 
Pre~·et the Ii K" digit-Tegi3ter to H!J1'; therraHeT, 

stijftt~h~te;~,:r~i of addrc,,-A one place to tbo 
81\(2)-0-1Ii.___ right; thereafter, go to St"p In. 

Add tb" cOIl<tant 0000000005 to the word stored 
in addrc::Js-A; th{'n~aftcr. go to Stpp 12. 

AHO-O-12 

"B(l)-O~l7. ___ Shift the word ol ad,lre,,,-B one place to the 
lef/; th('fcaftPt, go to St.ep 17. 

Dlt--o-5 _______ Deerem('nt the R-cann!cr; (boreall.<'r, go (0 
Step 5, 

A:,1-\-19 ______ Copy the word of address-A into memory at 
the adrlrc'1s specified by the content:::; of !'cc­
tion 4. of tho instruetion regislcr; thereafter t 

In executing a "shift" instruction, one of five possibJe 
subprograms is carried out, depending upon the value 
of the high and low order digits stored in section 2 of 
the instruction register. For example, if the number 
stored in section 2 of the instruction register is "00," a 
simple copy operation is carried out, whereby the word 
stored in memory at the address specified by the con­
tenls of section 3 of the instruction register is copied into 
the address in memory specified by the contents of sec­
tion 4 of the instruction register; if the high-order digit 
stored in section 2 of the instruction register is a "2," the 
word stored in memory at the address specified by sec­
tion 3 of the instruction register is shifted to the left by 
the number of digital positions specified by the value 
of the low-order digit stored in section 2 of the instruc­
tion register, and, thereafter, the result is stored in the 
address in memory specified by section 4 of the instrnc­
tion register; if the high-order digit stored in section 2 

ao go to bt(']l 19. 
W_____ STD~J-* ______ Copy!hc contonts o[,oolion 5 of the inotruction 

of the instruction register is a "3," the word stored in 33 
memory at the address specified by section 3 of the in­
struction register is shifted to the right by the number of 
digital positions specified by the vallie of the low-order 
digit in section 2 and is rounded off to the ne3rest half­
cent, and, thereafter, the result is stored in memory at 40 
the address specified by section 4 of the instruction regis-
ter; if the high-order digit in section 2 of the instruction 
register is a "4," the wonl stored in memory at the ad­
dress specified by section 3 of the instruction register is 
shifted to the right by the number of digital positions eli) 

specified by the value of the low-order digit in section 2 
of the instruction register while preserving its alegbraic 
sign, and, thereafter, the word is stored in memory at the 
address specified by section 4 of the instruction register; 
and, if the high-order digit in scc~ion 2 of the instruc- GO 
tion register is a "5," the word stored in memory at the 
address specified by section 3 of the instruction register 
is shifted to the right by the number of digital positions 

~e~~~ci~s~:u~~~nv~~~fst~;, ~~~tJ~~:~-;~~~:r~:~~ ft~ !~~~i~r~j~ [),' 
sign, and, thereafter, the word is stored in memory at the 
address specified by section 4 of the instruction register. 

Listed below in somewhat tabular form, and also 
graphically illustrated by the flow diagram of FIG. 107E, 
is a step-by-step description of the various previously- GO 
described subinstrllctions to which the computer is sequen­
tially responsive in executing a "SHF" instmction. 

---_._----------

Step ]){'s('riplioll 

regbter into the word-~l'lccting Icgi~tcr. 

Upon completion of the execution of the previously 
initiated "Ml" word-cycle, during which time the next 
instruction word is read out from the address in memory 
specified by the contents of the word-selecting register 
and thereafter stored in the instruction register, if the 
contents of section 1 of the instruction register thereafter 
corresponds to the code designation for a "SHF" instruc­
tion (i.e., "04"), the state of line SHF is rendered TRUE 
in the manner previously described with respect to FIG. 
56, and, as a result, a "shift" instruction is thereafter 
executed in the foHowing manner: 

With reference to FIGS. 93A and 93B, there is logi-
cally illustrated therein a composite circuit diagram of 
particular portions of the computer circuitry utilized in 
executing a "SHF" instruction. With particular reference 
to FIG. 93B, at TH,,1E-l after the initiation of a "MI" 
\.vord-q ;;le, the state of flipflop 6095 is reversed and line 
OBlVI is rendered FALSE thereby. Upon completion of 
the ")I,Ii" word-cycle. the state of flipflop 6091 is reversed 
due to a TRUE-to-FALSE reversal of state of line MIN, 
emd, as a result, the state of line MA is thereby rendered 
TRUE. Dne to the fact that line TS3 is also rendered 
TRUE when line MA is rendered TRUE, a "MA" word­
cycle is thereafter executed whereby the word stored 
in memory at the address specified by section 3 of the in­
struction register is read out and stored in address-A. 
Simultaneollsly therewith, the word from memory is 
copied digit by digit into the ''1'' digit-register via gate 
1418 (FIG. 71), all in the manner previously described. 

Suhinstruc- ,. 
ti0ns 

---------------------~-----
COry th~ 11('xt in~;tru('tion ,,,'ord intn j11r inM 

f,f,r"tlPtlon n'gi;;tN, t118 Hdflr!~,~s in m(~nlOry 
(If the lwxt ir1'-tnwti(ln w()rd llCillg' illdir'utpd 
hv I1w C(111j(\llt~ ofthl' ,,~ord-~t'lecting rc~j~·t('r; 
nit;n'nftef! il1.l1f' ('(mt(,T1t.~~, thu'l ;'torrd in f(,C­
lion 1 oftlw in~trwtion r~'~i~I(Tk "O·j,~l CElrry 
out tho ~llhin~'(rll('ti('.n li~'jrd in fitcp 2 of the 
f(,11owing- ~~nF 8uhprop-rnm. 

Consequently, after the "MA" word-cycle is terminated, 
the "J" digit-register is storing the tenth-order digit of 
the word just read from memory. Upon completion of 

65 the "MA" word-cycle, the state of flipflop 6091 is again 
reversed when line AN experiences a TRUE-to-FALSE 
reversal of state, and, as a result, line ]\fA is thereby 
rendered FALSE. 

i\r A -3-3 ______ _ CI/l1Y into nd(lfl<"~-A Ow \yoru :'torrd in ITlrm­
ory ~ll tllt' rddrr)"'.s ~TNinNl lly ,rrd.inn .3 of 
tlll' in~'jrl1('!i(in n'ri'"~or, 1!TH1, "inw1t:n'E"on-ly 
nwn'wHl1, ('(\fiy jh(~ l,i"Orl'l d1rit 1·;: (';i'H 1Tlt.O 
tho oJ OJ digH-rl'gbtl~r: ~ hell',lL l t, ~,c l:...a ~ ll;.':3. 

If the tenth-order digit thus stored in the "J" digit-
70 register has a value other than "9," so that the line (19)' is 

TRUE, indicating that the algebraic sign of the word just 
read from memory is positive, the state of flipflop 6095 
is reversed upon completion of the previously-initiated 
"I\,IA" word-cycle, the R-collnter having previously been 

75 reset to zero via a TRUE-to-FALSE reversal of state of 
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line PR¢ when line STD is rendered FALSE at the begin­
ning of the "shift" subprogram. Consequentiy, line 08!\1 
is rendered TRUE thereby. !t, however, the tenth-order 
digit thus stored in the '']'' digit-register has a value of 
"9," so that line (19)' is FALSE, indicating that the alge- 5 
braic sign of the word is negative, the state of flipflop 
6695 remains unchanged, so that line OBM remains 
FALSE. It is evident, therefore, that line OBM is ren­
dered TRUE if the algebraic sign of the word read from 
memory is positive and is rendered FALSE if the aige- 10 
braic sign of the word read from memory is negative. 

Also, when the previously-initiated "MA" word-cycle 
is completed to the extent that line EG is rendered 
FALSE, the state of line RLR is likewise reversed from 
TRUE to FALSE. As a result of the state of line RLR Iii 
being reversed from TRUE to FALSE, the low-order digit 
of section 2 of the instruction register is stored in the 
R-counter in the same manner as previousiy described 
with respect to FIG, 68. Thus, if the R-counter is there­
after storing a "0," indicating a "no shift" or copy opera- 20 
lion, the state of flipflop 61)77 is reversed when line AN is 
subsequently rendered FALSE and line AI\,1 is thereby 
rendered TRUE. When line AM is rendered TRUE, line 
TS4 is likewise rendered TRUE. Consequently, in re­
sponse to lines AM and TS·1 thus being rendered TRUE, 25 
an "AM" word-cycle is thereafter executed whereby the 
word stored in address-A is copied into the memory ad­
dress specified by the contents of section 4 of the instruc­
tion register. If, however, the digit thus stored in the 
R-counter is other than "0," the \vord in address-A is to 30 
be shifted by the number of digital positions correspond-
ing to the value of the digit stored in the R-counter. 

With reference to FIG. 93A, if it is assumed that the 
word in address-A is to be shifted to the left, as indicated 
by the state of line lIZ being TRUE, the state of flipflop 35 
6101 is reversed when line AN is rendered FALSE, and, 
as a result, line SA is thus rendered TRUE. As previously 
described, when line SA is rendered TRUE, !jne DBD 
(FIG. 93B) remaining "FALSE," a "SA" subcommand 
is thereafter executed whereby the word in address-A is 40 
shifted to the left by one digital position. After the shift-
ing operation is completed, the state of flipflop GIIl1 is 
reversed, and line SA is rendered FALSE thereby. When 
line SA is thus rendered FALSE, the state of flipflop 6103 
is reversed, so that line SB is rendered TRUE thereby. 
With reference to FIG. 93 B, just prior to line SA being 45 
rendered FALSE, line DR is rendered FALSE upon occur­
rence of the next succeeding TR U £-to-FALSE reversal 
of state of line AN and thereby causes the R-counter 
(FiG. 68) to be decremented by a count of "l." If, after 
being decremented, the R-counter is at a count other than 50 
"0," a second "SA" subcommand is thereafter initiated 
by a reversal of state of flipflop 6101 (FIG. 93A), where-
by the word in address-A is again shifted to the left by 
one digital position. Thereafter, the R-counter is again 
decremented, and a subsequent "SA" subcommand is ini- 55 
tiated if the R-counter, after being decremented for the 
second time, is still at a count other than "0." However, 
if, after being decremented, the R-counter is at a count 
of "0," so that line (R¢)' is rendered FALSE, a subse­
quently-initiated "SA" subcommand is thereby prevented. (l0 

With reference to FlG. 93B, if the word originally 
stored in address-A is to be shifted to the right instead 
of to the left, so that the state of a selected one of lines 
H3 through HS is TRUE instead of line H2, line DBD is 
rendered TRUE each time line SA is rendered TRUE. G5 
Consequently, each time a "SA" subcommand is initiated, 
the word in address-A is shifted to the right by one digital 
position instead of to the left, in exactly tbe same manner 
as previously described in detail. However, it is again to 
be noted that a TRUE state of line H4 initiates a sequence 70 
of "SA" subcommands whereby the digit "9" is copied 
into the tenth-order digital position eacb time a negative 
word is shifted to the right by one dir,ital position, thus 
preserving the algebraic sign of the word; a TRUE state 
of line HS, however, initiates a sequence of "SA" shift 75 

190 
ri~ht subcommands whereby the algebraic sign of the 
word is not preserved; and a TRUE state of line H3 ini­
tiates a sequence of "SA" shift right subcommands where­
by the word is first shifted to the right by one less than 
the number of shifts specified while preserving its alge­
braic sign, and, thereafter, the constant OOO{}OOO005 is 
added thereto. Thereafter, the word is shifted by one 
more digital position. For example, if it is assumed that 
it is desired for the word to be shifted to the right by 
two digital positions and then rounded to the nearest half­
cent (j,e., the contents of section 2 of the instruction reg­
ister being "32"), the sequence of events for carrying out 
this particular shift instruction is as follows: 

Upon completion of ihc previoll~ly-ifli1i;jted "MT' word­
cycle, the stale of l1ipllop 6GS7 (~·IG. 9JD) is reversed, 
a:ld line 1\1A is thereby rendered TRUE. Line M,~ .. be­
ing rendered TRUE. initiates a "MA" \vord··cyc;e whe,e­
by the word slared i<l memory at the address specified by 
section 3 of the instruction register is rend out and scorec! 
in address-A. Just prior ,0 the lCrIT,in:lticlU (If the "l'dA" 
word-cycle, the 100v-order digit of section 2 of the instruc­
tion rc!;ister-Le., "2"-i5 stored in the R-ccuntcr. Thus, 
with reference to FIG. 93A, the output of gate 1671 ex­
periences a TRUE-to-FALSE Tcvers;ll of st:lte upon com­
pielic:) at the previously-initialed "1\lA" word-cycle. Con­
~qucntly, the slMe of flipflop 6101 is reversed, and line 
SA. is rcndc .. ·~d 'TJ .. lJE" so thnt a '\5,,-\" subcolnmand is 
thcre<lftcl' executed, whereby the word in address-A is 
shi[tcJ to the right by Oile uigital position. J-\ftCf the 
shirting operation is completed, the sl~je of Hipflop 6101 is 
revers"c!, and line SA is therehy rC!ldcrcd FALSE. When 
line SA is thus rendered F/.LSE, lh~ state of flipllop 6!1}3 
is reversed, so that line SB is there!:Jy rendered TRUF" 
With reference to FIG. 93B, :lIsa when line SA is thus 
rendered FALSE, line DR is likcv,isc L~!ilkred FALSE. 
Comcquently, the R-COllllter is decrC'mcntcd from a count 
of "2" to a count of "I." As the H.-counter is now at a 
count of "1," so that line Rl is TRUE, as the high-order 
digit in section 2 of the instruction rq;i,ter is a "3," so that 
line H3 is TRUE, and as line SB has just bcen rendered 
TRUE upon completion of the "SA" subcommand, the 
state of flipflop 6073 is reversed upen occurrence of the 
next TRUE-(o-FALSE reversal of state of line AN. As a 
result, line ARO is thereby rem!cred TRUE. As previ­
ously described, in response to line ARO thus being ren­
dered T,{UE, an "ARO" su\xommand is thereafter exe­
ellted wherebv the constant O~H!(Ji)i);l()()5 is addcd to the 
word in adJr~ss-A. Upon completion of the "ARO" sub­
command, the slate of flipflop 6073 is reversed by a 
TRUE-to-FALSE reversal of state of line AN, and line 
ARO is thus rendered FALSE. With reference to FIG. 
93A, When Ene ARO is thus rendered FALSE, the state 
of i1ipfiop 6101 is again reversed for the second time, so 
that a second "SA" suacommand is thereafter executed, 
whereby the word in address-A is again shifted to the 
right by one digital p('sition. Upon compietion of the 
second "SA" subcommand, the state of flipflop 6 un is 
again reversed by a TRUE-te-FALSE reversal of state 
of line AN, and line SA is thereby rendered FALSE. 

With reference to FIG. 933, just prior to line SA thus 
being rendered FALSE, line DR is rendered FALSE upon 
occurrence of the next successive TRUE-to-FALSE re­
versal of state of line AN, As a result, the R-counter 
is decremented from a count of ''1'' to a count of "0." 
With reference b:lck to FIG. 93A, as the R-countcr is 
now at a count of "0," so that line (R¢)' is thus rendered 
FALSE, subsequently-initiated "SA" subcommands are 
thereby prevellled. V'lith reference now to FIG. 93B, 
upon occurrence of a subsequent TRUE-to-FALSE re­
versal of state of line AN after line R¢ is rendered TRUE, 
the state of l1il'11op 61)77 is reverscd, and line AM is 
thereby rendered TRUE, When line AM is rendered 
TRUE, line TS4 is likcviise rendered TRUE. 

Consequently, in response to Jines AI'1'l a!ld TS4 thus 
being rendered TRUE, an "AM" word· cycle is thereafter 
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executed whereby the word in address·A is stored in 
memory at the address specified by the contents of section 
4 of the instruction register. Upon completion of the 
"Al\'1" word·cycle, so that line Al\'i is rendered FALSE by 
a reversal of state of flipflop 6077, the state of flipflop 
6Hl7 is reversed, so that line STD is thereby rendered 
TRUE. When line STD is rendered TRUE, line TS5 
is likewise rendered TRUE. Consequently, a "STD" sub· 
instruction is thereafter executed whereby the contents 
of section 5 of the instruction register is stored in the 
word·selecting register, thus terminating the sequence of 
events executed in accordance with a "SHF" subprogram. 

75. Detailed Description of CMA Instruction 

In the execution of a "CMA" instruction, words of all 
zeros are stored in a predetermined number of addresses 
in memory, the first address in memory being specified by 
the contents of section 3 of the instruction register and 
the last address in the string of addresses being specified 
by the contents of section 4 of the instruction register. 

Listed below in somewhat tabular form, and also graph· 
ica!ly iliustrated by the flow diagram of FIG. 107F, is a 
step·by·step description of the various previously described 
sub instructions to which the computer is sequentially 
responsive in executing a "CMA" instruction. 

Step Subinstruc­
tions 

L._ ... 1111-0-2 __ ., •••. 

z .. _ .. _ CJ\1-3·L .... _ 

Description 

Copy the next instru('tion word from Hlrn10ry 
into the iw;truetion regist.er. tilt' nddn"f,s in 
!Ilt'llLory of the n('xt in:-;trudioll \vord h('inf~ 
indicated by the contents of til<' wortl-sclcct· 
ing register; tlwf('aft(Jr. jf the contentB of ~cc­
Uen 1 of the instruction rcgi.t'tl'r is "0,\" 
corry out Step 2 of the following" CilIA" 
subpro~mm, 

Ckar the aduress in memory spN:ifirr] by tho 
contents of section 3 of the instruction re~ister 
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executing a "CMA" instruction. 1'.3 obown, when line 
MIN experiences a TRUE·to·FALSE reversal of state, 
the state of lljpflop 6032 is reversed, and iine CM is 
thcreby rendered TRUE. \Vhen line CM is thus rendered 

5 TRUE, line TS3 is likewise rendercd TRUE. Consc· 
quent!y, a "eM" word·cycle is thereafter executed 
whereby a word of all zeros is stored in the address 
in memory specified by section 3 of tbe instruction regis· 
tel' in exactly the same manner as previously described. 

10 As prel,eiollsly (!escribed with respect to FIG. 59, if the 
contents of scctions 3 and 4 of the instruction register 
are of equal magnitude, line (I3~)' is rendered TRUE; 
otherwise, line (134)' is rendered FALSE. Thus, with 
reference back to FIG. 94, if it is assumed that line 

15 (134) 'is FALSE, indicating that a successively higher· 
order address in memory is also to be cleared, the state 
of line CM remains TRUE. When line AN subsequently 
experiences a TRUE·to·FALSE reversal of state, line 
lN4 is rendered FALSE thereby, and. as a result, sec· 

20 tion 3 of the instruction register i, incremented by a 
count of "1." Thereafter, a second "eM" word·cycle 
is executed, whereby a word of all zeros is stored in 
memory at the address now specified by section 3 of 
the instruction register. If it is now assumed that the 

25 contents of sections 3 and 4 of the instruction register 
are of equal magnitUde, so that line (34)' is render<~d 
TRUE, the state of flipflop 6082 is reversed by a sub· 
sequent TRUE·to·FALSE reversal of state of line AN, 
and, as a result, line CM is rendered FALSE thereby. 

30 When line CM is thus rendered FALSE, the state of 
flipflop 6107 is reversed, and lines STD and TS5 are 
both rendered TRUE. Consequently, a "STD" subin. 
struction is thereafler executed, whereby the contents of 
section 5 of the instruction regist"r is stored in the word· 

35 selecting register, thus 'terminating the "ClvlA" wbpro. 
gram. 

76. Detailed Description of iHB Instructions 

hy \Vritillg all zeros therein; tlH.'r('DJ'ter 1 go to 40 
8tcp 3. A "motor bar" instruction simply initiates selective 

depression of a predetermined one of motor bars 23, 
27, or 28 (FIGS. 2 and 38) for either a "tonch" or a 
"hold" operation and thereafter immediately proceeds to 
the next instruction. As previollsly dcscribed, the par· 
ticular type of motor bar depression is determined by 
the value of the high·order digit of section 2 of the 

3_ ..... 134-4-5 ....... . 

4. .... _ IN40-2_.,._ •. 

If the con tents of sections 3 and 4 of jlw instrnc· 
tion H:pi~tcr Ufe equal, p·o to Step 5; othcnYit3c, 
gO to Stop 4. 

I1HT('mrnt ~edi011 3 of tho In~truction fl'j!is1-l.'r; 
1 h~:reaHcr, gO to Ekp 2. 

'> STD-I;-* , --···-1 <' ._._ •• 
Copy the ('ontUlts of ~("ction fi of UlC' im:truc­

Hon regi~tcr into the word-Hlrding H'd1ill'r. 45 

Upon completion of the execution of the previously ini· 
tiated "M[" word cycle, during which time the next in· 
struction word stored in memory at the address indicated 
by the contents of the word·selecting register is read out 
and stored in the instruction register, if the contents of 
section I of the instruction register thereafter corresponds 
to the code designation for a "CMA" instruction (i,e., 
"05"), the state of line CMA is rendered TRUE in thc 
manner previously described with respect to FIG. 56, and, 
as a result, a "CMA" instruction is thef'<:after cxeclited 
in the following manner: 

At TIME-4 after the "MI" word· cycle is substantia!!y 
completed, line AN (HG. 61) is again rendered TRUE 
and ten microseconds later at TIME-l ,is again rendered 
FALSE. With reference back (0 FIG. 76, whcn line 
AN is rendered FALSE upon completion of the "1\11" 
word·cycle operation, the stale of flipflop 6092 is again 
reversed, and line !'vir is rendered FALSE thereby, thus 
terminating the "Ml" word·cycle operation. A, pre· 
viously mentioned with rcspect to FIG. 72, as long as 
both of Jines MI and AN are TRUE, line MIN is TRUE. 
Consequently, when line AN ,is thus rendered FALSE, 
line MIN is likewise rendered FALSE. 

Refercnce is now made to FIG. 94, wherein there 
is logically illustrated a composite circuit diagram of 
var50us portions of the computer circuitry utilized in 

instruction register. For example, if the high·order digit 
of section 2 of the instrucHon register is a "0," upper 
motor bar 23 is actuated for a touch operation; jf the 

50 value of the high·order digit is a "I," upper motor bar 
23 is actuated for a hold opcration; if the high· order 
digit is a "2," middle motor bar 27 is actuated for 
a touch operation; if the high·order digit is a "3," mid­
dle motor bar 27 is actuated for a hold operation; if 

55 the high·order digit is a "4," lower motor bar2S is ac. 
tuated for a to[lch operation; and, jf the high.order 
digit is a "5," lower motor bar 2& is actuated for a hold 
operation. Al~;o, as previously described, the value of 
the low·order di~it of section 2 of the instruction regis. 

60 ter determines the position of the decimal point when 
the word is subsequently printed out. For example, if 
the low·order digit is a "0," a normal decimal point is 
printed between the second ,end third order digits of 

05 the word printed out; if the low·order digit is a "J," a 
decimal point in the form of a "comma" is printed be· 
tween the fifth and sixth order digits of the word printed 
out; if the low·order digit is a "2," a comma is printed 
between the eighth and ninth order digits of the word 

70 printed out. 
Listed below in somewhat tabular form, and also 

graphically illustrated by the flow diagram of FIG. 107G, 
is a step·by.step description of the various previously 
described subinslructions to which the computer is sequen· 

75 t;alIy rc"ponsive in executing a "MB" instruction. 



Step Subinstruc­
tlons 
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DescripUon 

3,112,394 
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the accounting machine is in a condition such that ac­
tuation of a motor bar is capable of initiating a cycle 
of operation thereof, line GO is rendered TRUE, in­
dicating that a cycle of operation of the accounting ma-

L _____ MI-Q-L _____ _ Copy the next instruction word from memory 
in to the instruction register, the address in 5 
n1ernory of the ne:'l..t illstrn(~tion word lwing­
indicated by the contt'llts of the word~ 
s('lceting rcgistt'r; thereafter, if the contc'nts 

chine is permitted to be initiated at this time. It being 
assumed that line GO is TRUE, the state of flipflop 
6118 is reversed at TlME-3 after line KEY is rendered 
TRUE and line WOA is thereby rendered TRUE. When 
line WOA is rendered TRUE, a selected one of motor 

2 ______ PF¢-O-L _____ 

3 ______ GO-Q-4 _______ 

4 ______ H¢-6-L ______ 

5 ______ :'.iB¢(1)-Q-1L 
6 ______ Ml-8-L ______ 

7 ______ MB¢(2)-Q-1fi_ 

8 ______ II2-1G-9 _______ 

9 ______ MB1(l)-O-lL 

10 _____ II3-12-1L ____ 

lL ____ MB1(2)-Q-1L 

12 _____ II4-14-13 ______ 

13. ____ MB2(1)-G-16. _ 

14- ____ TI5-0-1L _____ 

15 _____ MB(2)-Q-16 ___ 

16 _____ L1-18-1L _____ 

17 _____ OII1-Q-20 _____ 

18 _____ L2-2G-19 ______ 

19 _____ OII2-Q-20. ____ 

20 _____ PCT-Q-2L __ _ 

2L ____ AF-Q-22 _____ _ 

22 _____ F9-20-23 _____ _ 

23_ ____ STD-5-· _____ _ 

of section 1 or the ins.truction reViflter i~ It 00," 
~o to Step 2 of the following" AlB" subrro­
gram. 

Prrset the F-countrr to "0"; thereafter go to 
Step 3. 

00 to Stp!} 4 '\vhrnrver (lcprcss;on of a motor 
bar is capable nf irdtint~n2; a cycle of operation 
of the m'('OtlntJnf! mnehine. 

If the high-order (Ii~it of section 2 of the in· 
SLnlction regi~tcr is a "0," go to Step 5; other­
"1'·1s[', go to Step 6. 

Depress the upper motor bar for a touch opera· 
t1.on; therpnfter, go to Rtrp lG. 

If the high-ordC'·r dt~jt of Sf'ctlon 2 of the instw('­
t:on register is 1I1,n go to Step 7; otherwise, go 
to 8tep 8. 

Depress the upper motor bar for a hold opera­
tion; thereafter, go t.o Step IG. 

II the high-order d i~it of sertion 2 of the instmc­
tion regist(~r is a "2/' go to Step 9; otherwise, 
go to Step 10. 

Drprc-ss the middle motor hn.r for a touch opern­
tion; thereafter, go to Step 1G. 

If the high-order digit of se('t.ion 2 of the instruc­
tion rc~!ish;r js a l '3," go to Step 11; othcn\'i~e, 
go to Step 12. 

Depress t.hc mi<ld Ie motor hor for a hold opera· 
tion; thereofter, go t.o 81"1) lG. 

If the lItgh-ordcr dir,it of sf'ctlon 2 of tho instfl'c­
tiol1 re~istcr is [l. "4,H go to Step 13; otherwisE:', 
go to Step 14. 

Dcprrss the lO\iI;er motor bar for a touch opcra­
t:on; thcrcafV"'r, ~o to Btl'lI Hi. 

II the high-o"ler (ligit of s,"ctcon 2 of the instruc­
tion rr~!ister i~ a "5," ~o to 8t,~'p 15. 

Depress Lbe lower motor hor for a hold opera­
tion; thercafter, go to Step IG. 

If tbe low·order digit of SPCtiOll 2 of the instnlC­
tion n'\g~ster is a 111," go to Step 17; otherwise, 
go to Step 18. 

,iVhen printing O(,(,UfS, print f.l comma between 
the fIrth [tnd sixth order digits and, if there 
are no h:;:?:rH.'r-onltr slf!:nifieunt digits, print n. 
zero preci.:uing th{3 comma. Thereafter, go to 
Step 20. 

If the low·order digit of spct.ion 2 of the inst.ruc­
tion register is a H2/' go to Step 19; otherwise, 
go to Stefl 20. 

'Vhen printing occurs, p1ac-e a cmuma betwrrn 
the eighth and Ilinth ord{>r digits, and, if there 
afe no highcr-onlrr sig-n[1krmt. digtts, print [L 

"0" prcreding the COIlUlla. Therenfter, go to 
St.ep 20. 

V{hpTI the ~mOllnt rar}{s arc trn.vC'ling in a 
"setting" direction, go to Step 21 ench time 
the timing rack is translated to a different 
digital valued position and also when U:e 
print.ing alien(~r i.s ('ngageu. 

Increment the F-(;Ollnter; thereafter, go to 
Stt'P 22. 

If the F-colJnter is at a count of "9," go to Step 
2~'3; othc·nvlsP, go to 8tt;p 20; 

Copy the {"on tents or s('L'tion 5 of the instruction 
register into the word-selecting register. 

Upon completion of the execution of the previously 
initiated "MI" word-cycle, during which time the next 
instruction word is read out from the address in memory 
specified by the contents of the word-selecting register 
and thereafter stored in the instruction register, if the 
contents of section 1 of the instruotion register thereafter 
corresponds to the code designation for a "MB" ,instruc­
tion (Le" "06"), the state of line MB is rendered TRUE 
in .a manner previously described with respect to FIG. 
56, and, as a result, a "motor bar" instruction is there­
after executed in the following manner; 

With reference to FIG. 95, there is logically illus­
trated therein a composite circuit diagram of particular 
portions of the computer circuitry utilized in executing 
a "MB" instruction. As shown therein, upon comple­
tion of the previously-initiated "MI" word-cycle, the state 
of flipflop 6089 is reversed when line MIN experiences 
a TRUE-to-F ALSE reversal of state, and, as a result, 
the state of line KEY is rendered TRUE thereby. Also 
when line MIN is initially rendered TRUE, line PFet> 
experiences a TRUE-to-FALSE reversal of state, thus 
causing the F-counter (FIG. 72) to be preset to "zero." 
As previously described in detail, if it is assumed that 

10 bar solenoids MBcp, MBI, or MB2 is energized, de­
pending upon the value of the high-order digit of sec­
tion 2 of the instruction register. For example, if the 
high-order digit is either one of the digits "0" or "1," 
motor bar solenoid MBet> is energized; if the high-order 

15 digit is either one of the digits "2" or "3," motor bar 
solenoid MBI is energized, and, if the high-order digit 
is either one of the digits "4" or "5," motor bar sole­
noid MB2 is energized thereby. As a result of a se­
lected one of the upper, middle, or lower motor bar 

20 solenoids being energized, a cycle of operation of the 
accounting machine is thus initiated thereby. With ref­
erence to FIG. 72, when the accounting machine begins 
to cycle, the movable arm of switch 540 is deflected 
to the left, as viewed, so that line (NT)' is thereby 

25 rendered TRUE. Thereafter, each time the accounting 
machine timing rack is translated from one digital val­
ued position to a successively high-order digital valued 
position, the state of flipflop 6072 is reversed, so that 
line PCT experiences a TRUE-to-FALSE reversal of 

30 state in the same manner as previously described. Also 
as previously described, a TRUE-to-FALSE reversal of 
state of line PCT effectively increments the F-counter 
by a count of "1." 

With reference back to FIG. 95, after the F-counter 
35 reaches a count of "9," so that line F9 is rendered TRUE, 

the state of flipflop 6118 is reversed upon occurrence 
of the following TRUE-to-FALSE reversal of state of line 
AN, and, as a result, line WOA is rendered FALSE 
and thereby causes any previously-energized motor bar 

40 solenoid to be de-energized. 
When the F-counter first reaches a count of "8," so 

that line F8 is rendered TRUE, order-hook solenoid OHl 
is energized if the low-ordered digit in section 2 of 
the instruction register is a "1," whereas order-hook sole-

45 noid OH2 is energized if the low-order digit in section 
2 is a "2." As previously described with respect to 
FIG. 35, when order-hook solenoid OHl is energized, 
all order-hooks from the third to and including the eighth 
one are unlatched from their respective type sectors. 

50 However, when order-hook solenoid OH2 is energized, 
all order-hooks from the third to and including the elev­
enth one are unlatched from their respective type sectors. 

Also as shown, upper motor bar solenoid MB</> is de­
energized when the F-counter is advanced from a count 

55 of "0" to a count of "1," unless the high-order digit in 
seclion 2 of the instruction register is a "I"; middle 
motor bar solenoid MBI is de-energized when the F­
counter is advanced from a count of "0" to a count 
of "1," unless the high-order digit in section 2 of the 

60 instruction register is a "3"; and lower motor bar sole­
noid ME2 is dc-energized when the F-counter is ad­
vanced from a count of "0" to a count of "1," unless 
the high-order digit is a "5." It is evident, therefore, 
that either a touch or a hold operation of a particular 

65 motor bar is accomplished simply by maintaining the 
corresponding motor bar solenoid energized for a pre­
determined period of time. However, as previously 
stated, when line '\lOA is subsequently rendered FALSE, 
any previously-energized motor bar solenoid is de-ener-

70 gized thereby. After the F-counter reaches a count of 
"9," so that line F9 is rendered TRUE, the state of flip­
flop 6IG7 is reversed when line WOA is thus rendered 
FALSE and line STD is rendered TRUE thereby. When 
line STD is thus rendered TRUE, line TS5 is likewise 

75 rendereel TRUE. Consequently, a "STD" subinstruction 
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1£5 
is thereafter executed whereby theconlents of section 
5 of the instruction register is copied into the word­
selecting register, thus terminating the sequence of events 
executed in accordance with a "MB" subprogram. 

77. Detailed Description of STP Instructions 5 

196 
78. Detailed Description of ADD Instructions 

In executing an "add" instruction, any two words stored 
in memory addresses ¢¢ through 99 are algebraically 
added togethn, and their sum is thereafter stored in any 
predetermined memory address. 

Listed below in somewhat tabular form, and also 
graphically illustrated by the flow diagram of FIG. 1071, 
is a step-by-step description of the various previously­
described subinstructions to which the computer is se-

The "stop" instruction is utilized simply to effect cessa­
tion of al1 computation 2nd data-handling activity within 
the computer until the rcsume-program-bar is manually 
depressed. 

Listed below in somewhat tabular form, and also 
graphically illustrated by the flow diagram of FIG. 107H, 
is a step-by-step description of the various previously de­
scribed subinstructions to which the computer is sequen­
tially responsive in executing a "STP" instruction. 

W quentially responsive in executing an "ADD" instruction. 

15 
--,--------;------------------

Step SuLInetruc- I 
tlOII8 

----.-0-1 
L _____ l\!LO-. _____ _ 

2 ____ _ llPB-O-3 _____ _ 

3 ______ STD-5-' _____ _ 

Copy (he Ill'XL ~nstrll(·tin!l won] frol1l memory 20 
into the in~trt;d;on rt':!:istl'r, Ill{' nd(1r('~,s in 
IIlE-'Hlm"y of tUl' H(''Xt itJ~,tn~{'t:on "',ron I h('in~ 
imi;eatt'd hy t.he r()nt~ntsof lhe \voru-.ch'ct· 
ing rt'g"istf'r; tl}f'rl'Llft:~'r, if Ow COlltpllt~ nl ~;C«-
tiOll 1 of til(' in:-:Lrudion TI'g-istpr t~ </0';/' ~;~l to 
Sh'p 2 of the fullov;:ing slIbprugmm. 

"Upon dl."prns!on of the nsuIllc-prnp:n-:m·lxlf, 25 
go to St<'[l 3. 

Copy the ('ontpnts nfs,'dion 5 of the ill:-:trn('("Ull 
register into t.t1e \yonk:.l'leet.lng- fl'g:stl'r. 

Step Subil]struc~ 
tions 

Description 

--------------------------
L _____ 1\11-0-2 _____ _ 

ilIA -2-3 ______ _ 

3 ______ llAD-3-4 ____ _ 

4 ______ A\1-4-5 ______ _ 

Copy the noxt instruction word from momory 
into lhe instruction regielcr. the address in 
JI~('rnory of the next instruction word bl:'ing 
indicated by tho contents of the word-srlect­
in;; n~,.;ister; thereafter, if the contents of sec­
tion 1 of t.he instruction re~ister is I '08," go to 
Stt'P 2 o( the following sLlbpro~ram. 

CO],y into addrcss-A the word located in the 
uIlLlrl'SS in tflcmory ::;pedf'w\l by the contents 
of ~t.:'(·,tion 2 of tlw iUf:'trnction regist-Pf, and 
simuU""HlcOusiy eopy tlw ",;on], digit by digit, 
into the uJ" di~it-register; thereni(er, !!o to 
Step 3. 

Add to the word stored in address-A the word 
stored. in the tidrlrt:s~ in Illemory specif1ed by 
the contents of section 3 of the instruction 
register, and thereafter store the sum back in 
addreSS-A; thereafter, go to Step 4. 

30 5 ______ STD-5-' _____ _ 
Upon completion of the execution of the previously 

initiated "MI" word-cycle, during which time {he next 
instruction word is read out from the address in memory 
specified by the contents of the word-selecting register 
and thereafter stored in the instruction register, if the 
contents of section 1 of the instruction register thereafter 
corresponds to the code designation for a "STP" instruc- 35 
tion (i.e., "07"), the state of line STP is rendered TRUE 

Copy the word of aililregs-A into the address 
in memory specified by the contents of sec~ 
Uon 4 of the instruction register; tht'rcafter, 
go to Step 5. 

Copy the contents of ,;ection 5 of the ins.Lruc­
tio!! re~i;.;ter into the word~selectlng regIster. 

in a manner previously described with respect to FIG. 
56, and, as a result, a "stop" instruction is thereafter 
executed in the following manner: 

With rderence to FIG. 96,there is logically illustrated 40 
therein a composite circuit diagram of particular portions 
of the computer circuitry utilized in executing a "STP" 
instruction. As shown, when line STP is rendered TRUE, 
lamp HA is illuminated (see also FIGS. 1 and 2), thus 
giving a visual indication that depression of the resume 4J 
program bar is necessary before any computation or 
data-handling activity will commence. As shown in FIG. 
38, when resume-program-bar RPB is depressed, the mov­
able contacts of switch RPI-RP2 are actuated thereby. 
With reference now to FIG. 84, when the resume-pro- 50 
gram-bar is depressed, the normally-open contacts of 
switch RP2 are closed, and the normally-closed contacts 
of switch RPI are opened thereby. At TIME-l after the 
contacts of switch RP2 are thus closed, the state of flip­
flop 6138 is reversed, so that line RP is rendered TRUE 53 
thereby. However, after the resume-program-bar is re­
leased, so that the contacts of switches RPI and RP2 
resume their initial conditions, as shown, the state of 
flipflop 6138 is again reversed at TIME-I, so that line 
RP is rendered FALSE thereby. With reference to FIG. 60 
78, when line RP experiences a TRUE-to-FALSE reversal 
of state, the state of flip-flop 6099 is reversed, and line 
RPB is thereby rendered TRUE. However, upon a sub­
sequent TRUE-to-FALSE reversal of state of line AN, 
the state of flipflop 6099 is again reversed, so that line OJ 
RPB is thereby rendered FALSE. With reference now 

Upon completion of the execution of the previously­
initiated "MI" word-cycle, during which time the next 
instruction word is read out from the address in memory 
specified by the contents of the word-selecting register 
and thereafter stored in the instruction register, if the 
contents of section 1 of the instruction register thereafter 
corresponds to the code designation for an "ADD" in­
struction (i.e., "08"), the state of line ADD is rendered 
TRUE in a manner previously described with respect to 
FIG. 56, and, as a result, an "add" instruction is there­
after executed in the following manner: 

Reference is made to FIG. 97, wherein there is logical­
ly illustrated a composite circuit diagram of particular 
portions of the computer circuitry utilized in executing an 
"ADD" instruction. As previously described, upon com­
pletion of the previously-initiated "MI" word-cycle, the 
state of lin~ J\lIN experiences a TRUE-to-FALSE reversal 
of state. When line MIN is thus rendered FALSE, the 
state of flip flop 6091 is reversed and line MA is rendered 
TRUE thereby. When line MA is thus rendered TRUE, 
line TS2 is likewise rendered TRUE. Consequently, a 
"MA" word-cycle is thereafter executed, whereby the 
word stored in memory at the address specified by section 
2 of the instruction register is read out and stored in 8d-
drcss-A. After the word is stored in address-A, line AN 
exp·eriences a TRUE-to-FALSE reversal of state, so that 
the state ,of flip flop 6091 is again reversed and line MA 
is thereby rendered FALSE. When line MA is thus ren­
dered FALSE, the state of flipflop 6097 is reversed, and 
line RAD is rendered TRUE thereby. When line RAD is 
thus rendered TRUE, line TS3 is likewise rendered TRUE. 
Consequently, a "RAD" subcommand is thereafter ex­
ecuted, whereby the word stored in memory at the address 
specified by section 3 of the instruction register is added 
to the word just stored in address-A. Upon completion 
of the addition operation, line AN experiences a TRUE­
to-FALSE reversal of state, so that the state of flip flop 
6097 is again reversed and line RAD is rendered FALSE 
thereby. As a result of line RAD thus being rendered 
FALSE, the state of flip flop 6077 is reversed, and line 
AM is thus rendered TRUE. When line AM is thus 
rendered TRUE, line TS4 is likewise rendered TRUE. 

to FIG. 96, when line RPB thus experiences a TRUE-to­
FALSE reversal of state, the state of flipflop 6107 is re­
versed, and line STD is rendered TRUE thereby. When 
line STD is thus rendered TRUE, line TS5 is likewise 70 
rendeted TRUE, and, as a result, a "STD" subinstruc­
tion is thereafter executed, whereby the contents of sec­
tion 5 of the instruction register is copied into the word­
selecting register, thus terminating the sequence of events 
executed in accordance with a "STP" subprogram. 75 Consequently, an "AM" word-cycle is thereafter executed. 
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whereby the sum now stored in address-A is copied into 
memory at the address specified by section 4 of thc in­
struction register. After the sum is properly stored in the 
designated address in memory, line AM is rendered 
FALSE, so that the state of flip flop 6107 is reversed and 5 
line STD is rendered TRUE thereby. When line STD is 
thus rendered TRUE, Line TS5 is likewise rendered 
TRUE. As a result, a "STD" subinstruction is thereafter 
executed, whereby the contents of section 5 of the instruc­
tion register is stored in the word-selecting register, thus 10 
terminating the sequence of events initiated by the "ADD" 
instruction. 

Step Snhi,,:;\ruc- I 
tions 

L _____ ,\H-O-2 ______ _ 

2 ______ CA(1)-1l-L __ _ 
3 ______ RAD-3-4 ____ _ 

4- _____ I34-5-6 _______ _ 

Description 

------------------------------
Copy into the instruction register the next in· 

struction word stored in memory at the ad, 
dress specified by the contents or the worti­
selecting register; thereafter, if the contents 
of section 1 of the instruction register is' f 10," 
go to Stop 2 of the folio wing subprogram. 

Clear address-A; thereafter, go (0 Step 3. 
Add to the word in adrlress-A the word stored 

in memory at the address specified by the 
~on kn ts of section 3 of the instruction regis­
ter; thercarV.'r, go to Step 4. 

H the me'nory addresses specified by the con­
tents of sections 3 and 4 of the instruction 
register are equal, go to Step 6; otherwise, go 
to Step 5. 

79. Detailed Description of SUB Instruction 

During the execution of a "subtract" instruction, a word 
·stored in a predetermined address in memory is sub­
tracted from a second word stored in a second prede­
termined address, and the remainder resulting from the 
subtraction operation is thereafter stored in a third desig­
nated address in memory. 

Listed below in somewhat tabular form, and also graph­
ically illustrated by the flow diagram of FIG. 107J, 
is a step· by-step description of the various previously-de­
scribed wbinstructions to which the computer is sequen­
tially responsive in executing a "SUB" instruction. 

Step Subinstruc­
tions 

L _____ 1\1I-1l-2 ______ _ 

1' .. _____ MA-2-L ____ _ 

3 ______ nSB-3-4 _____ _ 

4 ______ AM-4-L ____ _ 

5 ______ STD-5-' _____ _ 

Description 

Copy the next instruction \vord from Inm110ry 
into the instruction rc,r;:ister, the addrl'ss in 
momory of the next instru(·tion viwrd being' 
indicated by the contents of the worrl-select­
ing register; till'ren-ftpr, if the cnnif'nts of sec­
tion 1 of the instruction regbtcr is H 09," go 
to Step 2 of the foll,)wing suhprogram. 

Copy into addrps51-A the word rrom the ndcIrc:"s 
in lTICmory specified by the contents of sec­
tion 2 of the instruction rcgi:-;t,('r, and sin~ul­
taneou~ly ('opy th~ "vord digit by digit into 
the (OJ" (li~it-f{jgist.('r; tlll'Teafter, go to Step 3. 

Subtract tbe word stored in "lTcemory 3t the' ad­
dress ~pecifi('d by the contrnts of section 3 of 
the instruetion register fronl the ,vord just 
stored in adrirpss-A, and tlwftJll.fll'r ;;tr)fe the 
remflinder bm~k in address-A; thereafter, go 
to Step 4. 

Copy the wore! storee! in nrldrccs-A into IT'em­
ory at the address specified hy tIll' ('onl.pnts 
of ~ed.ion 4 of the instru';Uon register; there-
after, go to Stell 5. . 

Copy the eDnten!s of section 5 of the lil'truc­
tion register into the woru-scl{.'cting register. 

13 5 ______ IN4-Q--3 ______ _ Increment scction 3 of the instruction register; 
thereafter, gO to Step 3. 

6 ______ AM-2-L ____ _ 

1- _____ S1'])-5--* _____ _ 

20 

Copy the word stored in address-A inl0 the 
nrldrcss in memory specified by the, contents 
or section 2 of the instruction register; there­
after, go to Step 7. 

Copy the contents of section 5 of the instruction 
register into the word-selecting register. 

Upon completion of the execution of the previously 
initiated "MI" word-cycle, during which time the next 
instruction word is read out from the particular address 

25 in memory specified by the contents of the word-selecting 
register and stored in the instruction register, if the con­
tents of section 1 of the instruction register thereafter 
corresponds to the code designation for a "SUM" instruc­
tion (i.e., "10"), the state of line SUM is rendered TRUE 

30 in the manner previously described with respect to FIG. 
56, and, as a result, a "SUM" instruction is thereafter 
executed in the following manner: 

3:3 

With reference to the composite logical diagram of a 
"SUM" instruction shown in FIG. 99, when line MIN is 
rendered FALSE upon completion of the previously-
initiated "MI" word-cycle, the state of flipflop 6080 is 
reversed, so that line CA is thereby rendered TRUE. 
Consequently, a "CA" word-cycle is thereafter executed, 
whereby a word of all zeros is stored in address-A. 

40 When line CA is rendered FALSE by a subsequent change 
of state of flipflop 6080 upon completion of the just­
initiated "CA" word-cycle, the state of flipflop 6097 is 
reversed, so that line RAD is thereby rendered TRUE, 
which, in turn, renders line TS3 TRUE. In respons,) to 

45 lines RAD and TS3 being rendered TRUE, a "RAD" 
subcommand is thereafter executed, whereby the word 
stored in memory at the address specified by section 3 of 
the instruction register is algebraically added to the word From a comparison of the flow diagrams relating to an 

"ADD" and a "SUB" instruction shown in FIGS. 1071 
and 107J, it is apparent that the two subprograms relat- 50 
ingthereto are substantially identical, the exception being 
that, when line SUB (FIG. 98) is rendered TRUE in 
order to initiate a "SUB" instruction, line SAS is likewise 
rendered TRUE. As previously described in detail with 
respect to the adder-subtracter shown in FIGS. 53 and 54, 
when line SAS is TRUE, a subsequently initiated "RAD" 
subcommand causes a subtraction mathematical operation 

in address-A. 
If it is assumed that the contents of sections 3 and 4 

of the instruction register are of unequal magnitude, indi­
cating that there are additional words in memory to be 
added to the word in a,ddress-A, line (134)' is rendered 
FALSE in the manner previously described with respect 

55 to FIG. 59. Thus, when line AN is rendered FALSE 
upon completion of the previously-initiated "RAD" sub­
command, the state of line IN4 is likewise rendered 
FALSE, while the state of flipflop 6097 remains un­
changed. Consequently, section 3 of the instruction reg-

to take place within the adder-subtract or unit rather them 
an addition mathematical operation, as before. Conse­
quently, in view of the preceding detailed description of 
an "ADD" instruction, a detailed description of a "SUB" 
instruction would only result in undue repetition. 

80. Detailed Description of SUi'v[ Instructions 

In executing a single "SUM" instruction, a plundity of 
word stored in sequentially-numbered addresses in mem­
ory are algebraically added together, and their sum is 
thereafter stored in a predetermined address in memory as 
specified by the contents of section 2 of the instruction 
register_ 

Listed below in somewhat tabular form, and also graph­
ically illustrated by the flow diagram of FIG. l07K, 
is a step-by-step description of the various previously-de­
scribed subinstructions to which the computer is sequen­
tially responsive in executing a "SUM" instruction: 

GO ister is incremented by a count of "1," and thereafter a 
second "RAD" subcommand is executed. As a result, 
the word stored in memory at the second address now 
specified by the incremented contents of section 3 of the 
instruction register is also algebraically added to the 

65 word stored in address-A. If it is now assumed that the 
contents of section 3 of the instruction register, after 
being incremented, is equal to the contents of section 4 
thereof, line (134)' is rendered TRUE, thus indicating 
that there are no other words in memory to be added 

70 to the word in address-A. 
Therefore, when line AN is rendered FALSE upon 

completion of the execution of the second "RAD" sub­
command, the state of flipflop 6097 is reversed, and line 
RAD is thereby rendered FALSE. When line RAD is 

75 thus rendered FALSE, the state of flipflop 6077 is re-
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versed, so that line AM is thereby rendered TRUE, 
which, in turn, renders line TS2 likewise TRUE. In re­
sponse to lines AI\1 nnd TS2 being rendered TRUE, an 
"AM" word-cycle is thereafter executed, whereby tlIe 
word in address-A is copied into memory at the address () 
specified by section 2 of the instruction register. 

TRUE in the manner previously described with respect 
to FIG. 56, and, as a result, an "APN" instruction is 
thercJ.f(cr executed in the following manner: 

\Vith reference to FIG. 100, wherein there is iilustrated 
a logic~ll diagram of the particular portions of the com­
pu:er circuitry utilized in executing an "APN" instruction, 
when line MIN is rendered FALSE upon completion of 
the previmiSly-initiated "_M1" word-cycle, the states of 
fiipflops 6G91 and 60gS are simultaneously reversed, 

Upon completion of the "AM" word-cycle operation, 
the state of line AM is rendered FALSE by a reversal 
of state of flipflop 6077. \Vhen line AM is thus ren­
dered FALSE, the state of flipflop 6107 is reversed, and 
line STD is thereby rendered TRUE; line STD, thus 
being rendered TRUE, likewise renders line TS5 TRUE. 
In response to lines STD and TS5 being rendered TRUE, 
a "STD" sub instruction is thereafter eAeclItcd, whereby 
the contents of section 5 of the instruction register is 
copied into the word·selecting register, thus terminating 
the sequence of operations executed in response to a 
"SUM" instruction. 

81. Detailed Description of APN Instructions 

In executing a single "APN" instruction, a plurality 
of pairs of words are algebraically added together, and 
their sums are thereafter stored in consecutively-num­
bered addresses in memory. For example, if the "APN" 
instruction is directed toward the four words stored in 
memory addresses 11 through 14, so that "11" is stored 
in section 3 and "14" is stored in section 4 of the in­
struction register, the word stored in address-II is alge­
braically added to the word stored in address-I4, and 
their sum is thereafter stored in address-I4. Thereafter, 
sections 3 and 4 of the instruction register are respec­
tively incremented and decremented, after which the 
word stored in address-I2 is algebraically ndded to the 
word stored in address-13, and their sum is thereafter 
stored in address-13. 

Listed below in somewhat tabular form, nnd nlso 
graphically illustrated by the flow diagram of FIG. l07L, 
is a step-by-step description of the various previously­
described subinstructions to which the computer is se­
quentially responsive in executing an "APN" ins'ruction: 

Step Su bimltruc­
tions 

Description 

1----------------------

10 whereby lines rv1A and JHR are respectively rendered 
TRUE th;:rcby. When line JHR is thus rendered TRUE, 
line RLR is likewise rendered TRUE. However, at TIME­
t ufter line JHR is rendered TRUE, the state of flipflop 
60S!) is again reversed, so that lines JHR and RLR are 

15 both rendered FALSE thereby. As a result of line RLR 
thus experiencing a TRUE-to-FALSE reversal of state, 
the R·counter is preset to a count corresponding to the 
value of the low-order digLt of section 2 of the instruc­
tion register in the same manner as previously described 

20 with rCi;pect to FIG. 6S. As is evident, the count of the 
R-collnter is thereafter indicative of the number of word­
pairs to be added. As line TS4 is likewise rendered TRUE 
,vhen line MA is initially rendered TRUE, a "MA" word­
cycle is thereafter executed, whereby the word stored in 

23 memory at the address specified by section 4 of the in­
struction register is read out and thereafter stored in 
address-A. 

Upon completion of the "MA" word-cycle, the state 
of flipllop 6091 is again reversed, and line MA is thereby 

30 rendered FALSE. When ,}ine MA is thus rendered 
FALSE, the state of flipflop 6097 is reversed, and line 
RAD is thereby rendered TRUE, which, in turn, renders 
line TS3 likewise TRUE. In response to lines RAD and 
TS3 thus being rendered TRUE, a "RAD" subcommand 

".) is thereafter executed, whereby the word stored in memory 
at the address specified by section 3 of the instruction 
register is added to the word stored in address-A. Upon 
completion of the "RAD" subcommand, the state of 
flipflop 6097 is again reversed, and line RAD is thereby 

"J() rendered FALSE. However, just prior to completion 
of the previously-initiated "RAD" subcommz·,nd, line DR 
experiences a TRUE-to-FALSE reversal of state and 
thereby causes the R-counter to be decremented by a 
count of "1." 

1 ______ l\U-G-2 _______ _ 
c~;;~r~~~~OIih~T~~ft~r~rt~~n i;c~;~~~l~r;.!l~t nfl~~ 45 When line RAD is rendered FALSE, the state of flip-

flop 6077 is reversed, so that line AM is thereby rendered 
TRUE. Line AiV1, being rendered TRUE, likewise ren­
ders line T54 TRUE. Thus, in response to lines AM and 
TS4 being rendered TRUE, an "AM" word-cycle is there-

2 ______ RLH-o-3 __ .. __ 

3 .. ____ Jl.lA-4-4 ______ _ 

4 ______ HAD-3-5 ___ .. 

5 ______ A,',1-4-1L .. _._ 

6 _____ • Dl1-0-7 ______ _ 

~ 1 _____ _ R-8-10 _______ _ 

8 ______ IN,j-O-D ______ . 

D ______ DE2-o-3 ___ .. _ 

lO_~ ___ S'rD-5-'" _____ _ 

addrc~s specifind by the content.s of the \vonl­
s('ll'cting wgistcr; thereafter, if tilt· contrn t,~ of 
~('~tiOIl 1 of the instrurtion rer;d.,;;tpr is" 11," go 
to Step 2 of tll0, followin~ suhprogrnm. 

Preset the COWlt ofthe l?-count,cr to correspond 
to thl' low-orell'r digit of section 2 of the 
instruetion n'p:i~,tN; tl:Jef('rtfter, g-o t,o St.Pp a. 

Copy into addref,s-A t1H~ word from tllj! uddT(\~.s 
in memory as :::pccified by t110 contc'nL" of 
sN:tion 4 of tlH-', in;c;truetion fegj-.:t!'r, and, 
silTLult~ull'oI181y tlwrnwitlJ, copy ti,e \vord 1 

di:;:U by digit, inEU the "J" di?it-r('gi~ter; 
thl'fl'llftt'f, go to St,'P 4-, 

Add to tIl(' word stand in nrVln.'!:s .. A thr· vlord 
ston.'(l in IPcmory at tIll' ,~r1drep.s spedfll'd hy 
s\..'l'tion 3 of the instruction n'~I0ter; tllcrl'n[kT, 
~o to Stt,p 5. 

Copy the word .stoTeo. in udrJrcfR-A ill10 Jrlern~ 
ory at th{~ ndilnlss spcl'ified 1,y the ('o11tellts of 
scetion 4 of thc instruction reg'ist('r; thr:re­
aftpr, go to Step 6. 

Decrement the H-countcr; them"f!cr, go to 
Step 7. 

If tho R-conntcf is at n ('aunt of HO/' go to St€"p 
10; othpf',\"iso, go to .~tep 8. 

Inncll1._ent section J of tlJe- instrud:ioll register; 
tlwrenfter, go to Step 9. 

DC{,fl'ment scc,tion 4 or the instruction f('gister; 
tilt're:1ftl'f, go to St(;P 3. 

COpy the ('f)Jlt!'nt~ or~;('ctilm 5 of 111(1 in~trl1ction 
fC'g-istl"r into tlw wonl~;::L'lt'cting· n;,"h·:jrr. 

Upon completion of the execution of the previutlsly 
initiated "M[" word-cycle, during which time the next 
instruction word is read out from the particular addre'is 
in memory specified by the contents of the word-selecting 
register and stored in the instruction register, if th~ con­
tents of section 1 of the instruction regis,ter th~rc::flcr 
corresponds to the code designation for 2n "Al':-J" in­
struction (i.e., "II"), the state of line APN is rend·;rCl! 

50 after executed whereby the word in address-A is s,tored 
in memory at the address specified by section 4 of the 
instruction register. Upon completion of the "Ai'vt" word­
cycle, the state of flipflop 6077 is again reversed, so that 
line AI'\'1 is thereby rendered FALSE. When line AM is 

55 thus rendered FALSE, lines lN4 and DE2 are likewise 
rendered FALSE. Consequently, sections 3 and 4 of the 
instruction register are respectively incremented and dec­
remented by a cOllnt of "1." 

If, after being decremented, the R-counter is nt a 
60 count other than "0," indicating that there me additional 

word-pairs to be added, the state of flipflop 6091 is again 
reversed when line AM is subsequently rendered FALSE, 
and, as a resuit, line MA is again rendered TRUE for 
the second time. Thereafter, the above-described se-

65 qtlence of events is sequentially repeated until the R­
counter is decremented to a count of "0," indicating that 
there are no other word-pairs to be added. When the R­
counter reaches a count of "0," so that line R.p is ren­
dered TRUE, the state of flipflop 6107 is reversed when 

70 line AM is subsequently rendered FALSE and line SID 
is thereby rendered TRUE. Line STD, being rendered 
TRUE, likewise renders line TS5 TRUE. Thus, in re­
sponse to lines STD and TS5 being rendered TRUE, a 
"STD" subinstruclion is thereafter executed, whereby the 

75 contents of section 5 of the instru'~tion register is copied 
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into the word-selecting register, thus .terminating the se­
quence of operations exc(:uted in response to initi::ttion 
of an "APN" instruction. 

82. Detailed Description of MUS Ilistructiolls 

The subprogram for a "multiply-and-shift" instruction 
essentially comprises five distinct steps or phases. Dur­
ireg the first phase, the algebraic signs of the multiplier 
and of the multiplicand arc determined, and the uncom­
plemented absolute values of the two factors are thereafter 
derived and stored back in memory at the original ad­
dresses thereof. The second phase of the "MUS" sub­
program is concerned with the actual multiplication of 

5 

10 

the two factors. During the multiplication phase, the 
ten-decimal-digit multiplicand is multiplied by the ten- IJ 
decimal-digit multiplier, and a twenty-decimal-digit prod-
uct is derived therefrom. As previously de~ribed in de­
tail, a multiplication mathematical operation is carried 
out by the present computer by the process of repeated 
additions. That is, the multiplicand is e~sentially adckd 
to a twenty-digit product accumulator by the numher of 
times specified by the value of the first-order multiplier 
digit, the product accumulator initially having been pr,;set 
to zero. Thereafter, the thus-derived product is effec­
tively shitted ,within the accumulator by one digital posi­
tion to the right, and the multiplicand is again added 
to the thus-derived product by the number of times speci­
fied by the value of the second-order multiplier digit. The 
product is again shifted one digital position to the right, 
and successive additions with respect to the third-order 
muUiplier digit are thereafter effected, and, so on, with 
respect to the remaining higher-order multiplier digits. 
Thus, upon completion of the multiplication operation, a 
twenty-decimal-digit product appears in the product ac­
cumulator, which essentially comprises addresses A and 
B operatively connected end to end_ 

During the third phase of the subprogram, the twenty­
digit product is shifted in the direction and by the number 
of digital positions indicated by the contents of section 2 
of the 'instmction register. The fourth phase of the sub­
program is concerned with the copying of the ten low­
order digits of the twenty-digit product back in memory 
at the address specified by section 4 of the instmction 
register. Due to the fact that the absolute value of the 
product is stored in memory at this particular time, the 
fifth and final phase of the subprogram is concerned with 
determining the algebraic sign of the product and there­
after complementing the product in the event its algebraic 
sign is negative; however, in the event the sign of the prod· 
uct is ,positive, the product is not complemented. 

Listed below in somewhat tabular form, and also graph­
ically illustrated by the flow diagram of FIG. I07N, is a 
step-by-step description of the various previously-described 
subinstmctions to which the computer is sequentially re­
sponsive in executing a "MUS" instruction. 

Step SuUin,truc­
tiOllS 

L _____ :"II-(}-L _____ _ 

2 ______ rF</>--()-3 _____ _ 

3 ______ rR4>-()-L ____ _ 

4 ______ MA-3-5 ______ _ 

5 ______ OBM(4)-0-fJ 

6 ______ OBl\I(2)-7-S __ 

Description 

Copy into tho instrnction r('~i;.:tcr the TIC ''; t 
instruction .. vonl ston:d in Il·('nlory at tlli' 
addn'ss :;p(l(·ifh.:tl hy t hp rontt'll t~ of t'lw v.'ord­
Fe1I..'t'tin.~ rt';Ti~t(lr; thereaf/.Z"r, if the cont('nt~ of 
:-::m:ti0!11 of the instruction rcgis1l'r j-: "]3," 
g-o to 8teIl 2 in t.he' follovi'inr.; sl1Lpr(;~mm. 

Pfl\S\?t tho .F-(,OHIltl'f to "0"; thcrt'ai'tt'r, go to 
Step 3. 

Pn'set the R-connter to 100"; thcrraftcr, f-O to 
St"" 4. 

Copy the \'w'Ord from n-:e~n()ry into addrc~~s-A 
and~ ~L!lultaneou~ly th('!('witlJ, coP;;'- t,l,(1 
waffl di;?it by di';it into thE' IOJIJ db:dt-n"'Lr:-i(~t('·r. 
the fuldrcss of Uw word in rnrn'ory I.win~ 
SPt:'eifiNi by suction;-3 of the- instrnctiun rc;rjs­
t!C'r; the[('aitcr, g-o to Slt'p ,~. 

Preset 1.1le stat.e of lino OBl\.J t.o corre~Tlond to 
algebraic si,fTn of tllc '''-Oftl ju~t read frOlli 111\.:111· 
ory thereaftC'r, go to 81rp 6. 

If the st'lte of line OB:'1 is THUE, gO to Stc" 

20 

''-~;) 

30 

~5 

40 

45 

50 

55 

60 

65 

70 

Step 

I 
8ul,in::;trnc-

tion~ 

8 ______ Cll-O-9 
9 ______ AM-n-10 

10 _____ RS-U-15 ______ 

1L ____ PRS-O-U _____ 

I 

202 

De,cription 

Clr~r n<ldrc",-ll thereafter, gO to Step 9. 
C011Y the ,"-ord :;;tored in adc1ref's-A into m{'m~ 

ory at Ow address specified by section n of 
tho in"truction f('g'i:;:tcr, un" being a "3" if 
thr H-connter is at a count of HO," nnd being 
fL u4·" if t.he R-connler is at. a count of 1<8" 
therea'[ter, go to R1('pl0. 

If 1110 R--{'onntC'r 1"i at. ft ('ount of "8," go to Stop 
15 otIWfWic:,(', go to Step 11. 

Prc;;,:pt 1he R-connter to liB" thereafter, go to 
8t{;p 1~. 

12 _____ l\IA-4-13 ______ , Copy the word from melllory into address-A 
and. simu1taI1rOllsiy therewith, copy the 
word digit by digitinto the liJ" digit· register , 
t he address of the \vord in memory bein g 
spel'ificd hy section 4 of the instruction regis­
ter; thereafter, ~o to Step 13. 

13 _____ OBN(4)-0-H __ Pre_,et the state of line OBN TRUE if Lhe alge-

1L ____ 

15 _____ 
IG _____ 

17 _____ 

18 _____ 

19 _____ 

20 _____ 

2L ____ 

22 _____ 

23 _____ 

2'- ____ 

25 _____ 

26 _____ 

27 _____ 

28 _____ 

29 _____ 

30 _____ 

3L ____ 

32 _____ 

33 _____ 

34 _____ 

35. ____ 

30 _____ 

37 _____ 

38 _____ 

39 _____ 

40 _____ 

4L ____ 

42 _____ 

4-L ___ 

44 _____ 

45 _____ 

46 _____ 

47 _____ 

JD-8-L _______ 

('A (l)-O-lL __ 
l'Uq,-O-17 _____ 

AD(1)-0-18 ___ 

IFD-20-19 ____ 

RLM-3-20 ____ 

D9-,J7-2L _____ 

Rq,-22-2L ____ 

RAD-4-23 ____ 

DR-{)-2L ____ 

SA(2)-{)-25 ____ 

SB(2)-{)--2tL __ 

AF-{)-2L _____ 

1'1</>-17-28 _____ 

HLlt-{)-2L ___ 

H¢-30-4L ____ 

H2-31-33 ______ 

H3-32-35 ______ 

1I4-{)-3fi _______ 

SA(1)-O-3L __ 

SB(l)-{)-!O ____ 

R1-3G-38 ______ 

8A{2~1-0-37 ____ 

SB(3)-O-40 ____ 

DAD-0-39 ____ 

ARO-0,3" _____ 

DR-O-2D ______ 

OBTl(2)-
42-13 

01' c.I-3-43 

B:\1-i-4L ____ 

PRS-0-,15 _____ 

OBN(l)-
40-,17 

OP:-t-4-H ____ 

Sl'])-5-* ______ 

lmlk Sif!:l1 of the word JURt read (rom ll1emory 
corresponds to the state of line OHM; olher­
wh', preset the statc of line OBN FALSE; 
therl'aft"r, go to Sten 14. 

If 1,11(' divit :-.toreJ in the I'J" digit-rpg-ister is 8 
"9." go to Sirp 7; othen'i'3(\_ go to -Rtep 8. 

(,Ie~r au(in'ss-A; (.]H'reclfter. to to Step 16. 
Preset the H-counter to "0"; (hereafter, go (0 

Step 17. 
Increment the digit-counter; tlwrcafter, go to 

Step 18. 
If the <li~it stored in the F-connler is equal to 

the digit c,tnred in the digit-counter, go to 
Rto)} If); oth('rwi'~f', gO to Step ~O. 

l)n"s.et 1he R-{,ol1n1~'r to a count corresponding 
tD the vI11uc of the digit v,:ho.::c digi1:l1 order 
i~ snecificd by tho F-conntrr and whose 
fHlrlre::,s in mrmory i~ s!\('eifird by sertion 3 
of the Instruction register; ttlt'rcaftcr, go to 
Ste]l20, 

If the digit.-countrr i~ at a ('ount of HD," go to 
SteLl 21; ot.hcr\Vi~('. eo to St(\P 17. 

If tho H-countpr i1'l at a ('ount of 00", go to 
Str'p 2>1; otlwrwi:"l', !IO to 8trp 22_ 

Add to the word storcu in adurcss-A th~ word 
stOTl'U in memory at. the address :"perified by 
section 4 of j he in~t rw::t ion r('gistf'r; tlWrt.'ufl.er, 
go to Step ~3. 

Dem'TIlent tho H-countcr; thereafter, go to 
Step 21. 

Shift. the word of uddress-A one place to the 
rivht; thereafter, go to 8t:qJ 25. 

Shift the word of address-TI onr pJace to the 
righl; thrreaftPT, go to Stcp 20. 

IIl-C'rern('nt 1be ~'-countcr; the-reuf:er, go to 
8trl) '27. 

If the F-cnuntrr is at a, ('ount of HI0," go to 
Step ?R; otlwrv,:i:;c, go to Step 17. 

Pre,,('t the R-('nun1cr to a count corresponding 
to thr low-of(ler digit of :"C'ction 2 of the in­
struct ion rc~i~ trr; thereafter, go to ~,t(,P 29. 

H The R-COU1ll{"'Lr is at a (,Ol1nt of "0'1 go to 
Step 4]; ot.herwi~e. go to Rtt'p ~iO. 

HOw hip:h-ordf<r digit of~ec1io112 ofthe ins-i.rue· 
til1l1 n~!!btfr j,-, a. "2/' go to Step 33; otherwise, 
go to bt+.'p 31. 

If Ill" hi,Oh-ordprtli~it of section 2 of the instruc­
linn Tep:t"'tcr i~ a "3/' go to Step 3t); othcrwi~~e, 
go to St;>p 32. 

If I he hi~h-order digit of ,cction 2 of the instme­
I inn l'l'gistrf i"- a i'~," go to St('1> 36. 

ShirL ,he word of adllrc,"-A one plaC(' to the 
left; l1H'r('aftrr, go to Step 34. 

Shift the word of aclrln'ss-B one pineo to the 
left; thereafter, go to Rtep 40. 

If tllt' n_-cftunh'r is at a Cl1lUlt o( "1,'1 go to 
.c..rt'p 3~; ojhen\i~'t', go to Stt'P 3u. 

.shift 011' ,o".'unL of adtlress-A on{' plarc to the 
ri>:hr; therl':1ft('r, go to 81l:p 37. 

Shift tlw word of nddro~~,-B on(' place to the 
rj~ht; tlH'T{'arl('r, go to .Step 40. 

A(1<l (lw roml ant (JooOOCOa05 to the word ,torcd 
in a.d<lrt's~·-B; lh('rC'aftrr, to g-o to StC'p 39. 

Ad(l a word of 8.L1 z('ros to address-A; there· 
after, go to Ft<'p 30. 

DC('f('1TICllt the H-countcr; thereafter, go to 
8t('p 2!J. 

If the ,late of line all]\[ is THUE, go to Step 
,13; otherwi"e. go to Str]) ,12. 

Compll·nwnt 1he. word ;:-toreu in nwnlory at 
tho ~Hhln\"s srcf'ifit'd by .-:cc-tion 3 of 1he in­
~trucjbn rcgish.'r; thereafter, 170 to Step 43. 

Copy tlie \Yorrl of :1dllrpss-B into mcmory at 
the ::uldress '"lJNiGcd by :'=cction 4 of the in­
struction l'\:gbtcr; thl'r!:aftC'r, go to ~1tpp 44. 

Pre ct t.ho H.-counter to u count of "8 H
; th('rr~ 

after, go t.o ,slep 4,'1. 
If tho't:l!e o( line OB:-I is TRUE, go to Step 

47; o1henvi,'e, go to Step 4fi. 
Complc'llH'nt the v,.-md ~tort'd in mClnory at 

tll(1 atldre:;s flpecifirci hy ~('(·tion 4 of the ill· 
struc,t.ion rcgistt'r; lhrn'after, go to Step 4i. 

Copy 1.1)(' C"011tl'nl1' of ~,('C'tion 5 of the in~truetion 
rl'gi,tC'r into the wonl-~:clctting register. 

7 ______ CPA-0-8 _____ _ 
R otherwi<c, gO to Step 7. . 

Complement tho word in address-A thereafter, 
gO to ~tell 8. 

Upon completion of the execution of the previously 
75 initiated "MI" word-cycle, during which time the next in-
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struction word is read out from the particular address 
in memory specified by the contents of the word-selecting 
register and stored in the instruction reGister, if the con­
tents of section 1 of the instruction register thereafter 
corresponds to the code designation for a "MUS" in- 5 
struction (i.e., "13"), the state of line MUS is rendered 
TRUE in the manner previously described with respect 

event, in response to line CB thus being rendered TRUE, 
a "CD" word-cycle is thereafter executed, whereby a word 
of all zeros is stored in address-B. Upon completion of 
tbe "CIl" word-cycle, tlie state of flipflop 6081 is again 
reversed, so that line CB is thereby rendered FALSE. 

\Vith reference to FIG. l02A, in response to line cn 
thus being rendered FALSE, the st~te of flipflop {j077 
is reversed, and line AM is rendered TRUE thereby. 
Line Ar>.'l being rendered TRUE likewise renders line 

to FIG. 56, and, as a result, a "MUS" instruction is there­
after executed in the following manner: 

With reference to FIGS. 102A through l02C, there is 
illustrated therein a composite logical diagram of various 
portions of the computer circuitry utilized in executing a 
"MUS" instruction. With particular rcference to FIG. 
102B, at TIME-l after line .MI is rendered TRUE at the 
beginning of the previously-initiated "M1" word-cycle, the 
states of flipflops 6095 and 6096 are reversed, so that 
lines OBM and OBN, if not already FALSE, are respec­
tively rendered FALSE thereby. Upon completion of the 
previously-initiated "MI" word-cycle, line PF¢ experiences 
a TRUE-to-FALSE reversal of state when line ivUN is 
rendered TRUE. Consequently, when line PF¢ is thus 
rendered FALSE, the F-CGunter is thereby caused to be 
preset to "0." Also as a result of line MIN thus being 
rendered FALSE, the state of flipflop 6091 is reversed, 
so that line MA is thereby rendered TRUE. With refer­
ence ,to FIG. 79, the state of flipflop 6107 is reversed at 
the beginning of the previously-initiated "MI" word-cycle 
when line (Ml)' is thus rendered FALSE, so that line STD 
is rendered FALSE thereby. With reference back to FlG. 
l02C, when line STD is thus rendered FALSE, line PR¢ 
is likewise rendered FALSE, so that the R-counter is 
thereby caused to be preset to "0." 

With reference to FIG. lO2A, as the R-counter is now 

10 TS3 TRUE. Conscquent!y, in reopome to lines All'! 
and TS3 bdr.g rendered TRUE, an "AM" word-cycle is 
thereafter cxecuted, whereby the absolute value of the 
multiplier word stored in address-A is read out and 
stored in memory at the address specified by the eon-

IJ tcnts of section 3 of the instruction register. Upon com­
pletion of the "AI\1" word-cycle, the state of flipflop 6077 
is a::;ain reversed, so that line AM is rendered FALSE 
thereby. As shovm in FIG. 102B, line PRS is also ren­
dered FALSE as a result of line AM thus being rendered 

20 FALSE. Line PRS thus being rendered FALSE causes 
the R-countcr to be preset to a count of "8." Also, 
\vhen line Ai'>'! is thus rendered FALSE, the stilte of 
flipflop 6091 is agnin reversed, so that lin~ l\'IA is rendered 
TRUE for the second time. However, as the R-countel' 

25 is GO'N at a count of "8," so that line R8 is TRUE, line 
TS4 (FIG. l02C) is likewise rendered TRUE \vhen line 
j,IA is rendered TRUE. In response to lines ttA and 
TS4 thus being rendered TRUE, a second "MA" word­
cycle is there8fier exccuted, whereby the multiplicand 

30 word stored in memory at the address specified by the 
contents of section 4 of the instruction register is read 
out and ;;tored in address-A. Simultaneously therewith, 
the multiplicand word just read out from memory is 
copied digit by digit into the "I" digit-rcgiskr. 

Upon completion of the second "MA" word-cycle, 
the state of flipflop 6091 (FIG. 102B) is again reversed, 
so that line MA is rendered FALSE thereby. If, upon 
completion of the execution of the second "MA" word­
cycle, the algehraic sign of the multiplicand word just 

at a count of "0," so that line R<I> is TRUE, line TS3 is 
likewise rendered TRUE when line MA is initially ren- 0.) 
dered TRUE. As a result of lines MA and TS3 being 
rendered TRUE, a first "fvfA" word-cycle is thereafter 
executed, whereby the multiplier word stored in the ad­
dress in memory specified by the contents of section 3 

-Jil read out from memory (as ind icated by a TRUE st<:tc of 
line J9 if negative and a TRUE st~"e of line (J9)' if 
posilive) corresponds to the algebraic sign of the mul­
tiplier word (as indicated by a TRUE state of line OEM 
if positive and a TRUE state of line (ORM)'), the state 
of flipflop 6096 is reversed, so that line OBN is rend~red 

of ,the instruction register is read out and stored in addrcss­
A. Simultaneously therewith, the multiplier word just 
read out from memory is copied digit by digit into the 
"J" digit.register. Upon completion of the "MA" word­
cycle, the state of flipflop 6091 (FIG. 102B) is again 
reversed, so that line MA is rendered FALSE thereby. 
If, upon completion of the just-executed "MA" word­
cycle, the algebraic sign of the multiplier word just read 
from memory is negative, so that the tenth-order digit 
thereof stored in the "J" digit-register is a "9," the stute 

45 TRUE, indicating that the algebraic sign of the prodtlct 
is positive. However, if such correspondence does not 
exist, the state of line OBN remains FALSE, indicating 
that the algebraic sign of the product of the two factors 

of line OBM remains FALSE. Howeve,r, if the tmth- iJO 
order digit stored in the "J" digit-register has a value 
other than "9," the state of flipflop 6095 is reversed upon 
completion of the "MA" word-cycle, and line OBl'I,1 is 
thereby rendered TRUE. Thus, it is evident, the state 

is negative. 
In addition, if the algebraic sign of the multiplicand is 

negative, so th~t line 19 is rendered TRUE, the state of 
flipflop 60S3 is reversed upon completion of the previous­
ly initiated "MA" word-cycle, and line CPA is thereby 
rendered TRUE. As previously described, when line 

of line OBM is rendered TRUE if the algebraic sign of 
the multiplier word is positive and is rendered FALSE if 
the algebraic sign of the multiplier word is negative. 

If the algebraic sign of the multiplier word just read 
from memory is negative, so that line J9 is rendered 
TRUE, the state of flipflop 6083 is reversed upon com­
pletion od' the previously-initiated "MA" word-cycle, and 
line CPA is thereby rendered TRUE. As previollsly de­
scribed, when line CPA is rendered TRUE, a "CPA" sub­
command is ,thereafter executed, wher,eby the multiplier 
word stored ~n address-A is first read out and comple­
mented, and, thereafter, the absolute negative value there­
of is stored back in address-A. Upon completion of the 
"CPA" subcomm:11ld, the state of flipflop 6083 is ag,lin 
reversed, and line CPA is thereby rendered FALSE. It 
is to be noted that the state of flipflop 6081 is reversed 
and line CB thereby rendered TRUE, either upon com­
pletion of the first "MA" word-cycle if the algebraic sign 
of the multiplier word is positive, or upon completion of 
the SUbsequently-initiated "CPA" subcommand if the 
algebraic sign of the multiplier word is negative. In either 

;:;5 CPA is rendered TRUE, a "CPA" subcommand is there­
after executed, whereby the word stored in address-A 
is read out and complemented, and, therc::fter, the ab­
solute negative value thereof is stored back in addrcss-A. 
Upon completion of the "CPA" subcommand, the stale 

60 of flipflop 6(183 is again reversed, and line CPA is therehv 
rendered FALSE. It is again to be noted that the state 
of flipflop 6GSI is reversed and line CB thereby rendered 
TRUE, either upon completion of the second "lvfA" 
word-cycle if the algebraic sign of the multiplicand is 

65 positive, or upon completion of the "CPA" subcommand 
if the alegbraic sign of the multiplicand is negative. In 
either event, in response to line CB thus bein~ rendered 
TRUE, a "CD" word-cycle is thereafter eAecul~d, where­
by a word of all zerm is stored in address-B. Upon 

70 completion of the just-initiated word-cycle "CB", the 
state of flipflop 6081 is ag?in reversed, so that line CB 
is thereby rendered FALSE. With reference to FIG. 
I02A, when line CB i3 thus rendered FALSE, the state 
of flipflop 6077 is revef~cJ, and line AM is rendered 

75 TRUE thereby for the second time. When line AM is 
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rendered TRUE, line TS4 (FIG. l02C) is likewise ren­
dered TRUE. Consequently, in response to lines AM 
,md TS4 being rendered TR VE, an "AM" word-cycle is 
thereafter executed, whereby the word in address-A is 
stored in memory at the address specified by the contents 
of section 4 of the instruction register. Upon comple­
tion of the "AM" word-cycle, the state of flipflop 6077 
is again reversed, so that line Arvr is rendered FALSE 
thereby. 

The steps of the subprogram to this point have been 
concerned with determining the algebraic signs of the 
multiplicand and the multiplier, conditioning the state 
of line OBN to be indicative of the algebraic sign of the 
product of the two factors, complementing either or 
both of the factors if the algebraic sign of either or both 
is negative, and thereafter returning the absolute value 
of the two factors to their original addresses in memory. 

With reference now to PIG. l02A, after the absolute 
value of the multiplicand is stored in memory at the ad­
dress specified by the contents of section 4 of the instruc­
ti'On register, via the previously-initiated "AM" word­
cycle, the state of flipflop 6080 is reversed when line A~! 
is thus rendered FALSE for the second time, due to the 
fact that the R-counter is now at a count of "8," as in­
dicated by a TRUE state of line R8. When the state of 
flipflop 6030 is reversed and line CA is rendered TRUE 
thereby. In response to line CA being rendered TRUE, 
a "CA" word-cycle is thereafter executed, whereby a 
word of all zeros is again stored in address-A. There­
after, the state of flipflop 6080 is again reversed, and line 

206 
of the instruction register and is added to the partial 
product stored in address-A. After the second "RAD" 
subcomm~lfld is completed, the R-counter is again de­
cremented by a count of "1," and, if, after being de-

o cremented for the second time, the R-counter is still at a 
count other than "0," a third "RAD" subcommand is 
thereafter executed, and so on. 

However, when the R-counter has been decremented 
to a count of "0," so that line R¢ is rendered TRUE 

10 thereby, indicating that the partial product with respect 
to the first-order digit of the multiplier word has been 
derived and stored in address-A, the state of flipflop 6097 
(FIG. 102A) is again reversed, so that line RAD is 
rendered FALSE thereby. As a result of Hne RAD thus 

15 being rendered FALSE, the state of flipflop 6101 is re­
versed, so that line SA is thereby rendered TRUE. In 
response to line SA thus being rendered TRUE, a "SA" 
subcommand is thereafter executed, whereby the partial 
product now stored in address-A is shifted to the right 

20 by one digital position in the same manner as previously 
described in detail. Upon completion of the previously­
initiated "SA" subcommand, the state of flipflop 6101 is 
again reversed, so that line SA is rendered FALSE there­
by. When line SA is thus rendered FALSE, the state of 

25 flipflop 6103 is reversed, so that line SB is thereby ren­
dered TRUE. In response to line "SB" being rendered 
TRUE, a "SB" subcommand is thereafter exeouted, 
whereby the word stored in address-B is shifted to the 
right by one digital position, with the original first-order 

30 digit of the word in address-A being stored in the tenth­
order digital position of address-B. Upon completion of 
the just-initiated "SB" subcommand, the state of flipflop 
6103 is again reversed, so that line SB is rendered FALSE 

CA is rendered FALSE. As a result of line CA thus 
being rendered FALSE, the state of flipflop 6066 is 
reversed, so that line MJ is rendered TRUE thereby. 
Substantially coincidentally therewith, line PR¢ (FIG. 
W2C) experiences a TRUE-to-FALSE reversal of state 35 
and therehy causes the R-counter to be preset to "0." 

thereby. 
With reference to FIG. 102C, just prior to the comple­

tion of the previously-initiated "SB" subcommand, line 
AF experiences a TRUE-to-FALSE reversal of stntc when 
line EG is rendered FALSE; consequently, the F-counter 
is incremented from a connt of "0" to a count of "1." 

When line MJ is thus rendered TRUE, line TS3 (FIG. 
102A) is likewise rendered TRUE. ConsC"quently, in 
response to lines M1 and TS3 being rendered TRUE, 
a "MJ" word-cycle is thereafter executed, whereby the 
multiplier stored in memory at the address specified by 
section 3 of the instruction register is read out and the 
first-order digit thereof is stored in the R-counter. 

The reason that only the first-order multiplier digit 
is stored in the R-countcr via the previously initiated 
"MJ" word-cycle is that the F-counter was initially pre­
set to zero, and thus line RLM is TRUE only during that 
time the count of the digit-counter is also equal to zero. 
Otherwise, line (IFD)', hence line RLM, remains FALSE. 
As previously described in detail, a digit is stored in the 
"J" digit-register from memory only when line RLM 
is TRUE. After the first-order digit of the multiplier 
is stored in the R-counter, the state of flipflop 6066 (FIG. 
102A) is again reversed, so that line MJ is rendered 
FALSE thereby. If the first-order mulliplicr digit now 
stored in the R-counter has a value other than "0" as 
indicated by line (R¢ )'bcing TRUE, the s(:.:te of flipflop 
6091 is reversed when line l\fJ is thus rendered FALSE, 
and, as a result, line RAD is rendered TRUE thereby. 
When line RAD is thus rendered TRUE, line TS-1 (FIG. 
102C) is likewise rendered TRUE. 

Consequently, in response to lines RAD and TS4 thus 
being rendered TRUE, a first "RAD" subcommand is 
thereafter executed, whereby the multiplicand stored in 
memory at the address specified by the contents of sec­
tion 4 of the instruction register is read out and added 

40 Thus with reference to FIG. 102A, as the F-counter is at 
a count other than "10," so that line (Fl1»' rem8ins 
TRUE, the state of flip-flop 6C66 is again reversed upon 
completion of the just-initiated "SB" subcommand, so 
that lines MJ and TS3 are both rendered TRUE for the 

45 second time. With reference to FIG. 102C, it is again 
to be noted that, due to the fact that the F-counter is now 
at a count of "1," line (IFD)', hence line RLM, is ren­
dered TRUE only during the time the digit-counter is 
also at a count of "1"; otherwise, line RLM remains 

50 FALSE. As a result of lines MJ and TS3 again being 
rendered TRUE, a second "MJ" digit-cycle is thereafter 
executed, whereby the second-order digit of the multiplier 
word is read out from the address specified by section 3 
of the instruction register and is thereafter stored in the 

55 R-Collnter. Thereafter, a succession of "RAD" SUbCOfl1-
mands is executed, whereby the multiplicand is added to 
the partial product now stored in address-A by the num­
ber of times equal to the digital value of the second-order 
multiplier digit stored in the R-counter. Thereafter, the 

GO twenty-digit word stored in combined addresses A and B 
is shifted to the right by one digital position in the same 
manner as just described. 

The above-de~cribed sequence of events is sequentially 

6
r: repeated until the tenth-order digit of the multiplier is 
v stored in the R-counter, the mUltiplicand is again added 

to the contents of address-A by the number of times to the contents of address-A. Upon completion of the 
first "RAD" subcommand, line DR (FIG. I02C) experi­
ences a TRUE-to-FALSE reversal of state, so that the 
R-counter is decremented by a count of "1." If, after 
being decremented, the R-counter is still at a count other 
than "0," Jines RAD and TS4 remain TRUE, so that a 
second "RAD" subcommand is thereafter executed, 
whereby the multiplicand is again read out from the ad­
dress in memory specified by the contents of section 4 75 

dictated by the digital value of the tenth-order multiplier 
digit, and the twenty-digit product stored in combined 

70 addresses A and B is shifted to the right for the tenth time 
by one digital position. As t!lC ]'<'-C0unter is now at a 
count of "10," as indicated by line FlO being rendered 
TRUE, the multiplication portion of the "MUS" instruc-
tion is now completed. 

During the next phase of the "MUS" instruction, a 
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succession of "SA" and "SB" subcommands is executed, 
whereby the twenty-digit product is shifted either to the 
right or to the left by the number of digital positions 
hdicuteJ by (he contents of section 2 of the instl-uction 
register, p.ll in esscntially the same manner as previously 
described in detail with respect to that portion of the 
precediw; d·~scr,iption entitled "Description of SHF In­
struction" and also with respect to that portion of the 
preceding description rel<1ting to the "SA" and "SI3" sub­
comm8nds. 

With reference to FIG. 102B, if the state of line 
(OEM)' was previously rendered TRUE, indicating that 

10 

the algebraic sign of the multiplier is negative, the stale of 
flipflop 6084 is reversed upon completion of the last "SB" 
subcommand, during which time lines Flq, and Rq, are 15 
both rendered TRUE. Consequently, the state of line 
CPM is rendered TRUE in order to effect complement-

208 
cxccutln2 a "hID])" in~;truction, the cod~ nUffiber "32" 
is effectively utilizcJ during the "shift prod~ict" pha:,'~ of 
tbe subprogram i:1stcad of the number stored in section 2 
of the instruction register, as in the pr(,;viously-dcscri8e·J 
"MUS" instruction. Tn addition, in executing a "NIDD" 
instructio:l, the address in memory of the multiplier is 
specified by the contents of section 2 of the instructiol1 
register instead of section 4, a:, in the ex~cution of the 
previously-described "MUS" instruction. 

Listed below in somewhat tabuiar form, and al;:o 
graphically illustrated by the flow diagram of FIG. 107M, 
is a step-by-step description of the various previously de­
scribed subinstructions to which the computer is sequen­
tially responsive in executing a "MDD" instruction: 

Step Sul)in'ilrllC- I 
tian~ ing of the multiplier stored in memory at the <1ddre'ls 

specifioo by section 3 of the instruction register. How­
ever, if the algebraic sign of the multiplier is positive, ~o ~~= MH-L=I~~~:-i~;:~~-i~'truc~;::-:ghte~~-I: next 

, in..;truct.ion \Yord store(L in Hl':1I1')T.\' at tit:] 
l1ddn'''" "l1',ecil1r,t}by the (·,0nt.'~nt.~ of UI" ~,Yl)n!­
~i'Juct.inl~ regi,"t~r; tiI2n~Jf[('f. if t.f!1! eunh'llts 
of ;Y'clionl of til,,' h'llrudi.on r\';:;i~t\:f i-.: "U," 

the state of line (OBM)' thus being FALSE, a subse­
quently-initiated "CPM" subcammand is prevented. As 
shown in FIG. l02C, the state of flipflop 6lJ79 is reversed 
and line BM thereby rendered TRUE upon completion of 
the last-initiated "SB" subcommand, if the state of line 
0111\,1 is TRUE, indicating that the algebraic sign of the 
multiplier is positive; otherwise, the state of flipflop 6079 
remains unchanged and line BM thereby remains FALSE 
until the Iast-initbted "CP!'.!" subcommand is complctccl. 
However, when line BM is finally rendered TRUE due (0 ;;0 

a reversal of state of flipflop 6079, line TS4 is likewise 
rendered TRUE. 

In response to lines BM and TS4 thus being rendered 
TRUE, a "BM" word-cycle is thereafter executed, where-
by the word is address-B is read out and stored in memory .,,J 
at the address specified by the contents of section 4 of the 
instruction register. Upon completion of the "BM" word­
cycle, the state of flipflop 6079 is again reversed, so that 
line BM is rendered FALSE thereby. With reference to 
FIG. l02B, when line BM is thus rendered FALSE, the -iO 
state of line PR8 is reversed from TRUE to FALSE, thus 
causing the R-countcr to be preset to a count of "R," so 
that line R8 is rendered TRUE thereby. If the state of 
line (OBN)' was previously rendered TRUE, indicating 
that the algebraic sign of the product is negative, the 45 
state of flipflop 6084 is reversed when line 13M is thus 
rendered FALSE, and, as a result, line CPM is rendered 
TRUE thereby. When line CPM is thus rendered TRUE, 
line TS4 (FIG. 102C) is likewise rendered TRUE. Thus, 

~n ,:g~~f,;es~l~~~~~~~~r i:nt~:~~:f~e~n:X~~~~:~~d\~~~;; 50 
the product stored in memory at the address specified 

gO to Stf:jl ~ of the? f\)l!o',\'itl~ "!l:I~lro:.;ram. 
Pre'.;et Uw F-eountt.'r to "0"; tilf"re.lfter. ~!o to 

Stpp 3. 
Pr!'-.:ut. UlC H~coutltc'r tD no"; nvr~~'lft"r, 'p:O to 

;H~q) 4 
4 ______ i\.lA-3-IL_____ Co":'!~~'tIH; nc;xt ".\'orJ from lrWIll'lry itlJo :VlI]C0:;"5-

A. antI, ~inluH~lrH~ou-"lv tl1(!n'\\-ith. co:n; th'~ 
word uigit byui~it. int.o th~ ".1" dj~~it-relii ... tH. 
till' ~l(ldrt";1 of th'_' ncd, wr)r,l ill 
iK'iJl'~ ~~Iedfii'(i bv UlD conkntf' Dr 
of t11D instru-\:t.ioll fi.-'gi ,ter; tht'n..",.llcf, go to 
~)tejj 5. 

5 ______ OB ~r(4)-O~~L- Pre:;et tllp -:::t:tte of liIH~ OB~1 t.o ('o"!'rp'.;noilil to 
the algl~l)t':lk :-;ign of th:_' ~.vonl ju ~t fl·:ld. frollt 

6 ... ___ on Mf~) .. 7-8" 

7" ____ .1 fiPA-O-L .... 

lWml.')ry; nF"n'~liter. t~n to H!.t·,> 6, 
lftbe ~tatp of line OlL\f ir, TRLT E) go to Strp R; 

otlwrwi~~l.'l go to 8te;J 7, 
COrnl>lcl11Pllt the '11'01.'11 ;-;torcd in alldn',3:i-;\; 

thereaftt'r. go t() St.e.) 8. 
8 ______ en -O-fL ______ Ckelf fhidre,;;-;··B; UJen.'~tftt'r. go to i,!pp 9. 
9______ A:'If-n-lO___ ___ C()~)y the word stored ill [ludrl'::::s-A int,o mrrnory 

at the acldr('::-~s ~qre("if1('d hy '1Pction II of 1hi~ 
i~l"trlH.'j,ion Tl';~i'itf;'r, "ft" IX'in·'; a ",')" if tlI;~ 
H-{'ol1nt,",r i, :IL n C,)ll11f, of dO", and iwinrz a 
"4" if t1w H-cnuntc" i" 3t a cou.nt of ";>,,"; 
t.lJ:'rcH.~t('r. t:0 to 8,tep IlJ. 

1IJ. ____ RS-l1"l~ _._ If th':.1 R-COllutr,lr i:.:. at ~L ,'oiml of "~", ~o to 

11- .... I'll'i-O-rL .. _ 
.stt~P n; ot.1j(~r~.'d.,p. ~Q /0 :,[('iI 11. 

l're.,\~,t the H-c.QulJter tu "~"; (hC"fC-lHer gD to 
StCT t:!. 

l:_L~ ___ 1 ~IA--2··13____ C·Jj)Y tile next ,"onI fr0m ml~m()ry int,Q :~ddrl's ,-
A, and, simultnllcDn ~ly there ,·;H.h. to;JY tlw 
';..'oni dif!it hy digit into the ",)" dir,it-f('g'l'itl'r, 
the. addre::;s of thQ m~xt ,vord in me1TIory 
Leill~ specified hy nh~ contcnt~ of ..:;eC'tion 2 
of thc' instrnction rc;;i.3ter; therl'~lf!cr. ~o to 
Stc,) 13. 

13 .... 013;-;1(4)-O-jL I'r",et t.he ,talc Df line OBN TRL'E if the 
algebraic sign of t1((', 'vort! ju~t rt',:1.11 frotH 
llH'mory ('orre~ponds to the ~tate of line 
o !L\ll; ot.berwi.-.:e, JH'C':-et tiw ~bk' nf liuc 
OfL',I FALSE; thereLl.H{~r, go to ~~~tep 14. 

14 _____ J9-S~7 _________ If the digit. stored in tIle ".1" dil!it. rt".;i~t('j i<; tl 

"'Y'. go to Stop 7; oUit:!", .. i~:e. !:u tl) :::,ttC';) S, 
CAn)-O-l~l ____ Cle~lr addres~,-.A; nH~rl;,tfter. go to St(';, 10. 
PR¢.-O-17 _____ Pn'''l'L t1w H.-couuter to '~O"; t1H.'reJft.er 1 go to 

17 
SloP!) 17_ 

A D{l)-O-IB_ _ _ lw.:rpnlpnt the (il~jt·coant,-~r; UWTc'.lft,t'f, ~o to 

by the contents of section 4 of the instruction register is 
complemented thereby. Upon completion of the just­
initiated "CPM" subcommand, the state of flipflop 6084 
(FIG. l02B) is again reversed, so that line CPM is 55 18 

rendered FALSE thereby. 

Skp IS. 
H tb(~ rli~lt star,;-Il in th{; 

the d i~~lt ~torcd in UH' 
Step 19; otnt'nvls(', go to 

As shown, the state of flip-flop 6107 is reversed and 
line STD rendered TRUE upon completion of the just­
initiated "BM" subcommand if the state of line OBN i:, 
TRUE, indicating that the algebraic sign of the product is GO 
positive; otherwise, the state of flipflop 6107 is not so 
reversed, and line STD is thereby rendered TRUE until 
the previously-initiated "CPM" subcommand is completed. 
However, when line STD is finally rendered TRUE, line 
TS5 is likewise rendered TRUE. In response to lines 05 
STD and TS5 thus being rendered TRUE, a "STD" sub­
instruction is thereafter executed, whereby the contents 

19 HL:lf-3-20 ____ Sec"" m thc' ({-co,,!,t"r U1:' 
po.~;t~on is sW~(~iflul 11:.' 
\rhost' :}ddn'ss In nwm0ry 
('nllt~·llt..:; of su::t:Dn ;) oj" th"~ ~I~I n",I,:~,_ 
tl'r; then·aJt'.:r\ t~:O to c;t!'l1 :':'J. 

211 _____ D9-17-:2L _____ If (he t1j~~t~torlnt'r is at a lnt Df<lJr " go ta 
St.c-p ~i; oth'..'nv:sl', ~10 to 17. 

2L ____ H~~22--2L----- If CllI' H-l.'ollnt::r is at a .count 'I()," go to Stf.'p 
24; otherwise, flO t,) t'jIJ'P 22, 

HAD-I-2:J Ad_,l til,: wonL sVJrt'il in ITl1'"LlWf,V nt tlH' nildrL's.; 
sp8,..';fie"1 b:,' s1'd_')U 4 rtf th.C' i1l5'-r~1('t:un 
n':~lster t'J the wonl stored ;n arl'lrl'ss~A; 
th,:~reaftr:'r, go t,} Step 'la. 

23 _____ DH.-O-21_____ D\'~Tt·tlll'nt tht' H-couut.:r; Cl("re~lft':r, g0 to 
St"p ~1. 

24 _____ 8A(:2)"-0-:2.3 ____ Sll~n the ·word of ;)ddrl>~s·A pb',c I.,) t~1e 
ri!.!;ht; th~·n':l~t·~'r. ~o to<) Sbp . 

25_ ____ S 13 (~~J--o-2i':' _ _ _ Shift the wor~l u',ld r<"8:3-:~ one tl) the, r .';.'.11t; 
of section 5 of the instruction register is stored in the 
word-selecting register, thus terminating the sequence of 
events initiated in accordance with the "MUS" instruction. 

thl.'r(,~LfV"r, ~o t,:) .':It,~p 2iJ. 
70 2(L ____ Ar'-O-:?7 _______ 1 I~"'·n;nll'nt the F-cm_:mtl'r; thl"'r{;J[tl~r,:;o tD f:~tl'[} 

27 _____ li'1¢-l7-2~_~ __ J If2~;i) F·{~Ol~ntrr is at a {,[)U;lt .of "lO"t ;~0 t'J 
I Stt"P Z~; oth'~f':'i<se, fO to Step 17. 

28___ l'H2-0-2D ____ ~1 rn.'sct the H-count2f t.O:.l CDLlut 0.1 "~"; trWft'-
altpf, '!IJ to Stl~'P :21J, 

2i:L ___ H¢-30-3~,L _____ If the H-·CO~:~ltt .. r is at ro';~t of "v''. go to Step 
~ 3\j; othenv ~se. go t.o JO. 

83. Detailed Description of MDD Illstmctiol1s 

A "MDD" instruction is essentially a special case of 
the just-described "MUS" instruction. For example, in 75 



3,112,394 

Step Subinstruc-
tlom 

30 _____ Rl-31-33. _____ 

3L ___ SA(2)-{)-32. ___ 

32. ____ SD(2)-{)-3L __ 

33. ____ DAD-{)-34. ___ 

M _____ ARO-{)-3L __ . 

35 _____ DR-{)-29 __ . ___ 

36. ____ ODM(2)-37-
38. 37 _____ CPM-3-38. ___ 

38. ____ BM-4-39 .. ___ _ 

39 ____ . PR8-{)-40. __ ._ 

40 _____ OBN(2)-41-
42. 

41... __ CPM-4-42. __ _ 

42_ ____ STD-5-·. __ ... 

209 

Description 

If tbe R-covnter is at a connt of" 1", go to Step 
33; otberwlse, go to Step 31. 

Shift the word 01 address·A one place to the 
right; thereafter, go to Step 32. 

Sbift tbe word of address·B one place to tbe 
right; thereafter, go to Step 35. 

Add the constant 0000000005 to the word stored 
in addressoR; thereafter, go to Step 34. 

Add a word of all zeros to address· A; thermfter, 
go to St.·p 31. 

Decrement the R·counter; thereafter, go to 
Step 29. 

If the state of line on~1 is TRUE, go to Step 
38; otherWIse. go to Step 37. 

Complement the word stored in memory at the 
address specified by tht·, contents of section 3 
of the instruction register; thereafter, go to 
Step 38. 

Copy the word of addft,ss· 13 into memory at 
tbe address specifled by the contents o(sec· 
tion 4 of the instruction register; thereafkr, 
go to Step 39. 

Preset the R-countcr to a count of H8"; there­
after, go to Step 40. 

If the state oflinc onN is TRUE, go to Step 42; 
otberwise, go to Step 41. 

Complement the word stored in memory at the 
address specified by the eOlltNlts of sec-Lon ~ 
of tbe instruction register; thereafter, go to 
Step 42. 

Copy the eontl'nts ofsc-ction 501 the instruction 
register into tbe word-selecting register. 

As previously described with respect to FIG. 56, if the 
two-decimal-digit number stored in section 1 of the in­
struction register is either a "12" or a "13" line MUS 
is thereby rendered TRUE. Line MDD' is rendered 
TRUE, however, only when the number "12" is stored in 
s~ction 1 of the instruction register. Thus, upon comple­
ho,?- of !he previously-initiated "MI" word-cycle, during 
WhICh tIme the next instruction word is read out from 
the particular address in memory specified by the con­
tents of the word-selecting register and is thereafter 
stored in the instruction register, if the contents of sec­
tion 1 of the instruction register corresponds to the 
code designation for a "MDD" instruction (Le., "12"), 
the states of lines MUS and MDD are both rendered 
TR,£!E in the manner just stated. In response to both 
of hnes MUS and MDD simultaneously being rendered 
TRUE, a "MDD" instruction is thereafter executed in 
essentially the same manner as just described with respect 
to the "MUS" instruction. This is evident from a com­
parison of the "MDD" and "MUS" flow diagrams shown 
In FIGS. 107M and 107N, respectively, together with 
tJ;e accoI?pan~ing step-by-step descriptions thereof pre­
VIOusly gIven In chart form. This is further exempli­
fied by the fact that the combination of the logical dia­
grams shown in FIGS. 101 and 102A through 102C 
form a composite logical diagram of particular portions 
?f the ~omputer circuitry utilized in executing a "MDD" 
InstructIon. 

The primary differences between the "MDD" and 
':MUS" instructions are as follows: During the execu­
tIon of the second "MA" word-cycle, during which time 
the multiplicand is read out from a particular address in 
memory, and also during which trme the R-counter is ,at 
a count of "8," the state of line TS2 (FIG. 101) is 
rendered TRUE, whereas line TS4 (FIG. lO2C) is rend­
ered FALSE by logical AND 1521. Consequently dur­
ing the execution of the second "MA" word-cycle ~rtion 
of the "MDD" subprogram, the multiplicand to be thus 
stored in address-A is read out from the address in mem­
ory specified by the contents of section 2 of the instruction 
register, rather than being read out from the address in 
memory specified by the contents of section 4 of the in­
struction register, as in the execution of the previously­
described "MUS" instruction. Thus, upon completion of 
the first-initiated "SB" subcommand portion of the 
"MDD" subprogram, during which time the F-counter is 

210 
at a count of "9," linePR2 (FIG. 101) is rendered 
FALSE, so that the R-counter is preset to "2," rather than 
having stored therein the low-order digit of section 2 of 
the instruction register via execution of a "RLR" subin-

5 struction, as in the exe'cution of tlle "MUS" instruction. 
Also, as line (MDD)' is rendered FALSE during the ex­
ecution of the "MDD" instruction, lines H2 and H4 
(FIG. 101) are likewise rendered FALSE. However, 
when line MDD is initially rendered TRUE line H3 is 

10 likewise rendered TRUE. Therefore, as the R-counter is 
at a count of "2," and as line H3 is TRUE during the ex­
ecution of the secondly-initiated "SA" and "SB" subcom­
mand portions of the "MDD" subprogram, the twenty­
digit product stored in addresses A and B is shifted one 

15 place to the right, thereafter rounded and again shifted 
one place to the right, all in the same manner as previ­
ously described. After the final shifting operation is 
completed, the "MDD" subprogram is thereafter terminat­
ed in exactly the same manner as the previously-described 

20 "MUS" subprogram. 

84. Detailed Description of DIV Instructions 

The subprogram for the "DIV" instruction essentially 
25 comprises three distinct steps or phases. During the first 

phas~, the divisor is read out from the address in memory 
speCIfied by the contents of section 3 of the instruction 
register and is stored in address-A. The algebraic s~gn of 
the divisor is thereafter determined, and its uncomple-

30 mented absolute v<tlue is derived and stored back in the 
original ·address in memory thereof. Thereafter the di­
vidend is read out from the address in memory ~pecified 
by the contents of section 2 of the instruction register and 
is stored in address-A. The algebraic sign of the dividend 

35 is determined, and its uncomplemented absolute value is 
thereafter derived and stored back in address-A. During 
the division phase of the subprogram, the ten-decimal­
digit dividend in address-A is effectively divided by the 
~en-de.cimal digit. divisor, and a ten-decimal-digit quotient 

40 IS denved from It and stored in address-B. 
As ppeviously stated, a division mathematical operation 

is carried out within the computer by the process of repeat­
ed subtractions. That is, the divisor is successively sub­
tracted from the contents of address-A until the magnitude 

45 of the ,contents of address-A is less than the magnitude of 
the divisor, the word 0000000001 being added to the con­
tents of address-B upon completion of each subtraction 
operation. After the word in address-A becomes less than 
the divisor, the contents of addresses A and B are each 

50 effectively shifted to the left by one digital position. There­
after, the divisor is again successively subtracted from the 
contents of address-A until the magnitude thereof again 
becomes less than the magnitude of the divisor, the word 
0000000001 again being added to the contents of address-

55 B upon completion of each subtraction operation. There­
after, the contents of addresses A and B are again effec­
tively shifted to the left by one digital position and the 
sequence of events again repeated until the contents of 
addresses A and B are shifted to the left by the total num-

60 ber of nine digital positions. The third phase of the sub­
program is concerned with the copying of the contents of 
address-B back in memory at the address specified by the 
contents of section 4 of the instruction register. Due 
to the fact that the absolute value of the quotient is now 

65 stored in memory, the fourth and final phase of the sub­
program is concerned with determining the algebraic sign 
of the quotient and thereafter complementing the quotient 
in the event its algebraic sign is negative; however, in 
the event the algebraic sign of the quotient is positive, a 

70 subsequent complementing operation is not performed. 
Listed below in somewhat tabular form, and also graph­

ically illustrated by the flow diagram of FIG. 107P, is a 
step-by-step description of the various previously described 
subinstructions to which the computer is sequentially re-

75 sponsive in executing a "DIV" instruction: 



Step I Subinstruc­
tions 

L _____ MI-Q-L _____ _ 

2 ______ PR4>-O-il ______ 
3 ______ MA-3-4 _______ 

4 ______ OBM(4)-O-5 __ 

0 ______ OBM(2)-6-7 __ 

6 ______ CPA-O-L ____ 

7 ______ R</>-14-8 _______ 

8 ______ CB--{'-9 _______ 
9 ______ AM-4-10 ______ 

In _____ PR8-0-1!. ____ 
11. ____ MA-2-12 ______ 

lL ___ OBN(4)-0-13 __ 

13 _____ J9-14-G.. _____ _ 

14_____ RSB-4-15 ____ _ 
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Dcscript.ion 

Copy into the instruction register the next in­
struction word stored in mem on- at the 
address specified by the contents of thl' word­
selecting regislor; thereafter, if the contents 
of section 1 of the instrnctlon register is • '14 H 

go to Step 2 in the follo"~ng subprogram_ ' 
Preset the R-counter to "0"; thereafter, go to 

Step 3_ 
Copy th~ word from memory into address-A, 

und, s~n:nltun~o~sly therewith, eopy the 
word dlglt by dlgltmto the "J" digit-register, 
the address of the word in mern ory h'ing 
specified by the contents of sectlon 3 of the 
instruction register; thereafter, go to Step 4. 

Preset the state of line OBM to correspond to 
the algebraic sign of the word just rend from 
nlClnory; thereafter, go to St~p 5. 

If the state of line OBlIt is 'l'RUE, go to Step 
7; otherwise, go to Step 6. 

Complelpent the word stored in address-A; 
thereafter, go to Step 7. 

If the R-counter is at a count of 140," go to Step 
8; otherwise, go to Step 14. 

Clear address- B; the.reafter, go to Rtep 9. 
Copy the word stored in address-A into n'em­

ory at the address specified by the contents 
of the section 4 of the instruction register' 
register; thereafter, go to Step 10. ' 

Preset the n-counter to a count of "8"; there­
after, go to Step 11. 

Copy the word stored in memory at the ad­
dress specified by the contents of section 2 of 
tpe instruction register into address-A, and, 
sl~lnltaneo~sly therewith, COpy the word 
digit by dlglt into the "J" digit-register; 
thereafter, go to Step 12. 

Preset the state of line OBN TRUE if the 
algebraic sign of tbe word just read from 
memory ('orresponds to the state of ]ine 
OBM; otherwise, preset the state of line 
OBN FALSE; tbereafter, go to Step 13. 

Il the digit stored in the" J,e digit-register is a 
"9," go to Step 6; otherwise, go to Step 14. 

212 
completion of the previously-initiated "MI" word-cycle, 
the state of flipflop 6091 is reversed when line MIN is 
subsequently rendered FALSE, so that line MA is rendered 
TRUE thereby, With reference to FIG. 79, at the be-

5 ginning of the previously initiated "MI" word-cycle, the 
state of flipflop 6107 is reversed, when line (MI), is thus 
rendered FALSE, so that line STD is rendered FALSE 
thereby. With reference back to FIG. 103B, when line 
STD is thus rendered FALSE, line PR¢ is likewise ren-

10 dered FALSE, so that the R-counter is thereby oaused to 
be preset to "0." 

With reference to FIG. 103A, as the R-counter is now 
,at a count of "0," so that line R¢ is TRUE, line TS3 
is rendered TRUE as a result of line MA being rendered 

15 TRUE. Consequently, a first "MA" word-cycle is there­
after executed, whereby the divisor stored in memory at 
the address specified by the contents of section 3 of the 
instruction register is read out and stored in address-A_ 
Simultaneously therewith, the divisor is copied digit by 

20 digit into the "J" digit-register. Upon completion of the 
"MA" word-cycle, the state of flipflop 6091 (FIG. 103B) 
is again reversed, so that line MA is rendered FALSE 
thereby_ If upon completion of the "MA" word-cycle 
the algebraic sign of the divisor just read from memory 

25 is negative, so that the tenth-order digit thereof stored in 
the "J" digit-register is a "9," the state of line OBM re­
mains FALSE. However, if the tenth-order digit of the 
divisor now stored in the "J" digit-register has a value 
other than "9," the state of flipflop 6095 is reversed on 

30 completion of the "MA" word-cycle, and line OBM is 
thereby rendered TRUE. Thus, it is evident, the state of 
line OBM is rendered TRUE if the algebraic sign of the 
divisor is positive and is rendered FALSE if the algebraic 
sign of the divisor is negative. 

15 _____ EAS-17-16 ____ 

Subtract the word stored in memory at the 
address specified by the contents of section 4 
of tbe instruction reg!,ter from the word 35 
stored in address-A; then'after, gO to Step 15. 

If the Blge bralc sign of the differenee is pod live, 
go to Step 16; otherw!'e, go to Step 17. 

If the algebraic sign of the divisor just read from mem-
ory is negative, so that line J9 is TRUE, the state of flip­
flop 60-8.3 is reversed upon completion of the previously­
initiated "MA" word-cycle, and line CPA is thereby ren­
dered TRUE. In response to line CPA thus being ren-

16 _____ DAD-o-I4. ___ 

11.. ___ RAD-4-18 ____ 

18 _____ DR-o-19 ______ 

19 _____ R</>-20-22.. ____ 

20 _____ SA(I)-o-ZL __ 

21. ____ SB(l)-O-lL __ 

22 _____ BM-4-23.. ____ 

23 _____ OBN (1)-24-25_ 
24 _____ CPM-4-25.. __ 

25_____ STD-5-* _____ _ 

Add the constant 0000000001 to the word stored 
in address-B; thereafter, go to Step 14. 

Add tbe word stored In memory at the address 
specified by the contents of section 4 of the 
!nstmction register to the word stored in 
address-A; thereafter, go to Step 18. 

Decrement the H-connter; thereafter, go to 
Step 19. 

If the R-counter is at a count of "0 " go to 
Step 22; otherWise, go to Step 20. ' 

Shift the word stored in address-A one digital 
posiUon to the left; thereafter, go to "trp 21. 

Shift the word stored in address-B one digital 
position to the left; thereafter, go 10 81.<'p 14. 

Copy the word of address-B into m(mory at 
the address specified by the contents of scc­
tlon 4 of the Instruction register; thereafter, 
go to Step 23. 

If tho stato of line OBr\ is TUUE go to Step 
25; otherwise, go to Step 24. ' 

Complement t.he word stored in memory at the 
address speClfied by the contents of section 4 
of the instruction register; thereafter, go to 
Step 25. 

Copy the contents of soet Ion 5 of the Imtruction 
register into the word-sdecting regbter. 

.. l!pon :omr,letion of the execution of the previously 
InItiated MI word-cycle, during which time the next 
5nstruction word is read out from the particular address 
in I?emory specified by the contents of the word-selecting 
:egIster .and thereafter stored in the instruction register, 
If the contents of section 1 of the instruction register 
thereafter corresponds to the code designation for.a "DIY" 
instmction (i.e_ '~14"), the state of line DIY is rendered 
TRUE in the manner previously described with respect to 
FIG. 56, and, as a result, a "DIY" instruction is thereafter 
executed in the following manner: 

With reference to FIGS, 103A and 103B, there is illus­
trated therein a composite logic.al diagram of particular 
portions of the computer circuit utilized in executing a 
"DIY" instruction, With particular reference to FIG. 
103B, at TIME-1 after line MI is rendered TRUE at the 
beginning of the previously-initiated "MI" word-cycle, the 
states of f1ipflops 6696 are reversed, so that lines OBM 
and OBN are respectively rendered FALSE thereby. Upon 

40 dered TRUE, a "CPA" subcommand is thereafter exe­
cuted, whereby the divisor now stored in address-A is 
read out and complemented, and its absolute negative 
value thereafter stored back in address-A, Upon com­
pletion of the "CPA" subcommand, the state of flipflop 

45 6083 is again reversed, and line CPA is thereby rendered 
FALSE, It is evident, therefore, that the state of flipflop 
6681 is reversed and line CB thereby rendered TRUE, 
either upon completion of the "MA" word-cycle, if the 
algebraic sign of the divisor is positive, or upon comple-

50 tion of the "CPA" subcommand if the algebraic sign of 
the divisor is negative. In either event, as a result of line 
CB thus being rendered TRUE, a "CB" word-cycle is 
thereafter executed, whereby a word of all zeros is stored 
in address-B. Upon completion of the "CB" word-cycle, 

55 the state of flipflop 608,1 is again reversed, so that line 
CB is thereby rendered FALSE, 

With reference to FIG. 103A, the state of flipflop 6077 
is reversed as a result of line CB thus being rendered 
FALSE, and line Al\'1 is rendered TRUE thereby. When 

60 line AM is rendered TRUE, line TS4 is likewise rendered 
TRUE. Consequently, in response to lines AM and TS4 
being rendered TRUE, an "AM" word-cycle is thereafter 
executed, whereby the divisor now stored in address-A is 
read out and stored in memory at the address specified 

65 by the contents of section 4 of the instruction register. 
Upon completion of the "AM" word-cycle, the state of 
flipflop 6677 is again reversed, so that line AM is ren­
dered FALSE thereby, 

When line AM is thus rendered FALSE, line PR8 
70 (FIG. 103B) is likewise rendered FALSE and thereby 

causes the R-counter to be preset to a count of "8_" 
Also, the state of flipflop 6091 is again reversed as a re­
sult of line AM thus being rendered FALSE, and line 
MA is again rendered TRUE thereby. As the R-counter 

75 is now at a count of "8," s·o that line R8 is TRUE, line 
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TSZ (FIG. 103A) is likewise rendered TRUE as a re­
sult of line MA being rendered TRUE. In response to 
lines MA and TSZ thus being rendered TRUE, a second 
"AM" word-cycle is thereafter executed, whereby the 
dividend stored in memory at the address specified by 
the contents of section 2 of the instruction register is 
read out and stored in address-A; simultaneously there­
with, the dividend is copied digit by digit into the "J" 
digit-register. 

Upon completion of the second "MA" word-cycle, the 
state of flipflop 6091 (FIG. 103B) is again reversed, so 
that line MA is rendered FALSE thereby. If upon com­
pletion of the "MA" word-cycle the algebraic sign of the 
dividend, as indicated by the states of lines J9 and (J9)', 
corresponds to the algebraic sign of the divisor, as indi­
cated by the states of lines OBM and (Omvl)', the state 
of flipflop 6096 is reversed, so that line OBN is rendered 
TRUE thereby. However, if the algebraic signs of the 
dividend and of the divisor are of opposite signs, the state 
of line OBN remains FALSE. Thus it is evident that 
the state of line OBN is rendered TRUE if the algebraic 
sign of the dividend corresponds to the algebraic sign of 
the divisor, and is rendered FALSE if the algebraic sign 
of the dividend does not correspond to the algebraic sign 
of the divisor. Also, if the algebraic sign of the dividend 
just read from memory is negative, so that line J9 is 
rendered TRUE, the state of flipflop 6083 is reversed 
upon completion of the previously-initiated "MA" word­
cycle, and line CPA is thereby rendered TRUE. 

As previously described, when line CPA is rendered 
TRUE, a "CPA" subcommand is thereafter executed, 
whereby the word stored in address-A is read out and 
complemented, and its absolute value is thereafter stored 
back in address-A. Upon completion of the "CPA" sub­
command t,he state of flipflop 6083 is again reversed, and 
line CPA is thereby rendered FALSE. It is evident, 
therefore, that the state of flipflop 6081 is reversed and 
line CB thereby rendered TRUE, either upon comple­
tion of the secondly-initiated "MA" word-cycle, if the 
algebraic sign of the dividend is positive, or upon com­
pletion of the previously-initiated "CPA" subcommand 
if the algebraic sign of the dividend is negative. In 
either event, when line CB is finally rendered TRUE, a 
"CB" word-cycle is thereafter executed, whereby a word 
of all zeros is stored in address-B. Upon completion of 
the "CB" word-cycle, the state of flipflop 6081 is again 
reversed, so that line CB is thereby rendered FALSE. 

With reference to FIG. 103A, the state of flipflop 6100 
is reversed as a result of line CB thus being rendered 
FALSE, and, as a result, line RSB is thereby rendered 
TRUE. When line RSB is thus rendered TRUE, line 
TS4 is likewise rendered TRUE. Consequently, in re­
sponse to lines RSB and TS4 thus being rendered TRUE, 
a "RSB" subcommand is thereby executed, whereby the 
divisor stored in memory at the address specified by the 
contents of section 4 of the instruction register is read 
out and subtracted from the contents of address-A. Upon 
completion of the "RSB" subcommand, the state of flip­
flop 6100 is again reversed, so that line RSB is thereby 
rendered FALSE. As previously described in detail with 
respect to that portion of the adder-su btractor circuitry 
shown in FIG. 54, decimal·carry output line EAS is 
rendered TRUE upon completion of the "RSB" sub­
command if the algebraic sign of the remainder is nega­
tive; however, if the algebraic sign of the remainder is 
positive, line EAS is rendered FALSE. 

If it be assumed that the algebraic sign of the remainder 
now in address-A is positive, so that line (EAS), is 
TRUE, the state of flipflop 6085 (FIG. 103A) is reversed 
upon completion of the previously-initiated "RSB" sub­
command, and line DAD is thereby rendered TRUE. 
When line DAD is thus rendered TRUE, a "DAD" sub. 
command is thereafter executed, whereby the constant 
0000000001 is added to the word now stored in address-B 
which, in this instance, is a word of all zeros. Upon com~ 
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pletion of the "DAD" subcommand, the state of flipflop 
6085 is again reversed, so that line DAD is rendered 
FALSE thereby. As a result of line DAD thus being 
rendered FALSE, the state of flipflop 6100 is again re-

5 versed, so that line RSB is rendered TRUE for the sec­
ond time. Consequently, a second "RSB" subcommand 
is thereafter executed, whereby the divisor stored in mem­
ory at the address specified by the contents of section 4 
of the instruction register is again subtracted from the 

10 contents of the address-A. Thereafter, the state of flip­
flop 6100 is again reversed, so that line RSB is rendered 
FALSE thereby. When line RSB is thus rendered 
FALSE, the state of flipflop 6085 is again reversed, so 
that line DAD is rendered TRUE for the second time, 

15 provided that the algebraic sign of the difference now in 
addrcss-A is still positive. However, if it be assumed that 
the algebraic sign of the difference is now negative, so 
that line (EAS)' is rendered FALSE, the state of flipflop 
6085 is thereafter preVented from being reversed, and, 

20 consequently, line DAD remains FALSE. Therefore, as 
it has been assumed that the algebraic sign of the re­
mainder is now negatiVe, so that line EAS is rendered 
TRUE, the state of flipflop 6097 is reversed upon com­
pletion of the previously-initiated "RSB" subcommand, 

25 and, as a result, line RAD is rendered TRUE thereby. It 
is evident, therefore, that the subtraction operation is 
continued until line EAS is rendered TRUE, indicating 
that the algebraic sign of the remainder is negative. 

Howevcr, when line RAD is thus rendered TRUE, line 
30 TS4 is likewise rendered TRUE. Consequently, a URAD" 

subcommand is thereafter executed, whereby the divisor 
stored in memory at the address specified by the contents 
of section 4 of the instruction register is added to the con­
tents of address-A, which is thereafter storing a remainder 

35 whose algebraic sign is now positive; i.e., greater than 
"0." Just prior to completion of the "RAD" subcom­
mand, the state of line DR (FIG. 103B) experiences a 
TRUE-to-F ALSE reversal of state and thereby causes the 
R-counter to be decremented from a count of "8" to a 

40 count of "7." Upon completion of the previously­
initiated "RAD" subcommand, the state of flipflop 6097 
(FIG. l03A) is again reversed, so that line RAD is thus 
rendered FALSE. As the R-counter is now at a count 
other than "0," so that line (Rot»' is rendered TRUE, the 

45 slate of flipflop 6101 is reversed when line RAD is thus 
rendered FALSE, and, consequently, line SA is rendered 
TRUE thereby. In response to line SA thus being ren­
dered TRUE, a "SA" subcommand is thereafter executed, 
whereby the remainder stored in address-A is shifted to 

50 the left by one digital position. Thereafter, the state of 
fliptlop 6101 is again reversed, so that line SA is rendered 
FALSE thereby. When line SA is thus rendered FALSE, 
the state of flipflop 6103 is reversed and line SB rendered 
TRUE thereby. In response to line SB being rendered 

55 TRUE, a "SB" subcommand is thereafter executed, where­
by the partial quotient stored in address-B is also shifted 
to the left by one digital position. Upon completion of 
the just-initiated "SB" subcommand, the state of flipflop 
6103 is again reversed, and line SB is rendered FALSE 

60 thereby. 
As a result of line SB thus being rendered FALSE, the 

state of flipflop 6100 is again reversed, so that lines RSB 
and TS4 are again rendered TRUE. Consequently a 
"RSB" subcommand is thereafter executed, whereby the 

65 divisor stored in memory at the address specified by sec­
tion 4 of the instruction register is subtracted from the 
shifted remainder now stored in address-A. Thereafter, 
a succession of "RSB" sub commands is executed until the 
remainder stored in address-A has been reduced to zero 

70 or .until. the algebraic sign thereof becomes negative, at 
whIch ttme the states of flipflops 6097 and 6100 are both 
reversed, so that lines RAD and RSB are thereby ren­
dered TRUE and FALSE, respectively. In response to 
lines RAD and TS4 now being TRUE, a "RAD" sub-

75 command is thereafter executed, whereby the divisor 
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stored in memory at the address specified by section 4 of 
the instruction register is added to the remainder stored 
in address-A. Thereafter, a "SA" subcommand followed 
by a "SB" subcommand is sequentially executed, whereby 
the words stored in addresses A and B are both shifted one [) 
digital position to the left. As shown in FIG. 103B, just 
prior to the completion of the "RAD" subcommand, the 
state of line DR experiences a TRUE-to-FALSE reversal 
of state and thereby causes the R-counter to be decre­
mented from a count of "7" to a count of "6." The 10 
above-described sequence of subtraction operations is 
sequentially repeated until the R-counter is decremented 
from a count of "I" to a count of "0." 

Upon completion of the last-initiated "RAD" subcom­
mand, after the R-counter reaches a count of zero, as in- 15 
dicated by line R.p being rendered TRUE, the state of 
flipflop 6079 is reversed, so that lines BM and TS4 are 
both rendered TRUE. In response to lines BM and TS4 
thus being rendered TRUE, a "BM" word-cycle is there­
after executed, whereby the word stored in address-B is :00 
read out and stored in memory at the address specified 
by the contents of section 4 of the instruction register. 
Upon completion of the "BM" word-cycle, the state of 
flipflop 6079 is again reversed, so that line BM is ren­
dered FALSE thereby. With reference to FIG. 103B, 25 
when line BM is reversed from TRUE to FALSE, the state 
of line PRS is likewise reversed from TRUE to FALSE, 
and, as a result, the R-counter is again preset to a count 
of "8," so that line RS is rendered TRUE thereby. If it is 
assumed that line (OBN)' was previously rendered 
TRUE, indicating that the algebraic sign of the quotient is 
negative, the state of flipflop 6084 is reversed upon com­
pletion of the previously-initiated "BM" word-cycle, and 
line CPM is rendered TRUE thereby. As line CPM is 
thus rendered TRUE, line TS4 (FIG. 103A) remains 
TRUE. Thus, in response to lines CPM and TS4 being 
TRUE, a "CPM" subcommand is thereafter executed, 
whereby the quotient now stored in memory at the ad­
dress specified by the contents of section 4 of the instruc­
tion register is read out and complemented, and the com­
plement thereof stored in the memory address specified 
by section 4 of the instruction register. Upon completion 

30 
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register, the address of the next instruction word is that 
which is specified by section 5 of the instruction register. 

Listed below in somewhat tabular form, and also 
graphically illustrated by the flow diagram of FIG. 
107Q, is a step-by-step description of the various pre­
viously-described subinstructions to which the computer 
is sequentially responsive in executing a "CFM" instruc­
tion: 

Step Suhin<truc- I 
tion 

-~-~~-----

2 _____ _ 

6. _ ~ _ ~ OB~(I)-9-L_ 

7_. ___ HSB-3-8~_~ ___ 

8 __ ~ ___ EAS-Il-1Q ____ 

9 __ ~ ___ OBM(2) -11-10_ 

10 ____ Sl'D·~I-* ______ 

11. __ STD-5-' ______ 

Description 

Copy into the ins(ruc1ion register the next 
in~.truction word "lhieh is ~tored in memory 
at the address specified by the contl'llts of 
the \\~ord-:':;t'l('cting mgister; therl2after, if the 
contents of spctionl olthe instruction register 
is "15," go to Step 2 in the following sub­
program. 

Copy the n0xt word from IDrmory into addrrss­
A, and, simUltaneously therewith, copy the 
v .. 'art! digit hy digit into the "1" digit-register, 
the address of th(' next word from memory 
being specified hy the contents of section 2 of 
the in:-;trllction re,gistcr; tlicrcOlftcr, go to 
Step 3. 

Preset the sbte of line OIlM to cOI'respond to 
the alg~',bl'ail' si~n of the won! just read frmll 
memory: thereafter, go to Step 4. 

COllY the word stored in memory at the ad­
dress si)cciHeu by the contents of section 3 of 
the instrnction register digit hy digit into the 
"J" (li,e:it re;;istcr; thereafter, go to Step 5. 

Pres,>t the ,tuto of line OIlN T]{UE j[ the alge' 
braic si~n of the woru just read from memory 
corresponds t·o the state of line OHM; other­
wise, preset tho st,;te of line OIlN FALSE; 
therearter, go to Step 6. 

If the state of line OliN is Til DE, go to Step 7; 
otherwise, 12:0 to Stpp 9. 

Suhtract the word stored in m~.lmory FIt the nd­
d~'css specified by the contents of ~cction 3 of 
thl~ instrnction rogister (nun the. \v()rd stored 
in address-A; thereaft('r, gO to Step 8. 

If tilt' a\gehruic Sign of the dUft'rence is positive, 
go to Step 10: otherwise, go to Step 11. 

If the sbte of line OIl:\1 is TUDE, go to Step 
10; othenvise, go to Stpp 11. 

Co;>y the eontl'l1t3 of seetioll ,I of the instruction 
regist:..'r into tlH~ wonl-splf'(,tin~ register. 

Copy the contents of section 5 of the instruc:tion 
register into the word-selecting register. 

Upon completion of the execution of the previously 
initiated "MI" word-cycle, during which time the next 
insruotion word is read out from the particular address 

of the just-initiated "CPM" subcommand, the state of 
flipflop 6084 is again reversed, so that lines CPM and 
TS4 are both rendered FALSE thereby. 

As shown in FIG. 103B, if the state of line OBN is 
TRUE, indicating that the algebraic sign of the quotient 

45 in memory specified by the contents of the word-selecting 
register and thereafter stored in the instruction register, 
if the contents of section 1 of the instruction register 
thereafter corresponds to the code designation for a is positive, the state of flipflop 6107 is reversed, and line 

SID is thereby rendered TRUE upon completion of the 
previously-initiated "BM" subcommand; otherwise, the 50 
state of flipflop 6107 is not so revel'sed until the pre­
viously initiated "CPM" subcommand is completed. 
However, when line STD is finally rendered TRUE, line 
TSS is likewise rendered TRUE. Consequently, a "STD" 
subinstruction is thereafter executed, whereby the con- 53 
tents of section 5 of the instruction register is stored in 
the word-selecting register, thus terminating the sequence 
of events initiated in response to a "DIY" instruction. 

85. Detailed Description of CFM Instructiolls 

During the execution of a "CFM" instruction, the 
values of the two words stored in memory at the ad­
dresses specified by the contents of sections 2 and 3 of 
the instruction register are compared with each other. 
If the value of the word stored in memory at the address 
specified by section 2 of the instruction register is equal 
to or larger than the value of the word stored in mem­
ory at the addre'ss specified by section 3 of the instruction 
register, the address of the next instmction word is spec­
ified by section 4 of the instruction register. However, 
if the absolute value of the word stored in memory at 
the address specified by section 2 of the instruction regis­
ter is less than the value of the word stored in memory 
at the addre's8 specified by section 3 of the instruction 

"CFM" instruction (i.e., "15"), the state of line CFM 
is rendered TRUE in the manner previously described 
with respect to FIG. 56, and, as a result, a "CFM" in-
struction is thereafter executed in the following manner: 

With reference to the composite logical diagram shown 
in FIG. 104, at TIME-l after line MI is rendered TRUE 
at the beginning of the previously-initiated "MI" word­
cycle, the states of flipflops 6095 and 6096 are reversed, 
so that lines OBM and aEN are respectively rendered 
FALSE thereby. When line MIN is subsequently ren­
dered FALSE upon completion of the previously-initiated 

60 "Ml" word-cycle, the state of flipflop 6091 is reversed, 
and line MA is thereby rendered TRUE. When line MA 
is thus rendered TRUE, line TS2 is likewise rendered 
TRUE. Consequently, a "MA" word-cycle is thereafter 
exeouted whereby the word stored in memory at the ad-

G3 dres·s specified by section 2 of the instru,tion register is 
read out and stored in address-A; simultaneously there­
with, the word being read out from memory is copied 
digit by digit into the "J" digit-register. Upon comple­
tion of the "MA" word-cycle, if the tenth-order digit of 

70 the word just read out from memory is a "9," indicating 
that the algebraic sign of the word is negative, the state 
of line OEM remains FALSE, indicative of the negative 
algebraic sign of the word just read from memory. How­
ever, if the algebraic sign of the word just read from 

75 memory is positive, so that line (19)' is TRUE, the state 
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of flipflop 6095 is reversed just prior to completion of 
the previously-initiated "MA" word-cycle, so that line 
OBM is rendered TRUE, indicating that the algebraic 
sign of the word just read from memory is positive. 

Upon completion of the previously-initiated "MA" 5 
word-cycle, as indicated by line J'viA being rendered 
FALSE, the state of flipflop 6066 is reversed, and lines 
MI and TS3 are both rendered TRUE thereby. Conse­
quently a "MI" word-cycle is thereafter executed, where-
by the word stored in memory at the address specified 10 
by section 3 of the instruction register is read out and 
copied digit by digit into the "I" digit-register. Again, 
if the tenth-order digit of the word just read from mem­
ory and copied digit by digit into the "I" digit-register is 
a "9," indicating that the algebraic sign of the word is 15 
negative, the state of line J9 is rendered TRUE; other­
wise, line (11), is rendered TRUE. Therefore, if the 
algebraic signs of the two words just read from memory 
are the same, the state of flipflop 6096 is reversed upon 
completion of the previously-initiated "MJ" word-cycle, 20 
and, as a result, line OBN is rendered TRUE thereby. 
However, if the algebraic signs of the two words just 
read from memory are opposite, the state of line OBN 
remains FALSE. If it is assumed ,that the algebraic 
signs of the two words stored in memory at the addresses 25 
specified by sections 2 and 3 of the instruction register 
are of opposite signs, so that line (OBN)' is rendered 
TRUE, the state of flipflop 6107 is reversed upon com­
pletion of the previously-initiated "MJ" word-cycle, and, 
as a result, line STD is rendered TRUE thereby. When 30 
line STD is thus rendered TRUE, line TS4 is rendered 
TRUE if the algebraic sign of the word stored in memory 
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ever, if line (PCI)' is rendered TRUE simultaneously 
with line STD, line TS4 is rendered TRUE in order 
to effect the storage of the contents of section 4 of the 
instruction register into the word-selecting register. 

86. Detailed Description of CFE Instructions 

During the execution of a "CFE" instruction, the two 
words stored in memory at the addresses specified by the 
contents of sections 2 and 3 of the instruction register 
are first compared for equality. Thereafter, if the values 
of the two words are of equal magnitude, the contents 
of section 5 of the instruction register is thereafter stored 
into the word-selecting ,register; however, if the values 
of the two ,words are of unequal magnitudes, the contents 
of section 4 of the instruction register is stored into the 
word-selecting register. 

Listed below in somewhat tabular form, and also 
graphically illustrated by the flow diagram of ,FIG. 107R, 
is a step-by-step description of the various previously de­
scribed subinstructions to which the computer is sequen­
tially responsive in executing a "CFE" instruction: 

2 _____ _ 

Suhinstruc­
tions 

i\U-D-L ____ _ 

MA-3-3 ______ _ 

4 ______ OD"(l)-IlL_ 

5______ ST 0-4-' _____ _ 

Description 

Copy into tl1C' instruction fogister the nrxt in~ 
structioil ",;,-on1 stored in memory at the 
address speeitlcd hy the contents of the ,\'Ord· 
se1ecting re~:d::;ter; tllC'reafter, if ttl(' ('ontt'nts of 
sectiotl 1 of thn instrudioll reg'i::;.t(>l' is "Hi,'~ 
go to Step 2 in the (allowin!!: suh;)fogrnm. 

Cl)PY the 11C"\t \yord from Bl('lIlory into addn'~~~ 
A~ and ~,illmlLuwously tlWI',''\,1, idl r copy the 
word (ligit 1)),' digit 11110 tJll'~ 'J" lligit-rrgi:"trr, 
tllr <I(idn'ss of Hw lH.'-;.t wonl from nWU10ry 
bL'ing Sl"l('dl~l'd by tllD (:Ol1t(,l11,.'; of sl~('tion 2 
of tlw i!l~truction rl·gish_'r; tln"reafLeT, g-o to 
Sl.ep 3. 

Subtr;lC't the ,nml ;;;t.of('d in nlf'1ll01'Y at 1ho 
ad(in\~s EilH:('iflt:<L h? the con U'I1 t:; of :-;('('1 ion 3 
of tlll' ju~1.!'IH:t.iOll n'gi~t('r from trw word 
:-;torl'd in Addr'l's:<::-A; thl\n~'lftc'r~ VO to 8t['I1·L 

If ttlP stat.e of Iinc 0 B.:J i~ 'l"IUi E, g,) tH Stc·p [i; 
oUli~rw L"l'. go to ~;tl'P n. 

at the address specified by section 2 of the instruction 
register is positive, as indicated by line OBM being ren­
dered TRUE. However, if the word stored in memory 35 
at the address specified by section 2 of the instruction 
register is negative, so that Line (OBM)' is rendered 
TRUE instead of line OBM, line TSS is rendered TRUE 
thereby. As previously described, when line TSS is ren­
dered TRUE simultaneously with line STD, a "STD" 
subinstruction is thereafter executed, whereby Ithe con­
tents of section 5 of the instruction register is stored in 

40 6.. ___ _ SI'D-·5-* _____ _ 

Copy the QOltt{'nl ~ of ~l'CtiOll 4 of thl' in:-;trnctioll 
reg-i:-:;~t'r illj,o tht' \vord-~('lr:cting rt'gi;-:;lPr, 

Copy the contcnt~ of seetiotl 5 (If the in~truction 
rt'gi:::::lef into the word-~l'k(;ting rl'gisteI'. 

the word-selecting register. However, if line TS4 is ren­
dered TRUE simultaneously with line STD, a "STD" 
subinstruction is thereafter executed whereby the contents 45 
of section 4 of the instruction register is stored in the 
word-selecting register. 

If it be assumed that the words stored in memory at 
the addresses specified by sections 2 and 3 of the instruc­
tion register are of like algebraic signs, so that line OBN 50 
is rendered TRUE, the state of flipflop 6100 is reversed 
upon completion of the previously-initiated "MJ" word­
cycle, and, as a result, lines RSB and TS3 are both ren­
dered TRUE thereby. Consequently, a "RSB" subcom­
mand is thereafter executed whereby the word stored in 55 
memory at the address specified by section 3 of the in­
struction register is subtracted from the word stored in 
address-A Upon completion of the "RSB" subcom­
mand, the state of flipflop 6100 is again reversed, 'so that 
lines RSB and TS3 are both rendered FALSE. If, upon 1;0 
completion of the subtraction operation, the word stored 
in memory at the address specified by section 2 of the in­
struction register is of greater magnitude than the value 
of the word stored in memory at the address specified by 
section 3 of the instruction register, line (PCI)' is ren- 65 
dered TRUE in the same manner as previously described 
with respect to FIG. 53. However, if the word stored 
in memory at the address specified by section 2 of the in­
struction register is less than the value of the word stored 
in memory at the address specified by section 3 of the in- 70 
struction register, line PCI is rendered TRUE instead. 
Thus, it is seen, if line PCI is rendered TRUE simultane­
ously with line STD, line TSS is rendered TRUE in order 
to effect the storage of the contents of 'section 5 of the 
instruction register into the word-selecting register. How- 75 

Upon completion of the execution of the previously 
initiated "MI" ,word-cycle, during which time the next 
instruction word is read out from the particular address 
in memory specified by the contents of the word-selecting 
register and thereafter stored in the instruction register, 
if the contents of section 1 of the instruction register 
thereafter corresponds to the code designation for a 
"CFE" ins,truction (i.e., "16"), the state of line CFE is 
rendered TRUE in the manner previously described with 
respect to FIG. 56, and, as a result, a "CFE" instruction 
is thereafter executed in the following manner: 

With reference to the composite logical diagram shown 
in FlG. 105, at TIME-l after line MI is rendered TRUE 
at the beginning of the previously-initiated "MI" word­
cycle the state of flipflop 6096 is reversed, so that line 
OBN is rendered FALSE thereby. Upon completion of 
the previously initiated "MI" word-cycle, as indicated by 
line MIN thereafter being rendered FALSE, the state of 
flipflop 6-091 is reversed, so ,that lines MA and TS2 are 
both rendered TRUE thereby. In response to lines MA 
and TS2 being rendered TRUE, a "MA" word-cycle is 
thereafter executed during which the word stored in 
memory at the address specified by section 2 of the in­
struction register is read out and stored in address-A; 
simultaneously therewith, the word is also copied digit 
by digit into the "J" digit-register. Upon completion 
of the "MA" word-cycle, the state of flipflop 6091 is 
again reversed, and lines MA and TS2 are both renderecl 
FALSE thereby. When line MA is thus rendered FALSE, 
the state of flipflop 6100 is reversed, so that lines RSB 
and TS3 are both rendered TRUE thereby. Consequent­
ly, a "RSB" subcommand is thereafter executed, whereby 
the word stored in memory at the address specified by 
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section 3 of the instruction register is subtracted from the 
word stored in address-A. Upon completion of the 
"RSB" subcommand, the state of flipflop 6100 is again 
reversed, and lines RSB and TS3 are both rendered 
FALSE thereby. 

As previously described with respect to FIG. 54, line 
ZN</> from the adder-subtracter is rendered FALSE if 
the remainder resulting from a subtraction operation is 
zero; otherwise, line ZN</> is rendered TRUE 

Therefore, if it is assumed that the value of the word 10 
stored in address-A and the value of the word stored in 
memory at the address specified by section 3 of the instruc­
tion register are of unequal magnitudes, so that line ZN</> is 
rendered TRUE upon completion of the "RSB" sub­
command, the state of flipflop 6096 is reversed, and line 15 
OBN is rendered TRUE thereby. Also, when line RSB 
is thus rendered FALSE, the state of flipflop 6107 is 
reversed, so that line STD is rendered TRUE thereby. 
In response ,to lines STD and OBN simultaneously being 
TRUE, line TS4 is likewise rendered TRUE. Conse- 20 
quently, a "STD" subinstruction is thereafter executed, 
whereby the contents of section 4 of the instruction 
register is stored in the word-selecting register. However, 
if it is assumed that the values of the two words stored 
in memory at the addresses specified by sections 2 and 3 25 
of the instruction register are of equal magnitudes, as 
indicated by line ZN</> being rendered FALSE, the state 
of line OBN rema,ins FALSE upon completion of the 
previously-initiated "RSB" subcommand. Consequently, 
when line STD is rendered TRUE simultaneously with 30 
line (OBN)', the state of line TS5 is likewise rendered 
TRUE. Consequently, a "STD" subinstruction is there­
after executed whereby the contents of section 5 of the 
instruction register is stored in the word-selecting register. 

220 
However, when an "alternate-instruction" (AI) symbol 

is detected, zeros are first stored in any remaining digital 
positions of the last operable address when tbe "AI" 
symbol is first detected, and, immediatelythcreafter, the 
computer proceeds to carry out the dictates of the next 
instruction word stored in memory at the address specified 
by the contents of section 4 of the instruction register. 
If, however, the digit stored in the low-order digital posi­
tion of section 2 of the instruction register is a "1" instead 
of a "0," the paper tape is caused to be translated in a 
reverse direction until an alternate-instruction symbol is 
detected, at which time the tape is brought to a standstill, 
and the computer immediately proceeds to carry out the 
dictates of the next instruction word stored 1n memory 
at the address specified by the contents of section 5 of the 
instruction register. 

Listed below in somewhat tabular form, and also graph­
ically illustrated by the flow diagram of FIG. 107S, is a 
step-by-step description of the various previously de­
scribed subinstructions to which the computer is sequen­
tially responsive in executing a "EPT" instruction: 

Step 

L ____ _ 

Subinstruc­
tions 

1\1 I -0-2 _______ _ 

2 ______ L¢-4-3 _______ _ 

3 ______ l'TFO-6 _____ _ 

4- _____ LI~O-5 _______ _ 

Description 

CntrY int.o thn im;frllction register the TIrxt 
instructiun word SlOft'd in TIlemory at the 
"cldress speril",cI by the contents of the word­
st'leding rl'gish',r; tllcfC'aftrf, if the conlpnts 
of section 1 of the instfuC'Holl rcgist('1' is oj 17," 
go to Step 2 in the fol1o\virlg subprogr:1.ITl. 

If tho lov,:-ordeT digit storNl in ~pdion 2 of the 
iu:>lruc1ion fl·gistcr is a "0," go to Stev 3; 
otlwr\\ L-K" go to St('-p 4. 

Tnltl~jat(' the pap!'f t.ap{' in a fonvurd rlircctfon; 
UlL'rt.'ufter, go to Stl:'P 6. 
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35 L ___ _ PTn-O~6 _____ _ 

If the low-order digit stored in section 2 of the 
in,c.;trnction register is a' ~ 1," go to StE'P 5. 

rr~ranslalc the paper tave ill u reverse direction; 
tlll·n·dh.'r, go to Step (i. 

0 ______ TCL~O-7 _____ _ 

7 ______ EOF~9-8 _____ _ 

Whon the output of the [laper tape clark is 
H'nden'd TRliE, go to Step 7. 

I( the digit just read from the IJlmchcd pUllt'r 
tape is an end~of fralne synlbol, go to Stepl:S; 
othcrwtoe, go to S("p 9. 

By means of the execution of but a single "EPT" in­
struction, from one to one hundred words read from 
punched paper tape are stored in sequentiaUy-numbered 
addresses in memory. During the first phase of the 
"EPT' subprogram, the paper tape is caused to be trans­
lated in a forward direction, during which time data in­
formation is read therefrom ,if the value of the low-order 
digit of section 2 of the instruc,tion register is a "0"; bow­
ever, if the low-order digit is a "1," the paper tape is 
caused to be translated in a reverse direction (i.e., re­
wound), during which time only symbol information is 
read therefrom. 

40 8 ______ PTB-o~18 ____ _ Stop the paper tape; thereafter, go to Step 18. 
Wben the output of the paper tape clock is 

rendered TRUE, go to Step 10. 
9 ______ TCL~O-lO ____ _ 

10 _____ A1~12~lL ____ _ rr the digit just read from the paper tape is an 
alternate-instruction symbol, go to Step 11; 
otherwise, go to Step 12. 

4:3 12 _____ L¢~5~13_. ____ _ 

Preset the state of line 013111 'fRUE; there­
after, go to Step 8. 

If tbe low-order digit of section 2 of tbe in­
struction fPgist('r is a uO," gO to Step 13; 
otberwise, go to Step 6. 

As ,previously described with respeot to FIG. 88C, the 
total number of words read from the paper tape, to be 50 
subsequently stored ,in sequentially-numbered addresses 
in memory,is determined by the number of ten-digit 
words punched in the paper tape between "end-of-frame" 
(EOF) or "alternate-instruction" (AI) symbols. That 
is, the words sequentially read from the tape are stored 55 
in sequentially numbered addresses in memory until either 
an HEOF" symbol or an "AI" symbol is detected. When 
an "EOF" symbol is detected, zeros are automatically 
stored in ,the remaining higher-order digital positions of 
the last address, and the computer thereafter proceeds 
to carry out the dictates of the next instruc60n word 
stored in memory at the address specified by the contents 

00 

13 _____ TDA~G_1L __ _ 

14_____ AD(I)-O~15 __ _ 

16 _____ DD~G~lL ____ _ 

17 _____ 1::-14-0_0.. ____ _ 

18 _____ D9~20_19.. ___ _ 

19..___ 013::\l(2)~ 
22~23. 

20 _____ AlJ(I)~O~21. __ 

21.____ ROS~3~18 ____ _ 

22_____ STD~5-' _____ _ 

U the character just read from the paper tape 
is a data digit, go to Step 14; otherwise, go to 
Step 6. 

Incrument the digit-counter; thereafter, go to 
Step 15. 

Store the data digit jllilt read from the paper 
tapc into the nex thigber order digital position 
of tbe memory address speeified by the con­
tents of section 3 of tbe instruction register; 
thereafter, go to Step 10. 

rr the digit-counter is at a count of "9," gO to 
Step 17; otherwise, go to Step 6. 

1nerell'ent section 3 of the instruction register; 
thereaftrr, go to Step 6. 

If the digit-counter is at a count of "9," go to 
Step IY; otherwise, go to Step 20. 

If thc state of line OBIIl is 'l'HUE, go to Step 
23; otherwise, go to Step 22. 

Increment the digit-counter; thercafter, go to 
Step 21. 

Store a zero in tbe memory address spe.cifled 
by the contents of section 3 of tbe instruction 
register, the digital position being indicated 
by the count of the digit-counter; thereafter, 
go to Step 18. of section 5 of the instruction register. During the tape­

reading operation, the first digit read from the tape is 
stored in the first-order digital position of the address in 
memory specified by the contents of section 3 of the 
instruction register; the next digit read is stored in the 
second-order digital position thereof; and so on, until 

Of> 23_____ STD~4~· _____ _ 

Copy the contents of scction 5 of the instruction 
register into the word-seJecting register. 

Copy the contents of section 4 of the instruction 
r('gister into the word-selecting register. 

the address specified by the contents of section 3 of the 
instruction register ,is completely filled. Thereafter, sec- 70 
tion 3 of the instruction register is incremented by a count 
of "1," and the next ten digits read from the tape are 
stored in the next-higher-orderaddress in memory, the 
above-described sequence of events being sequentially 
repeated until an "EOF" symbol is detected. 75 

Upon completion of the execution of the previously 
initiated "MI" word-cycle, during which time the next in­
struction word is read out from the particular address in 
memory specified by the contents of the word-selecting 
register and stored in the instruction register, if the con­
tents of section 1 of the instruction register thereafter cor­
responds to the code designation for an "EPT" instruction 
(i.e., "17"), the state of line EPT is rendered TRUE in 
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the manner previously described with respect to FIG. 56, 
and, as an result, a "EPT" instruction is thereafter ex­
ecuted in the following manner. 

It is to be noted at the outset, howevcr, that the particu­
lar sequence of operations carried out during the execu­
tion of an "EPT" instruction is dependent, not only upon 
the contents of section 2 of the instruction register, but 
also upon the condition of the paper-tape reader when the 
"EPT" instruction is first initiated, as previously described 
with respect to that portion of the preceding description 
relating to the format of an "EPT" instruction word. For 
example, a different sequence of operations is executed 
when the "EPT" instruction is first initiated if the contents 
of section 2 of the instruction register is "00" and a data 
digit is positioned over the tape reading head; if the con­
tents of section 2 is "00" and an "alternate-instruction" 
symbol digit is positioned over the reading head; if the 
contents of section 2 is "00" and an "end-of-frame" 
symbol digit is positioned over the reading head; if the 
contents of section 2 is "01" and an "end-of-frame" 
symbol digit is positioned over the reading head; or if lh~ 
tape unit is in a rewinding cycle of operation. 

Reference is now made to FIGS. 106A and 10GB, 
wherein there is illustrated a composite logical diagram of 
particular portions of the computer circuitry utilized in 
executing an "EPT" instruction, and additional reference 
is 'also made to FIG. 88C, wherein a fragmentary portion 
of the particular perforated tape utilized by a conventional 
paper-tape reader is diagrammatically illustrated. 

It is again to be noted that the particular paper-tape­
reading mechanism utilized by the present computer is a 
well-known photo-electric type, commercially available 
as Model No. 903, at present manufactured by Potter In­
strument Company, Inc. The circuitry contained within 
the paper-tape reader is conventionally connected in such 
a way that lines Ta through Td are respectively rendered 
TRUE during a reading operation in response to a per­
foration located in a corresponding one of data channels 
# 1 through #4; line TDA is rendered TRUE in response 
to a lack of a perforation in channel #6, indicating the 
presence of a data digit over the reading head; line EOF 
is rendered TRUE in response to a perforation located 
in channel #8; line AI is rendered TRUE in response to 
a perforation located in channel #7; line TCL is rendered 
TRUE when a perforation is sensed in clock channel 
CLK; and line REW is rendered TRUE each time the 
tape unit is in a rewinding cycle of operation. 

At the first TIME-l after the "EPT" instruction is initi­
ated, the state of flipflop 6061 is reversed, and line TH 
is thereby rendered TRUE; at the second TIME-I, the 
state of flipflop 6061 is again reversed, and line TH is 
thereby rendered FALSE; at the third TIME-l the state 
flipflop 6061 is aagin reversed, so that line TH is thereby 
rendered TRUE; and so on. Each time line TH is ren­
dered TRUE, lines TSJ and JM are likewise rendered 
TRUE. Therefore, if it is now assumed that "00" is 
stored in section 2 of the instruction register and that one 
of the data digits "0" through "9" is positioned over the 
reading head when the "EPT" instruction is first initiated, 
the output of gate 1570 experiences a TRUE-to-F ALSE 
reversal of state upon completion of the previously-initi­
ated "MI" word-cycle when line MIN is thereafter ren­
dered FALSE. As a result, the state of flipflop 6087 is 
reversed, so that line GC is rendered TRUE thereby. 
However, approximately forty microseconds later, at 
TIME-I, the state of flipflop 6087 is reversed by gate 
1571, so that line GC is rendered FALSE thereby. Also, 
when line MIN is rendered FALSE upon completion of 
the previously-initiated "MI" word-cycle, the state of flip­
flop 6098 is reversed, so that line ROS is thereby ren­
dered TRUE. After line ROS is rendered TRUE, the 
state of flipflop 6061 is reversed when line GC is ren­
dered FALSE, and, as a result, line TH is rendered TRUE 
thereby and remains TRUE for a period of approximately 
two hundred microseconds, at which time the state of 
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flipflop 6061 is again reversed, so that line TH is thereby 
rendered FALSE. As shown in FIG. 61, the state of line 
AD is rendered FALSE at TIME-3 after line TH is ren­
dered TRUE, and thereby causes the digit-counter to be 

5 incremented from a count of "9" to a count of "0." 
During the two hundred-microsecond interval during 

which time line TH is TRUE, line MXW (FIG. 60) is 
rendered TRUE each time the binary bit indicating output 
of the serializer is indicative of a binary "I" as evidenced 

10 by line TDS being rendered TRUE. Consequently, in 
response to lines TSJ and 1M both being rendered TRUE 
when TH is rendered TRUE, a "1M" digit-cycle is initi­
ated, so that the data digit read from the tape is there­
after stored directly into memory at the first-order digital 

15 position of the address indicated by the contents of sec­
tion 3 of the instruction register. Thereafter, the state 
of flipflop 6061 (FIG. l06A) is reversed and lines TH, 
TS3, and 1M are rendered FALSE thereby. 

It is to be noted that, even though line JM is thus ren-
20 dered TRUE, any digit previously stored in the "J" digit­

register is not stored in memory in the normal manner via 
the "1M" digit-cycle, due to the fact that the output of 
gate 1090 is rendered FALSE all during the execution of 
an "EPT" instruction. Consequently, line JM is rendered 

25 TRUE only to cause a digit cycle to be initiated, so that 
the digit read from the tape is directly stored in memory 
via gate 1092, which is controlled by the "EPT" instruc­
tion. It is also to be noted that, even though lines PTF 
and PTS are rendered TRUE and FALSE, respectively, 

30 when line ROS is rendered TRUE, thus releasing the tape­
braking mechanism and thereby permitting the tape to 
thereafter be translated in a forward direction at constant 
velocity, sufficient time elapses before the tape actually 
begins to move, due to the inertia of the moving parts of 

35 the tape reader, to thus allow the data digit initially posi­
tioned over the reading head to be read and thereafter 
stored in the designated address in memory before being 
moved away from the reading head. 

However, when the tape is translated in a forward di-
40 rection (0 the point where the second-order digit is posi­

tioned over the reading head, line (TCL)' from the clock 
channel output circuitry experiences a TRUE-ta-FALSE 
reversal of state. As a result, the state of flipflop 6087 is 
reversed due to a reversal of state of the output of gate 

45 1569, and line GC is again rendered TRUE thereby. At 
TIME-l thereafter, the state of flipflop 6087 is again re­
versed, and line GC is rendered FALSE. When line GC 
is thus rendered FALSE, the state of flipflop 6061 is again 
reversed and line TH thereafter rendered TRUE for a sec-

50 and two hundred-microsecond period, during which time 
the second-order digit read from the tape is stored in the 
seco?d-order digital position of the address in memory 
speCified by the contents of section 3 of the instruction 
register. As shown in FIG. 61, at TIME-J after line TH 

55 is re~dered. TRUE for the second time, the state of line 
,~~ IS agam rendered FALSE and thereby causes the 
digit-counter to be incremented from a count of "0" to a 
count of "1." 
~s long as line ROS remains TRUE, the above-de-

60 scnbed seq~e.nce of events is sequentially repeated until 
the tenth digit read from the tape is stored in the tenth­
order digital position of the address in memory specified 
by the contents of section 3 of the instruction register at 
which time the digit-counter is incremented to a count of 

65 "9" as indicated by line D9 being rendered TRUE. How­
ever, following the third bit-time period after line TH is 
rendered TRUE, the state of line IN4 is reversed from 
TRUE to FALSE. As a result, section 3 of the instruc­
tion register is incremented by a count of "I." There-

70 after, t~e next group of ten digits read from the tape is 
stored m mem~ry at the address now specified by the 
contents of sectIOn 3 of the instruction register. 

A~ter an end-of-frame or an alternate-instruction sym­
bol IS detected, the state of flipflop 6098 is reversed due 

75 to a reversal of state of a corresponding one of lines EOF 
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and AI. Consequently, line ROS is rendered FALSE and 
thereby prevents line MXW (FIG. 60) from thereafter 
being rendered TRUE. After line (ROS)' is thus ren­
dered TRUE, the state of flipflop 6061 is continued to be 
reversed at each TIME-l and thereby causes line TH to 
be rendered TRUE for successive two hundred-micro­
second periods until the digit-counter reaches a count of 
"9." However, in the event the digit-counter is already 
at a count of "9" when a symbol is detected, indicating 
that the address specified by the contents of section 3 of 
the instruction register is completely filled with signifi­
cant digits, the state of flipflop 6061 is prevented by line 
(D9)' from being so reversed. Consequently, a zero is 
stored in each of the higher-order digital positions re­
maining unfilled in the last-designated address when a 
symbol is detected. 

When line ROS is thus renderedF ALSE, line PTF is 
rendered FALSE and line PTS is simultaneously rendered 
TRUE to thereby cause immediate energization of the 
forward tape-breaking mechanism, so that the paper tape 
is brought to a sudden standstill. Also atter line (ROS)' 
is rendered TRUE, the state of flipflop 6107 is reversed 
when line AN is subsequently rendered FALSE, indicat­
ing completion of the previously-initiated "JM" digit­
cycle. When line STD is thus rendered TRUE, one of 
lines TS4 or TS5 is simultaneously rendered TRUE, 
depending upon whether the symbol just detected is an 
alternate-instruction symbol or an end-of-frame symbol. 
If the character just detected is an alternate-instruction 
symbol, the state of flipflop 6095 is reversed, and line 
OBM is rendered TRUE. However, if the character 
just detected is an end-of-frame symbol, the state of line 
OBM remains FALSE. 

It is evident, therefore, that when line STD is rendered 
TRUE, line TS4 is likewise rendered TRUE if an alter­
nate-instruction symbol is detected, whereas line TS5 
is rendered TRUE if an end-of-frame symbol is detected. 
In response to lines STD and TS4 being rendered TRUE, 
a "SID" subinstruction is thereafter executed, whereby 
the contents of section 4 of the instruction register is 
stored in the word-selecting register, whereas, in response 
to lines SID and TSS being rendered TRUE, a "STD" 
subinstruction is thereafter executed, whereby the con­
tents of section 5 of the instruction register is stored in 
the word-selecting register, thus terminating the sequence 
of events initiated in response to the "EPT" instruction. 

It is next assumed that the contents of section 2 of the 
instruction register is "00" and an alternate-instruction 
symbol is positioned over the reading head when the 
"EPT" instruction is first initiated. As before, ,the state 
of flipflop 6098 is reversed, so that line ROS is rendered 
TRUE upon completion of the previously-initialed "MI" 
word-cycle. As a result of line ROS thus being rendered 
TRUE, line PTF is rendered TRUE, whereas line PTS 
is rendered FALSE thereby. Consequently, the fonvard 
braking mechanism of the paper-tape reader is de-ener­
gized, so that ,the paper tape is thereafter translated in 
a forward direction at a constant velocity. However, as 
soon as the tape is transLated forward, so that the alter­
nate-instruction symbol is no longer disposed over the 
reading head, line AI is rendered FALSE, and, as a result, 
the state flipflop 609'8 is again reversed, so that line ROS 
is rendered FALSE thereby. In ,addition, when line AI 
is thus rendered FALSE, the state of flipflop 6095 is also 
reversed, so that line OBM is rendered TRUE thereby. 
In response to line (ROSY initially being rendered 
FALSE, the state of flipflop 6107 is reversed, so that line 
SID is rendered TRUE thereby. Therefore, when line 
OBM is subsequently rendered TRUE as a result of the 
alternate-instruction symbol being moved away from the 
reading head, line TS4 is likewise rendered TRUE. In 
response to lines S'J1D and TS4 being rendered TRUE, a 
"STD" subinstruction is thereafter executed, whereby 
the contents of section 4 of the instruction register is 
stored in the word-selecting register. In addition, line 
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PTF is rendered FALSE and line PTS is rendered TRUE 
as a result of line ROS being rendered FALSE. Conse­
quently, the forward braking mechanism is again ener­
gized in a manner such that the paper tape is brought 

5 to a sudden standstill. 
It is next assumed that, when the "EPT" instruction 

is first initiated, the contents of section 2 of the instruc­
tion register is "00" and ,an end-of-frame symbol is dis­
posed over the reading head. As before, the state of 

10 flipflop @98 is reversed when line MIN is rendered 
FALSE upon completion of the previously-initiated "MI" 
word-cycle, so that line ROS is rendered TRUE thereby. 
As a result of line ROS thus being rendered TRUE, line 
PTP is likewise rendered TRUE, whereas line PTS is 

15 rendered FALSE. Consequently, the forward braking 
mechanism is de-energized, so that the tape is thereafter 
caused to be translated in a forward direction at a con­
stant speed, during which time the data information read 
from the tape is stored in memory in the same manner 

20 as previously described. When an alternate-instruction 
symbol is subsequently detected, the states of both of 
flipflops 6095 and 6098 are reversed, so that line OBM 
is rendered TRUE and line ROB is rendered FALSE 
thereby. As a result of line ROS being rendered FALSE, 

25 line PTS is rendered TRUE, whereas line PTF is ren­
dered FALSE. Consequently, the forward braking mech­
anism is energized, so that the tape is brought to a stand­
still. When line AN is subsequently rendered FALSE 
after line (ROS)' is rendered TRUE, the state of flipflop 

30 6107 is reversed, so that line STD is rendered TRUE. 
As line OBM is also TRUE at this time, line TS4 is 
rendered TRUE when line SID is thus rendered TRUE. 
Thereafter, 'a "STD" subinstruction is executed, whereby 
the contents of section 4 of the instruction register is 

35 stored in the word-selecting register. it is to be noted 
that, if an end-of-frame symbol had been detected, in­
stead of an alternate-instruction symbol, the state of flip­
flop 6098 is reversed, as before, and thereby causes the 
forward braking mechanism to be energized. However, 

40 a "STD" sub instruction is thereafter executed, whereby 
the contents of section 5 of the instruction register, instead 
of section 4, is stored in the word-selecting register. 

It is next assumed that, when the "EPT" instruction 
is first initiated, the contents of section 2 of the instruc-

45 tion register is "01" and 'a data digit is disposed over the 
reading head. Therefore, when line ROS is rendered 
TRUE upon completion of the previously-initialed "MI" 
word-cycle, as before, line PTR is rendered TRUE and 
line PTS is rendered FALSE. Consequently, the reverse 

50 tape braking mechanism is de-energized, so that the tape 
is thereafter translated in a reverse direction at a maxi­
mum constant speed. After the tape is being translated 
in a reverse direction, line GC is sequentially being ren­
dered TRUE and FALSE by flipflop 6087, as before. 

55 However, due to the fact that the low-order digit of sec­
tion 2 of the instruction register is now a "I", so that the 
state of line Lrp is FALSE, the state of line TH remains 
FALSE and thereby prevents 'any data read from the 
tape from being stored in memory at the address specified 

60 by section 3 of the instruction register. When an end­
of-fmme symbol is subsequently detected, the state of 
flip-flop 6098 is again reversed, and line ROS is rendered 
FALSE thereby. When line ROS is thus rendered 
FALSE, line PTR is likewise rendered FALSE, while 

65 line PTS remains FALSE and the tape continues to be 
rewound. Approximately forty microseconds after line 
(ROS)' is rendered TRUE, the state of flipflop 6107 is 
reversed, and lines STD and TS5 are both rendered 
TRUE thereby. Consequently, a "STD" subinstruction 

70 is thereafter executed, whereby the contents of section 5 
of the instruction register is stored in the word-selecting 
register. 

As previously mentioned, line REW is rendered TRUE 
each time the tape is being tran&lated in a reverse direc-

75 lion. Consequently, while the tape is being trnnslated 
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in a reverse direction and the computer is in the process 
of executing another instruction than "EPT," if an al­
ternate-instruction symbol is subsequently detected, so 
that line AI is rendered TRUE, line PTS is rendered 
TRUE to effect immediate energization of the reverse 
braking mechanism and thereby cause the tape to be 
brought to a sudden standstill. .. . .. . 

When the "EPT" instructIOn IS firstlmtJated, If the 
contents of section 2 of the instruction register is "01" 
and an end-of-frame symbol is disposed over the reading 
head, line ROS is rendered TRUE, as before, upon com­
pletion of the previously-initiated "M.l" word.-cy~le. 
When line ROS is thus rendered TRUE, hne PTR IS like­
wise rendered TRUE, and, as a result, the reverse brak­
ing mechanism is de-energized, so th~t th.e paper tape is 
thereafter translated in a reverse dIrectIOn, as before. 
When an end-of-frame symbol is thereafter detected, the 
state of flipflop 6098 is again reversed, and l~nes ROS and 
PTR are both rendered FALSE. ApproxImately forty 
microseconds ·after line ROS is rendered FALSE, lines 
SID and TS5 are rendered TRUE by a reversal of state 
of flipflop 6107. As a result, the ,:ontents of sectio~ 5 
of the instruction register is stored III the word-selecting 
register. The paper tape, however, continues t? be [ra.ns­
lated in a reverse direction until an alternate-instructIOn 
symbol is detected, at which time line PTS is :endered 
TRUE. As previously described, as a result of hnes. PTS 
and PTR 'being rendered TRUE and FALSE, respectively, 
the reverse braking mechanism is energized and thereby 
causes the paper tape to be brought to a sudden stand­
still. 

It will next be assumed that, when the "EPT" instruc­
tion is first initiated the contents of section 2 of the in­
struction register i~ "01" and 'an alternate-instruction 
symbol is disposed over the reading head. As befo:e, 
line ROS is rendered TRUE by a reversal of ·state of flip­
flop 6&98 when line MIN is rendered FALSE upon com­
pletion of the previously-initiated. "MI" :",ord-cycle. 
When line ROS is rendered TRUE, hne PTR IS rendered 
TRUE and thereby causes de-energization of the reverse 
braking mechanism, 80 that the paper tape is thereafter 
translated in a reverse direction. 

When an end-of-frame symbol is subsequently detected, 
the state of flipflop 6098 is reversed, so that lines ROS 
,and PTR are both rendered FALSE thereby. Approx­
imately forty microseconds after line ROS is rend~red 
FALSE, the state of flipflop 6107 is reversed, so that hnes 
STD and TS5 are both rendered TRUE. Thereafter, a 
"STD" subinstmction is executed, whereby the contents 
of section 5 of the instruction register is stored in the 
word-selecting register. Upon subsequent detection of 
an alternate-instruction symbol, line PTS is rendered 
TRUE and thereby causes energization of the reverse 
braking mechanism, whereby the tape is brought to a 
sudden standstill. 

Finally, it is assumed that the paper tape mechanism is 
in a rewinding cycle of operation when the "EPT" instruc­
,tion is first initiated and "00" is stored in section 2 of the 
instruction register. As before, the state of flipflop 6098 
is reversed and line ROS rendered TRUE when line MIN 
is subsequently rendered FALSE upon completion of the 
previously-initiated "MI" word-cycle. When an alter­
nate-instruction symbol is thereafter detected, the states 
of flipflop 6098 and 6095 are both r~versed, so that lines 
ROS and OBM are rendered FALSE and TRUE, respec­
tively. However, approximately forty microseconds after 
line ROS is rendered FALSE, the state of flipflop 6107 is 
reversed, so that lines STD and TS4 are both rendered 
TRUE thereby. Asa result, the contents of section 4 of 
the instruction register is thereafter stored in the word­
selecting register. Also, when the alternate-instruction 
symbol is detected, line PTS is rendered TRUE and there­
by causes the reverse braking mechanism to be energized 
and the tape to be brought to a sudden standstill. 
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88. Detailed Description of Paper Tape 

Punching Operatioll 

There have previously be~a described in detail various 
modes of operations 'capable of being executed by the 

5 computer whereby words indexed into th~ accounti~g 
machine keyboard, or taken from the totalizers therem, 
are subsequently stored in selected addresses in memory 
via execution of an "EKW" instruction; whereby words 
stored in selected addresses in memory are subsequently 

10 printed out on recording media via execution of a "POW" 
instruction; whereby words stored in selected addresses 
in memory are magnetically recorded on a ledger card 
via execution of a "ROC" instruction; whereby words are 
magnetically read from a le,dger card and subsequently 

15 stored in selected addresses in memory via execution of 
an "ECW" instruction; and whereby words are read from 
punched paper tape and subsequently stored in selected 
addresses in memory via execution of an "EPT" instruc­
tion. 

20 There will now be described another mode of opera-
tion capable of being executed by the computer whereby 
wmds stored in selected addresses in memory, or either 
indexed into the keyboard or taken from the totalizers of 
the accounting machine, are subsequently recorded on 

25 punched paper tape. 
H is assumed that, prior to the initiation of a punching 

cycle of operation, the carriage of the accounting ma­
chine is stationary and is located in a columnar position 
such that plate 214 (FIG. 13), hence switch-operating 

30 studs 215 and 216, is positioned adjacent switch plungers 
217 and 218, as illustrated by the dotted lines therein. 
It is further assumed that the 'paper-tape-punching mech­
anism (FIG. :44H) is properly loaded with a suitable sup­
ply of paper tape, and that switch ST43 (FIG. 86) has 

35 previously been closed by the operator, thus causing the 
direct-current power supply, which supplies the necessary 
unidirectional operating potential to the control circuitry 
of the paper-lape-punching mechanism. to be energized 
thereby in a well-known manner. Upon the machine 

40 carriage reaching the just-assumed position, the forward 
extension of plate 214 (FIG. 13) engages the roller por­
tion of the arm 153 in a manner such the arm 153 is 
deflected counter-clockwise, as viewed, to the extent that 
switch SC41 is actuated thereby. When switch SC41 is 

45 (hus actuated, contacts SC41-1 and SC41-2 (FIG. 86) 
are closed, and contacts SC41-3 (FIG. 82) are opened 
thereby. 

It will now be assumed that a cycle of operation of 
the accounting machine has just be'en initiated in re-

50 sponse to an enter-keyboard-words (EKW), print-out­
words (POW), or motor bar (MB) instruction, so that 
the amount racks are subsequently differentially posi­
tioned indicJtive of the word read out from memory, or 
just entered in the keyboard, of taken from a totalizer 

55 of the accounting machine. 
With continued reference to FIG. 86 and also to the 

timing chart shown in FIG. 87C, ,after a cycle of op­
uation of thc accounting machine is initiated, so that 
the main CRm shaft 588 of the machine is rotated clock-

60 wise, as viewed in FIG. 44B, through an angular dis­
tance of approximately 126 degrees from the position 
shown, the contacts of switch SC49 are closed due to 
the engagement of the cam 592 with the actuator there­
of. Closure of the contacts of switch SC49 completes 

65 the circuit throur;h solenoid L47 (FIG. 86) and thus 
effects energizatio-n thereof. "Vith reference to FIG. 13, 
as a result of solenoid L47 thus being energized, its 
orm3ture is caused to be rotated counter-clockwise, as 
vic'i'icd, thereby causing the stud 226 to deflect the lever 

70 223 clockwise and thus shift the switch basket upward­
ly until selected ones of the plungers 217 and 218 are 
respectively engaged with predetermined ones of the studs 
215 and 216. As a result of such engagement, prede-

75 termined ones of the plungers 218 in the rightmost row 
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and predetermined ones of the plungers 217 in the left­
most row are simultaneously depressed and latched in 
their downwardly-deflected positions, and, additionally, 
remaining ones of any previously-depressed and -latched 
plungers are caused to be released simultaneously there- 5 
with. After the main cam shaft of the machine is ro­
t'ated through an angular distance of approximately 168 
degrees, the movable arm of switch SC48 (FIG. 44B) 
is effectively deflected downwardly due to the engage­
ment of the cam 592 with its actuator. When the mov- 10 
able arm of switch SC48 is deflected downwardly from 
the position shown in FIG. 86, solenoid L47 is de-ener­
gized, whereas solenoids L45 and L46 are both caused 
to be energized thereby. With reference back to FIG. 
13, when solenoid L47 is thus de-energized, thc switch 15 
basket is spring-urged back to its initial starting posi­
tion, as shown. As 'a result of the basket return, the 
electrically-non-conductive tip 22.8, carried on the low­
ermost end of each of the plungers 217 and 218, engages 
and thus deflects downwardly the topmost one of a cor- 20 
responding stack of switch blades 229, which stacks are 
arranged in twenty rows, with each row corresponding 
to a different one of the plungers 217 and 218. It is 
appreciated, of course, that there are ten of the plungers 
217 arranged in a leftmost row ·and there are ten of the 25 
plungers 218 arranged in a rightmost row. When the 
uppermost one of the switch blades 229 is deflected down­
wardly, all of the switch blades located in that pm·ticu-
lar stack are electrically connected together until the 
solenoid L47 is ·again energized and thereby again callses 30 
the switch basket to be moved upwardly in the same man-
ner as previollsly described. 

With reference to FIG. 45D, there is illustrated there-
in a block diagram of the electrical circuitry which is 
utilized by the paper-~ape-punching mechanism and 35 
which is substantially identical with that shown and de­
scribed in co-pending United States patent application 
Serial No. 634,260, filed by Richard C. Simmerman and 
:rvlelvin T. Roudebush on January 15, 1957, and as­
signed to the present assignee, now United States Pat- ·10 
ent No. 2,922,141, issued January 19, 1960. The tape­
punch control circuitry, the rear form bar circuitry, and 
the rack read-out circuitry are herein shown and de­
scribed in detail with respect to FIGS. 86, 13, and 3B, 
respectively. Due to the fact that a detailed description 45 
of the program selection, serializer, ·and punch magnet 
control circuitry is to be found in the just-mentioned co­
pending application, a further detailed description there-
of is not deemed necessary to again be given herein. 
Suffice it to say that the pattern of selective closure of 50 
the switches 229 (FIG. 13) causes a predetermined tape­
punching program within the paper tape recorder to be 
selected in the same manner as described in the just-men­
tioned co-pending application. 

Just prior to de-energization of solenoid L47, the vari- 55 
OUS8molmt racks are assumed to be differentially posi­
tioned indicative of a word just read from memory, just 
entered from the accounting machine keyboard, or just 
taken from a selected one of (he totalizers of the ma­
chine, all in the same manner as previously described 60 
with respect to the "EKW," "POW," and "MB" instruc­
tions, so that the aligner bar 72 (FIG. 3A) is in engage­
ment with the :aligner notches formed on the lower end 
of the member 58. Thus, with reference now to FIGS. 
3B and 9, when the solenoids L45 and L46 are ener- 65 
gized, the shaft 197 is rotated clockwise, as viewed in 
FIG. 3B, so that the switch basket 171 is lowered there-
by to a position sufficient to cause engagement of the 
lowermost end of one of the spring clip members 18·" in 70 
each of the ten columns .thereof, as illustrated in FIG. 
9, with a corresponding raised cam surJiace 205, which 
is formed on the topmost side of the rightmost end of 
each of the extensions of the: amount mcks. Conse­
quently, due to such engagement of the spring clip mcm- 75 

228 
bel'S 184 with the cams 205, corresponding ones of the 
members 184, one in each column, are latched in an up­
wardly-deflected ,position, all in the manner previously 
described. Thereafter, the latched clip members coIlec­
tively represent the differentially-set digital valued posi­
tions of the amount racks. 

After the main cam shaft of the accounting machine 
is rotv.ted an angular distance of approximately 182 de­
grees, the actuator or the switch SC49 (FIG. 44B) is 
released from engagement with the cam 592. As a re­
suit of the release of the actuator of the switch SC49, 
the contacts thereof me thereby opened. With reference 
back to FIG. 86, when the contacts of switch SC49 are 
opened, as shown, solenoids L45 and L46 are de-ener­
gized thereby. As a result of solenoids L45 and L46 
thus being de-energized, the lower switch basket 171 
(FIG. 3B) is caused to be spring-urged upwardly, so 
that all latched ones of the c1ipmembers 184 are there­
by brought into cnga.gement with, and thus short-circuit, 
corresponding ones of the spring-clip members 177, all 
in the same manner as previously described with respect 
to FiG. 12. 

When the main cam shaft of the accounting machine 
is rotated an angular distance of approximately 213 de­
grees, the cam 593 (FIG. 44G) engages the actuator of 
~witch SC42, so that its normally-opened contacts are 
closed thereby. With reference to FIG. 86, due to the 
fact that relay solenoid K3 is normally energized, so 
that contacts K3-3 are closed thereby, relay solenoid Kl 
is caused to be ener.gizcd when the contacts of switch 
SC42 are thus closed. When relay solenoid K1 is ener­
gized, contacts Kl-l are opened and thereby cause a 
300-ohm resistor to be connected in series with relay 
solenoid Kl, con~acts Kl-2 are closed, contacts Kl-3 
are opened, contacts KI--4 are closed, contacts KI-5 
are opened Gnd thereby cause relay solenoid K3 to be 
de-energized, contacts KI-6 are closed and thereby 
maintain relay solenoid Kl energized,and contacts 
Kl-7 (FIG. 82) are opened and thereby cause the state 
of line GO to be rendered FALSE, thus indicating that 
a punching cycle of operation is just initiated. At ap­
proximately 264 degrees of rotation of the main cam 
sh"ft, the actuator of switch SC42 (FIG. 44G) is re­
iensed by the cam 593, so that the contacts of switch 
scn are allowed to open as illustrated in FIG. 86. 

After relay solenoid K1 is energized, the accounting 
machine independently continues to complete its cycle 
of operation in the same manner as previously described. 
However, in response to relay solenoid Kl thus being 
energized, a cycle of operation of the punching mech­
anism is thereafter executed in the same manner as de­
scribed in detail in the before-referred-to co-pending ap­
plication Serial No. 634,260, whereby the amount col­
lectively represented by the short-circuited conditions of 
the spring clip members 177 is caused to be recorded 
on the paper tape via the paper-tape-punching mecha­
nism shown and described in detail with respect to FIG. 
44H. 

If it is assumed that the word indexed into the ac­
counting machine keyboard, as collectively represented 
by the short-circuited conditions of the spring clip mem­
bers 177 (FIG. 3B), is a negative amount, as indicated 
by a depression of the reverse-entry key, the movable 
arm of switch SC46 (FIG. 44A) is actuated, so that 
its normally opened contacts are closed upon depres­
sion of the reverse entry key REV. Wi,th reference to 
FIG. 86, as the contacts of switch SC46 me thus closed 
prior to the closure of the contacts of switch SC42, relay 
solenoid K5 is energized simul~aneously 'with relay sole­
noid Kl when the contacts of switch SC42 are subse­
quently closed in the manner just described. When re­
lay solenoid K5 is thus energized, contacts K5-1 are 
opened, whereas contacts K5-2 are closed and thereby 
maintain relay solenoid K5 energized even though COll-
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tacts SC42 are subsequently opened. In response to rc­
lay solenoid K5 thus being energized, a symbol repre­
senting an opposite algebr,ai'~ sign to that which was pro­
gram-selected is punched in the paper tape. 

However, if it is assumed that the word stored in 5 
memory to be subsequently read out and recorded on 
punched paper tape is the complement of a negative 
number, a different sequence of events from that just 
described is initiated. As previously described with re­
spect to FIG. 37, a credit-balance cycle of operation is 10 
automatically initiated when solenoid CBS is selectively 
energized. Also, when credit balance key "CR. BAL." 
(FIG. 2) is depressed, a credit-balance operation is carried 
out when 'a cycle of operation of the 'accounting machine 

230 
program the computer is currently in the process of 
executing. 

For example, when push button S¢1-S¢2 is depressed, 
the word-selecting register is preset to "00" via line PW.p. 
Immediately thereafter, the word stored in memory ad­
dress "¢rfJ" is read out and stored in the instruction regis-
ter, and the particular cycle of operation dictated by that 
particular instruction word is thereafter executed. When 
push button SU-S12 is depressed, the word-selecting 
register is preset to "01," via line PWl, and the particular 
cycle of operation dictated by the word stored in memory 
address ".pI" is immediately executed there::fter. How­
ever, when push button SP1-SP2 is depressed, the in­
struction register is preset to 0000009900. Immediately 

is subsequently initiated. 1.) thereafter, the particular cycle of operation dictated by 
thc contents of the instruction register is executed; i.e., 
"Enter-keyboard-words into memory addresses ¢¢ 
through 99 with an upper motor bar 'touch' operation 

As previously described with respect to FIGS. 44D 
and 44F, when a credit-balance cycle of operation is 
initiated and the main cam shaft thereafter rotaled an 
angular distance of approximately thirty degrees, the 
overdraft cam &haft 601 is coupled through the gear 604 20 
to the main cam shaft 588 in such a manner that the 
overdraft cam shaft is thereafter rotated at exactly one 
half the speed of the main cam shaft. Thus, when a 
machine cycle is initiated and the overdraft cam shaft 
601 thereafter is rotated an angular distance of approxi- 25 
mately ten degrees, the normally-closed contacts of 
switch SC45 (FIG. 44C) are released by the cam 612 
and are thus opened thereby. With reference to FIG. 
86, when the contacts of switch SC45 are opened, relay 
solenoid Kl is prevented from being energized and there- 30 
by initiating a tape-recording operation during the first 
cycle of the credit-balance operation of the accounting 
machine. However, after the overdraft cam shaft is ro­
tated through an angular distance of approximately 165 
degrees, during which time the main cam shaft is ro- 35 
tated one complete revolution, the contacts of switch 
SC45 'are caused to be dosed by the cam ,612 ,and remain 
closed during the second cycle of the credit-balance op­
eration of the accounting machine. Thus, relay sole­
noid Kl is allowed to be energized in the manner pre- 40 
viously described only during the second cycle of op­
eration of the accounting machine when a credit-balance 
operation is being carried out. 

After the overdraft c'am shaft 601 is rotated an angu-
lar distance of approximately 260 degrees, the normally- 45 
opened contacts of switch SC47 (FIG. 44E) are caused 
to be closed by the cam 613. With reference to FIG. 
86, when the contacts of switch SC47 are closed, relay 
solenoid KS is thereafter permitted to be energized when 
contacts SC42 are subsequently closed and thereby cause 50 
energization of rel,ay solenoid Kl in the same manner as 
previously described. Energization of relay solenoid 
K5 causes contacts K5-2 to be closed and thereby main­
tain relay solenoid K5 energized, as before. After relay 
solenoid K5 is ener~gized, the cycle of operation subse.. 55 
quently carried out is exactly the same as just described 
with respect to the "reverse-entry" cycle of operation. 
After the overdraft shaft is rotated an angular distance 
of approximately 290 degrees, relay solenoid K5 remains 60 
energized even though the contacts of switch S047 are 
caused to be opened by the cam 613. 

89. Operator Controls 

and a normal decimal-point lamp illumination." When 
reset push button RSI is depres!lCd, the states of substan­
tially all of the control-counter flipflops are simultaneous-
ly so conditioned that the reference outputs thereof are 
thereafter rendered FALSE via line (RS)'. Thereafter, 
the computer remains in a standby or neutral condition 
until one of push buttons S¢l-S¢Z, S11-S12, or SPl­
SP2 is subsequently depressed. Also, as previously de-
scribed, when the computer is first turned "ON," a neu­
tral or standby condition is effected by line (RS) '. After 
the computer is in a neutral or standby condition, de­
pression of one of push buttons S¢I-S¢2, Sll-S12, or 
SPl-SP2 is necessary in order to initiate a subsequent 
cycle of operation thereof. 

Located on the right side of the control panel 15 are 
two additional push buttons, ATI-AT2 and MN1-
MN2, which, when depressed, respectively condition the 
computer for a subsequent automatic or a manual mode 
of operation. For el<ample, when automatic-mode push 
button AT1-AT2 is depressed and locked, the computer 
thereafter successively carries out the dictates of one in­
struction word after another in a fully automatic manner. 
That is, upon the execution of each instruction, the next 
successive instruction is executed without substantially 
any delay therebetween. When manual-mode-selection 
push button MNI-MN2 is depressed, the automatic­
mode-selection push button, if depressed, is released, and 
the word stored in memory at the address specified by the 
contents of the word-selecting register is thereafter read 
out and stored in the instruction register, and the particu-
lar cycle of operation dictated by that particular instruc­
tion word is thereafter executed. Upon the execution of 
that particular instruction, all subsequent operations with­
in the computer cease until the manual or automatic 
mode-selection push button is thereafter depressed. Thus, 
the manual mOde-selection push button is capable of be­
ing utilized whenever it is desired for the computer to 
proceed through a program in a step-by-step manner. 

Also located on the control panel 15 are five columns 
of lamps, with four lamps per column, which provide a 
visual indication, in 'binary-coded-decimal form, of the 
two-decimal-digit numbers stored in sections I and 5 of 
the instruction register. For e~ample, counting from left 
to right, the lowermost lamps in columns # 1 and #2 are 
simultaneously illuminated whenever the contents of sec-

As previously mentioned with respect to FIG. 1, lo­
cated on the front of the right-hand portion of the com­
puter oabinet is a control panel 15, having mounted 
thereon four push button controls, S¢1-S¢2, Sll-S12, 
SP1-SP2, and RSl, each of ,which, when depressed, 
initiates ,a particular cycle of operation of the computer. 
That is, when either of the four just-mentioned push 
buttons is depressed, the particular cycle of operation 
associated with that particular push button is thereafter 
carried out, regardless of the particular portion of the 

65 tion 1 of the instruction register is "11 "; the lowermost 
lamp in column #: 1 and the uppermost lamp in column 
#2 are simultaneously illuminated whenever the con­
tents of section 1 of the instruction register is "18"; the 

70 two uppermost lamps in columns #4 and #5 are simul­
taneOllsly illuminated whenever the contents of section 
5 of the instruction register is "88"; the two uppermost 
and the two lowermost lamps in columns #4 and #5 are 
simultaneously illuminated whenever the contents of sec-

75 tion 5 of the instruction register is "99"; and so on. 
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With the exception of push button RSl, which has 

previously been shown and described in detail with rc­
spect to FIG. 76, there is logically illustrated in FIG. 84 
the electrical circuitry associated with each of the jusl­
described push buttons. When either one of the push 
buttons is depressed, the state of a corresponding one of 
flipflops 6134 through 6139 is reversed, so that the slale 
of the reference output line therefrom is rendered 
TRUE. However, when that particular push button is 
released, the state of the corresponding flipflop is again 
reversed, so that the reference output therefrom is ren­
dered FALSE. In view of the foregoing detailed de­
scription of the logical circuitry associated with each of 
the various instructions, it is readily determinable that, 
when the reference output of anyone of flipflops 6134 
through 6139 experiences a TRUE-to-F ALSE reversal 
of state, the particular cycle of operation associated with 
the corresponding push button is thereafter executed, 
whereby the before-stated end results are attained; con­
sequently, a further detailed description of the cycle of 
operation initiated by depression of each of the foregoing 
push buttons is not deemed necessary in order to insure 
a full and complete comprehension of the various novel 
a~pects of the present invention. 

90. Detailed Description of a Payroll 
Program Application 

In order to facilitate a more complete understanding 
and appreciation of the overall features and functions of 
the vmious aspects of the present computer as to its adapta­
bility and applicability to be effectively utilized in sub­
stantially any of the various record-keeping s),stems, 
an exemplary application with respect to a typical pay­
roll record-keeping and check-writing operation will next 
be described. 

It is first assumed that a typical employee's earnings 
record or ledger card, such as that illustrated in FIG. 
88A, is to be utilized and, in addition to the two posting 
lines of information previously printed on its face, as 
illustrated, also has magnetically recorded on the ferro­
magnetic strip 306 the employee's clock number, earn­
ings rate, number of dependents, union dues, community 
chest deduction, bond deduction, credit union deduction, 
insurance deduction, ,annuity deduction, total gross earn­
ings to date, total Federal tax to date including income 
tax and F.I.C.A., total city tax to date, total annuity to 
date, total F.I.C.A. deductions to date, total earnings to 
date at the end of the previous quarter, and "proof total." 
It is further assumed that it is desired for the computer 
to electronioally calculate the information identified by 
the columnar headings of the ledger card and to auto­
matically cause the information to be printed out on the 
card below the second illustratively-shown posting line. 
H is also assumed that it is desired for the above infor­
mation to be simultaneously posted on a journal sheet and 
that the net ,amount of the employee's computed pay be 
'automatically printed out on a payroll check; after the 
results are calculated ,and printed out, the ledger card is 
automatically ejected, and the computer is thereafter 
properly conditioned so as to be ready to receive the next 
employee's ledger card, which is manually fed the'reinto. 
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Instruc-
tlOll 

word 
sYJu:Jol 

SJU' _____ 

EOW ____ 

SL:M ____ 

CFE ____ 

EKW ___ 

OFE ____ 
MIL ____ 
1'0W __ 
J\ID]) ___ 

EKW ___ 

MUS __ 

MUS ____ 

POw ____ 

MDD ___ 

EKW ___ 

ADD ____ 

SUB _____ 

Olo'l\L __ 

SIIF _____ 

1\1DD ___ 

SllE' _____ 
l\'1TS ____ 

ADD ____ 

CFJ\L ___ 

SUB _____ 

A])D ____ 

ADD ____ 

1'OW ____ 

ADD ____ 

MUS ____ 

POw ____ 
ADD ____ 

POw ____ 

MB. _____ 

1'OW ____ 

1'OW ____ 

ADD ____ 

ADD ____ 

ADD ____ 

ADD ____ 

ADD ____ 

ADD ____ 

1'OW ____ 

ADD ____ 

ADD ____ 

pow ____ 
ADD ____ 
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Liter,]l instruction 

Ac 
t 

S(, 

eess thc init ializing rou-
,inc. 
JH' in memory t1lC "ron15 
'('ad frorn the ledger c~U'd. 1 

.su mmurize t.he word~ read 
rom the ledger card for 
)1'oof. 

f 
I 

Co 
I 

En 

mf1~ro the sum with the 
lroof total. 
ler clock number from 
imc card. t 

00 mparc clock numbers ____ 
He 
l'r 
M 

turn to horne position._ 
int out ProgrcLm NnmbcL 
ul'iply hourly earnings 

I "ate hy overtime factor. 
Iter regular hours, over~ El 
t 
i 
t 

iJTIe hourst olher earn-
Ilg~, nliscel1aneous d~duc-
if)n:". 
nltiply earnings rute by :r.cf 

I 
;>'1 

o 
Pr 

"egular hours. 
ultiply on'rUn1e rate by 
v('rtime houTs. 

int out reguh'lr f'arnings 
md overtime eurnings. 
llltiply number or de-
lendents by I a.oo. 

1\'1 
1 

Pr 
( 

At 

int out gTO~~ parnir~gf1 
,;lIb-lolal" X" totalizer). 
Id gross carnings to tolal 
ro~s carnings to dtltO. 
btraet 

g 
Sll 

g 
}), 

tax: credit fronl 
roos ___ earnings. 
~~ermin(' if Htljustl'd ~TOSS 
,ofjual to ur greater (ban 
t'ro. " 00 py .00 for withholding 
ax. t 

]\; ultiply aLljnsted gross by 
ax rate. 
py gro~s rarnings _________ 

t 
00 
M 

1 
Ad 

1 
D. 

t 
g 

Su 

uHiply gro::s earnings 1y 
c.I.O.A. rato. 
d F.I.O.A. deduction to 
'.I.O.A. to date. 
·'trrmine if new F.I.O.A. 
0 date is equal to or 
reater tklll $120.00. 
btnwt F.I.O.A. to date 
rom $120.00. 
III F.l.O.A. 11cduutian to 
f 

A, 
1 

Ad 
1 

Pn 
I. 

<.I.O.A. to date. 
11 witbholdin.,; tax to 
~.1.C.A. (kdllctil:-,n. 
'n! ant Federal tax drduc-
ion. 
d Federal tax to F(~lleral Ad 

t 
Mu 

c 
Pr 
Ad 

c 
Pr 

ax t.o date. 
ltillly gross earnings hy 

ity tax rate. 
int out dl,y tfiL ___________ 
d city tax <h'duction to 

oilY tax to date. 
int out union dues and 
ommunity che.st c 

t 
11'10 

deduc-
ions. 
ye accounting Ill::whinc 

'arriage to column #18. c 
Pr 

n 
Pr 

a 
Ad 

t 
Ad 

d 
( 

Ad 
t 

Ad 
t 
1 

Ad 

int out hond and credit 
nioH de duet iOIlS. 

int out insurance and 
nnuity deductions. 
d ulliPll dues (kduction 
o uniun d11('S to dute. 
d Community CIll'st dc-
l.H:tiQll to OOllllnunHy 
~h{'st dc·ductinns to date'. 
d bond d,>duclion (0 

)011(1 d('duc~ ions to date. 
d crrdij, union d('durtion 
o cf{~tlit union deduct ions 
o date. 
d insurance deduction 
0 insurance deductions 
o datc. 

t 
t 

Ad 
a 
d 

Pri 

d annuity deduction 10 
nnuit y deductions to 
a(c. 
nt out nli~ccllaneou8 (]C'-
uction. 
d 

d 
Ad 

t 
d 

Ad 
a 

miscellaneous d"duc-
ion to nlit3crllaneolls de-
uution" to date. 
d anBuit,y dt'duetion to 
nnuity deductions to 
ate. 
nt out fourtot.ls to date __ 

d 
Pri 
Ad 

II 
d advance (aelor to c!Jeck 
umlJer. 

It is further assumed, in accordance with standard pro­
gramming techniques, that the particular arithmetic op­
erations necessary to derive the necessary mathematioal 
results of such a payroll application are determined; 
that all arithmetic data-input and data-output format­
control steps are arranged lin a logical sequence as ex­
empl~fied in the following chart; and that the literal in­
structions are em:oded into computer language in the 
focm of corresponding instruction words, also exempli­
fied in the following chart, with each instruction word 
having a format corresponding to that previously described 
in detail. 

nt out amount of net 
o;y (totnl ~j X" totalizer). 
TIt out elteck numbeL ____ 

TI1urize ,vords for proof 
tal. " ~;;:I ~,~ 

l'I'Iem-
ory Instruction and 

address data words 
location 

00 04 00 00 00 70 

01 02 63 70 85 02 

02 10 05 70 84 03 

03 16 95 85 01 04 

04 00 40 05 95 51 

05 16 85 70 06 07 
06 06 30 00 00 01 
07 01 20 04 94 08 
08 12 71 63 99 52 

09 00 20 95 98 10 

10 13 35 71 95 11 

11 13 35 99 96 12 

12 01 20 05 96 13 

13 12 72 55 96 14 

14 00 23 95 95 15 

15 08 95 79 79 16 

16 Og 95 96 96 17 

17 15 96 62 19 18 

18 01 00 62 96 20 

19 12 96 56 96 20 

20 01 00 95 97 21 
21 13 35 57 95 22 

22 08 83 95 99 23 

23 15 99 58 24 25 

24 09 58 83 95 25 

25 08 95 83 83 26 

26 as 96 95 96 27 

27 01 20 96 96 28 

28 08 96 80 80 29 

29 13 35 59 97 30 

30 01 20 97 97 31 
31 08 97 81 81 31 

32 01 20 173 74 36 

33 (J6 40 00 00 35 

34 01 20 75 76 38 

35 01 20 77 78 40 

36 08 73 86 86 37 

3, 08 74 87 87 35 

38 08 75 88 88 39 

39 08 76 89 89 35 

40 08 77 90 90 41 

41 08 78 91 91 42 

42 01 20 98 98 43 

43 08 ~8 92 92 44 

44 08 78 82 82 45 

45 01 20 79 82 46 
46 08 93 61 93 47 

47 06 20 00 00 48 

48 01 10 93 93 49 
49 10 85 70 84 50 
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Instruc-I 
tion 
word 

symhol 

ROC_. __ 

SHF_ .. __ . 

StH'_. __ _ 

CFE ___ _ 

POW ___ _ 

CFE ... __ 

EK\V __ _ 

SHF ____ _ 

ADD ___ _ 

CMA. __ _ 
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Literal instruction 

RCC'Ofds 'words 
curd. 

on le(l~er 

81tHt dock num1cr two 
phces to the rkht. 

Shift clock num ber eight 
places to tbe l('ft. 

Det('nninc if the £l.x('cDtion 
alert di;it is eqnal to' 7(,l'O. 

COllY ferty hours into teIll.~ 
porary stof8.::e address. 

\"ithholding tax exelIlntion 
factor; Le., $13.00. . 

\Vithholulng iax ratc; Le., 
18%. 

F.I.C.A. rate; i.e" 2.5C;~_ ' __ ' 
F.I.C .. A. rnaxinllllll; i.c.~ 

~120.00. 
City tax rntf'; LO. t 0.5% ______ 
Constaot of '10 hour.' .. ______ 
Check nrnnbcr advance 

factor; Lr., 1. 
CI}Ilstant .. 0" _______________ 
OvertiIne rartor; i.eo, IJ,i. ____ 
Clear mis(('lIaneous. J.educM 

tion ad.lress. 
Print out forty·hour con· 

stant. 
Move accounting maddne 

carria~c to (;olmnn #11. 
Determine if e-.:cention 31ert 

di.;rit i~ equal to·"1." 
Con~tallt "'I" _____ MMM ___ M ___ 
Enter regular honrs and 

overtime hours into key-
board. 

Enter 13,t check nU111ber 
and pro:.::ram nunlbcr into 
keyboard. 

811ift the progratn number 
two pluces to the right. 

Add program numb(:r to 
contents of address·3!. 

Clear accumul:.1tion ad-
drc::.scs. 

I Mcm-cry Instrnction fJl1U 
uddrC':"s dat~ ,vonls 
location 

I 

00 \70 GO 03 9.,1) 

51 0'( '12 I 95 P5 

52 01 28 I 95 P5 

[;3 1G 95 I ~2 m 

5-1 Ol 00 CO j D;:; 
I 

5.1 00 00 00 13 

fiG 00 00 00 00 

57 on 00 on 2fi 
58 00 00 Oil I~O 

fig 00 00 00 05 
60 00, Oil 011 ! 40 
til 00 110 00 . 01 

02 00 Oil 00 00 
os 00 nu 00 ill 
G4 05 OD OS VS 

G5 OJ 20 60 60 

UO 00 43 
! 
~G 96 

67 16 95 68 09 

GS 10 00 (JO I 00 
G9 00 40 95 Btl 

70 00 . 00 93 94 

71 04 42 04 95 

72 03 95 

:~ I :~ 73 05 00 

I 
Memory Addres!les: 

Words read from 'ledger 
card and stored in 
memory: Contents 

70 ______________ Clock No. 
7L _____________ Rate. 
72 ______________ No. of Dep. 
73 ______________ Union Dues Ded. 
74 ______________ Comm. Chest Ded. 
75 ______________ Bond Ded. 
76 ______________ Credit Union Ded. 
77 ______________ Insurance Ded. 
78 ______________ Annuity Ded. 
79______________ Earnings to date. 
80 ______________ Fed. Tlax to date. 
8L_____________ City Tax to date. 
82 ______________ Annuity to date. 
83 ______________ FJ.C.A. to date. 

01 

05 

53 

54 

CJ 

00 

13 

00 
00 

on 
01] 
00 

00 
:)0 
10 

C6 

64 

60 

00 
(;4 

71 

72 

73 

OJ 

84 ______________ Prevo Qtr. Earnings to date. 
85 ______________ Proof Totru. 

86 __________________ Uillon Dues Accum. 
87 __________________ Comm. Chest Accum. 
88 __________________ Bond Accum. 
89 __________________ Credit Union Accum. 
90 __________________ Insurance Accum. 
9L _________________ Annuity Accum. 
92 __________________ Misc. Accum. 
93 __________________ Last Check No. 
94 __________________ Program No. 
95 __________________ Temporary Storage. 
96 __________________ Temporary Storage. 
97 __________________ Temporary Storage. 
98 __________________ Temporary Storage. 
99 __________________ Temporary Storage. 

The insNuction words initially stored in memory ad­
dresses 7 rp through 73 are utilized only one time in the 
program; Le., at the beginning thereof. After the con­
tents of memory addresses 7rp through 73 are once uti­
lized,t!he addresses are thereafter utilized for subsequent 
storage of data words therein, as illustrated above. 

5 

10 

15 

20 

25 

30 

35 
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It is further assumed that the journal sheet and the 

pay-cheek-statement combination (FIGS. 88F and 88G) 
are properly positioned in the accounting machine car­
riage, ready for a posting operation thereon, as illus­
trated in FIGS. 88D and 88E; that the just-mentioned 
forms either are composed of suitable carbonless paper, 
such as that currently manufactured by the present as­
signee as "N C R" paper, or have disposed therebetween 
suitable transfer means in acrordance with conventional 
p!1actice: that, in accordance with the ,teachings of the 
previously-referrecl-to United States Patent No. 2,626,-
749, the various carriage stops are each assembled in the 
manner diagrammatically illustrated in FIGS. 88D and 
88E and me properly positioned on the front form bar 
of the accounting machine corresponding to the columnar 
format of the journal and pay-check-statement disposed 
in the carriage, and also corresponding to the columnar 
format of the ledger card which is subsequently to be ad­
ditionally positioned in the carriage; and that an lauto­
matic mode of opc!1ation of the computer is desired, as 
evidenced by push button ATI-AT2 (FIG. 1) being ini­
tially depressed by the operator. 

Assuming that all of the above-mentioned conditions 
are satisfied, the carriage return key "CAR. RET." (FIG. 
2) is thereafter depressed in order to initiate a tabula­
tiQn cycle of operation of the acconnting machine, where­
by the carriage is returned to the home position stop, 
the home position stop being the leftmost stop on the 
form ba'r as viewed from the front of the machine and 
also as diagrammatically illustrated in FIG. 88D, disposed 
directly above column # I. After the carriage has 
reached home position, start-preset push button SPI-SP2 
(FIG. I) is deprcssed. In response to the start-preset 
push button being depressed, the instruction register is 
preset to 0000009900, and, in addition, enter-keyboard­
words lamp "EK" (FIGS. 1 and 2) is illuminated to 
provide a visual indication to the operator that the com­
puter is now properly conditioned to sequentially receive 
into memory each of the seventy-four instruction and 

40 data words shown in the just-preceding chart. There­
after, the just-mentioned words, starting with 04000·(){}(}70 
and ending with 0500869201, are sequentially indexed 
into the keyboard, and resume-program-bar rpb is de­
pressed after each word is indexed into the keyboard. 

45 Consequently, as a result of each of the seventy-four in­
struction and data words having been sequentially indexed 
into the keyboard, with each being followed by a resume­
program-bar depression, the program is thereby stored in 
memory addresses ¢¢ through 73, the first instruction 

50 word in the program (0400000070) being stored in 
address-rprp, and the last instruction word in the program 
(0500869201) being storeu in address-73. 

After the payroll program is properly stored in memory 
addresses ¢rp through 73, push button Srpl-Srp2 (FIG. I) 

55 is depressed and thereby causes the word-selecting regis­
ter to be preset to "00." Immediately thereafter, the 
instruction word in address-¢¢ is read out and stored in 
the instruction register. In response to a "04" thus being 
stared in section 1 or the instruction register, a shift 

GO instruction (SHF) is thereafter executed whereby the 
word stored in address-¢<t> is simply rend .out and copied 
back in address-¢¢ and the contents of section 5 of the 
instruction register-Le., "70"-is thereafter stored in the 
word-selecting register in the same manner as previously 

G5 described. Immedbtely thereafter, ,the instmction word 
stored in address-7¢ is read out and stored in the instruc­
tion register. As the contents of section 1 of the instruc­
tion register is now "00," enter-keyboard-word lamp "EK" 
is again illuminated. After the enter-keyboard-word 

70 lamp is illuminated, the preceding payrolJ check number, 
say 50230, is indexed into the keyboard and the resume­
program-balr subsequently depressed. As a result, the 
word (}000050230 is stored in nddrcss-93, and enter­
keyboard-",'ord lamp "EK" is again illuminated, indicating 

75 that another word is to be entered into the keyboard. 
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As illustrated in the top leftmost portio;} 01£ the exem­

plary ledger card shown in FIG. 8SA, if the fixed deduc­
tions with 'respect to the employee for this particular pay 
period are union dues, community chest, insurance, and 
annuity, the program number is indicated by the numeral 
"I"; if the fixed deductions for this particular pay period 
are insurance and annuity only, the program number is 
indicated by the numeral "2"; however, if (he fixed deduc­
tions for this particular pay period are bond, credit union, 
insurance, and annuity, the program number is indicated 
by the numeral "3." 

Therefore, if it is assumed that the fixed deductions 
relating to this particular employee for this particuhr 
pay period are bend, credit unit, insurance, and annuity, 
a "3" is indexed into the "dollar" amount ro·.v of the 
keyboard. Upon subsequent depression of the resumc­
program-bar, the word 0000000300 is stored in address-9,J, 
and, immediately thereafter, the instruction word stored 
in address-71 is readout and stored in the instruction 
register. In response to the word now stored in the in­
struction register, a "SH.F" instruction is thereafter exe­
cuted whereby the contents of address-94 is shifted two 
digitalpcsitions to the right, and the ~·esult-i.e., 
OO{)OOOOOO3-is stored in address-95. Immediately there­
after, the word stored in addrcss-72 is re~d out and stored 
in the instmction register. In response to the word now 
stored in the instruction register, an "ADD" instruction 
is thereafter executed, whereby the word stored in address-
95-i.e., OOooOOOOm-is added to the word stored in 
address-31-i.e., 0897818131-and the result-i.e., 
0897818134-is stored back in address-31, which, in effect, 
causes the numeral "3" to be adJed to the low-order digit 
of the fifth section IOf the instruction woml stored in 
address-31; thereafter the instruction word stored in 
address-73 is read out and stored in the instruction reg­
ister. In response to the word now stored in the ins:ruc­
tion register, a "CMA" instruction is thereafter executed, 
whereby memory addresses 86 through 92 are cleared ;]nd 
the instruct.ion word stored in address-</> 1 is thereafter 
read out and stored in the instruction register. 

Due to the fact lhat lll.! two-tl;.:cimal-digit number now 
~tored in section 1 of th,~ instruction rcgioter is "02," 
enter-card-words lamp "EC" (FIGS. 1 :md 2) is il!nmi­
nated, thus indicating that the computer is, at this time, 
properly {:onditioned and ready to receive the inform,l­
tion magne,tically recorded on the employee's leuger card, 
which, in this instance, comprises the employee's clock 
number, rate of pay, number of dcp<!nd;:nts, union dues 
deduction, community chest deduction, bond deduction, 
credit union deduction, insurance deduction, annu:ly de­
duction, earnings to date, Federd tax to date, city t;\X to 
date, annuity to date, F.I.C.A. to date, earnings to date 
at the end of the previous quarter, and proof total. 
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ter. Thereafter, enter-card-words ,lamp "EC" is again 
illuminated, indicating that a reading error has occur,red 
and that the ledger card just read should be removed 
manually and again be inserted into the card-handling 

5 portion of the computer, as before. 
If it is assumed that the summation of the card words 

is in agreement with the proof total, so that the word 
stored in address-¢4 is read out and stored in the instruc­
tion register, an "EKW" instruction is executed, whereby 

10 the employee's dock number, indexed in amount rows 
#3 through #7 of the keyboard, is stored in address-95. 
Thereafter, the clock number stored in address-95 is 
shifted two places to the right and stored in address-85. 
Upon completion of the shifting operation, the clock num-

15 bers stored in addresses 7¢ and 85 are compared for 
equality. If the clock numbers are equal, indicating that 
the time card and ledger card each relates to the same 
employee, ,the computer looks to address-1>7 for the next 
instruction; otherwise, the computer executes the instruc-

20 tion dictated by the word stored in address-1>6. In carry­
ing out the dictates of the word stored in address-1>6, the 
carriage is returned to home position, and enter-card-word 
lamp "EC" is again illuminated, indicating that either the 
wrong ,time card or the wrong ledger card was utilized by 

23 the operator. However, in carrying out the dictates of 
the word stored in address ¢7, a "POW" instruction is 
executed, whereby the program number stored in address-
94 is printed out in column #7, as illustrated in FIG. 
88D, the low-order cent and dime digits thereof being sup-

30 pressed and thus not printed. 
With the aid of the just-preceding portion of the mode 

of operation of the computer in executing a typical pay­
roll progrnm being described in detail to this point, a 
detailed comprehension of the remaining portion of the 

35 program can readily be had by following the step-by-step 
description thereof shown in the preceding chart, in ex­
actly the same manner as just described. Consequently, 
a further detailed description thereof would be super­
fluous and, accordingly, is not deemed necessary in order 

40 to insure a full and complete comprehension and appre­
ciation thereof. It is, however, to be appreciated that, 
while a specific mode of operation and application of the 
present computer has been described in detail with respect 
to a typical payroll operation, it is not intended to be im-

45 plied or inferred that its adaptability and applicability are 
in any way limited to any specific accounting operation. 
Being of a general-purpose variety, the present computer 
is readily adaptable to be utilized in a highly effective 
manner in substantially any of the multitude of different 

50 present-day accounting operations. 

91. Component Chart 

After ,the operator inserts the employee's !edger card 
into the card-handling portion of the computer in the 55 
manner previously described, the ,:bove-mentioncd card 
words are magnetically picked up one afte·r the other and 
stored in memory addresses 7~; through 85, as iliu:;lrated 

Shown below in the following chart is an itemized list­
ing of the values and other identifications of the various 
components and operating potentials utilized by each IOf 
the computer building blocks schematically illustrated in 
FIGS. 46 through 51 and previously described in detail. 
In each instance, the logical symbols shown in the chart 
below correspond to like building block symbols; the ref­
erence characters located to the left of the chart corre­
spond to like reference characters used throughout the 
logical drawings with respect to the various building 
blo~ks; and the reference characters located at the top of 
the columns correspond to like reference characters used 
throughout the schematic representations of the various 
building blocks shown in FIGS. 46 through 51. 

in the just-preceding chart. Thereafter, the instrllction 
word stored inaddress-¢2 is read out and stored in the 60 
ins~mction register. In r::;sponse to the word now ;;tored 
in the instmction register, a "SUM" instruction is thcre­
afte. executed, whereby the words magnetically picked up 
from the ledger 'card, with the eXception cf the "proof 
total" amount, are added together, and the result is there- 65 
after stored in address-95. Upon completion of the sum­
mation operation, the sum ,thus derived is compared with 
the proof total stored in address-85. If the contents of 
addresses 85 and 95 are of equal magnitude, the word 
stored in address-1>4 is subsequently read out and stored 70 
in the instruction register. However, if ·the sum and the 
proof total are not in agreement, indicating that the infor­
mation of the magnetic ledger card was not accurately 
read into the computer, the word stored in ac1dress-¢1 is 
subsequently read out and stored in the instmction regis- 75 

(4759) (47A2) __ • _______ • ______________________________________ _ 
(4732) (4701) _________________________________________________ _ 

650 

21'>109 
2:\1173 
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237 238 

(4~41-<2·12) ____________________________ _ 
o~r,8_3"87) __ . __________________________ _ 

(iBO 
~------.~----------.-

600 I 6fl5 I (,5r. I OliO 

(40 R5) --:;r:;;:o - 270 11-----=121~ (47Ij'I-470iij::::::::::::::::::: 2]\;100 R~n -[j I 15K 2"113 OptPllt CRA 
2:,\11~ Ontpllt CRX 

(3288-33lI7) ___________________________ _ 2:\113 Ol:lp1.1t CRY 
(4702) _____________________ 2:\"lOD 120K ; G 1 nK 

5 (472H725)14752)_____________ 2~]()9 820 -6 27K 

G50 653 05l 10 

(466<1-4673)_ ____________________________ 2'\;109 INI28 -25 

15 

650 I 659 
----------

(1710-471f,) _ _ ____ _ ___ __ _ _ __ ____ _ _ _______ ____ _ __ _ _ __ 2NI09 
41 20 

(4D01) (4008) (4011) (4017) (4020) (40n) (4025) 
(4027) (4029) (4031) (4033) 14(40) (4081) (4('84) 
(4{)SO) (4088) (4090) (40\15) (4108) (4213) (42(;2) 
(4317-4320) (4325-43~4) (43·j5--4348) (4353-4362) 

650 

(4405) ___________________________________ , _ _ 2N140 
(4004) (4253-4254) (4207) (4444) (44tll-44o~) (4470) 

(4485--4487) (4491) (4507-4510)! 4532-4536) 
(4538-4514) (.1540-4['03) (4555-4556) (4557-4565) 
(4567-4571) (4674-467,0) ___________________ .. ___ 2~140 

(4005) (41681 (4255) (42GG) (4454) (44f1~-4470) (44St) 
(4493) (4515) (4,072-4591) (4W3-4GOS) (4670-
4677) (4S5G-4S5~) _____ _ _ ___ ___________ _ _ _____ _ 2:\140 

(4070) (4093) (4101) (4105) (4111) ________________ _ 
(4072) (4079) __________________________________ _ 
(407<1) (4225) __________________________________ _ 

2N109 
2N109 
2N109 

«1077) (4135) (4537) (4545) (4566)----- ____________ _ 
(4098) _______________________________________ _ 

2N1Q9 
2NI09 

(4103) ____ _ _ ______________________________ _ 
(4233--4236) (4258-4261) (4442-4443) (4445--444U) 

(4451) (4474-4475) (4477-4478) (4498) (4524-,1527) 
(4M2) (477G-4777) (4780) _____________________ _ 

(42&1) _______________________________________ _ 

2N109 

2='1140 
2N140 

(42G5) ________________________________________ _ 2='1140 
(427~) (4517) _______________________ _ 
(4414) ________________________________________ _ 

2N140 
2~,140 

(4280) ___ _ __ .. _ _ __ _ _ _ ________________________ _ 2""110 
(4-132) (4681-4684) (4751) (4753) _________________ _ 
(4217) ________________________________________ _ 

2'1109 
2~~ 140 

~ !!~t~!_1_3} ~~~::: ::~::::: ::~:::: ::::::::::::::: I ~~ U8 
(,1215) (4221-4222) (4245) (487(j) __________________ , 2NHO 
(4068) _ ___ _ __ __ _ _ _ _ _ __ _ _ _ _ _ _ __ _ _ __ ____ _ _ _ _ _ _ __ _ 2N 14U 

(4~55) __________________ ______________ __ _ ___ __ 2N140 
(403B) (4554) _ .. _ ______ ______ _ __ _ ________ ____ ___ 21'1140 
(4038) (41fi3) (155) _ __ _ __________________ _______ 2N 1-10 
(44U2) (4·lD4) __________ __ __ _____________ 2:;[ tlO 

U5;; I 656 25 

b,6K 

20K 

lK 

5.1K 
3.9K 
l.8K 
2.0K 
l.r.K 
3,OK 

10K 
2K 

3.9K 
4.7K 
l.SK 

0"20 
l.5K 
15K 

8,2K 
3K 
lK 

5.6K 

S20 
4.·iK 
10K 

510 

-6 30 

-6 

-6 35 

-6 
-6 
-6 40 
-6 
-6 
-6 

-12 
-12 
-12 45 -6 
-6 

-12 
-12 
-12 

50 

-6 
-12 
-12 
-12 

-G 55 
-12 
-(I 

-6 

60 

0,50 6tlO 65 
----__ 1-----

~m~::mJl::::::=::::-:::=::::::::::::::::~:~::::: ~~m I 6. zU 

(4631) _______________________ _ 

75 

(4754)('1'757) _____ .. ____________ 2~109 1. 5K -0 22K 

(43~~-:394)--- _______________ _ 
(4i8~-4793) __________________ _ 

650 

650 

2N140 
2[\"109 

655 

(){10 

'7,fiK 
5.1K 

61)G 

oUl 

3.111( 
30K 

661 

fo 
fi 

( 4685-4037) 2"1109 l.5K -12 50K 6 

G50 655 656 664 
------ -------- --~-

(1737-4740) (4804) (4805) _______ 21\ 109 l.SK -6 39 

----€>--

---------------
650 655 650 I 658 

(4237-4240)(4373-43R2)________ 21'1113 540 -18 300 
(3248-~2cl7)(,1228-4231)-------- 2N113 430 -18 2·10 
(3228-32471___________________ 21\113 310 -18 210 

650 653 654 I 65" I 650 

(4~~~2\;\~~~-(!-1~2!-(~~~:'~------ 2'i14~ 1]\;128 ---: -:1-= 
(410,1) _______________________ 2:-1140 1"1128 -6 210 -12 
(4075) _______________________ 2'11·10 IN128 -6 150 I' -12 

i.1g~~l(10,O)\4Zfi,:..421;i)::::::: ~~Ug :~g~ =~ j~8 =:~ 
(4078) _______________________ 2:-1140 i:-.ll2S I -11, IBO -12 
(4Sfic,) _______________________ 2NHO 1:-1128 -6 I 2.2K -12 
(40@) (4ml1) (4530-4531) ________ ---- ___ --. __ -- ----- ___ !----- ___ 1 _____ ---. 
(45\12) _______________________ 2:"-:140 INI28 -6 '>111 -12 
(41121- ______ . ______________ 2"1140 1"1128 -6 3VO -12 
(411)4) (4ltiG) (4246--4249) (4452-

,W,:Ji (4455-+1110) (40179-
4\80) (1482-1-18:3) (4528-
4529) (4G53) (4778-4779) 
(4781) (·ISiill-4Rfi:I.L. _________ 2N140 1"1128 
(48GR) 14871) (4874) 

(4272-4273) ______________ ._._ 
(42!ll; 1- _____________________ _ 
(1313) _________________ . ___ _ 
(H15-H20) _________________ _ 
(4421) ______________________ _ 
(4211-4212) _________________ _ 
(1,"11\) ______________________ _ 
(4742-474-1) (·1806) 

2:-.1140 
2"1113 
Z\,HO 
2!\,110 
2N140 
2\,140 
2~-140 

IN128 
IN128 
lN128 
IN128 
IN128 
1N128 
1N128 

(4307) _______________________ 2NIDn IN128 

-6 

-6 
-6 
-6 
-6 
-6 
-6 
-6 

-0 

LOR 

ZOO 
2Z0 

5.1K 
J.2K 

270 
5. OK 
3.9K 

820 

-12 

-12 
-12 
-12 
-12 
-12 
-12 
-12 

-12 

1~1~~_651 I~~ 
(4005-4701) (4700) «i763) __ 21'\277 i IN128 -18 47 

I 
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650 6fi5 6.16 660 661 I 662 

--- ------------ ---
(1003) (4010) (4013) 

(4019) (1022) 
(4035) ____________ 2NI10 8~0 

(4014) _____ ---------- 2N110 2K 
(4785-4787) __________ 2NI09 1K (4214) _______________ 2:-.1140 lK 
(4335-4344) __________ 2:-.1140 2K 
(4363-,1372) __________ 2"1140 3,9K 
(4405) _______________ 2",140 2K 

~ 

~I~ 
(4718) (4828) _________ 2N109 (4440) _______________ 2K140 
(4439) _______________ 2],;,l40 
(4438) _______________ 2N14O 
(4018) (4049) (4051) ___ 2N14O 
(4050) (4i)56) __ , ______ 2N140 
(4052) (4053) _________ 2"1140 
(4054) _______________ 2"1140 
(4055) _______________ 2:-.1140 
(4057) _______________ 2:-.1140 
(40~9)( 4109)(,1719) 

(4782) (48lO) (4830) 2:-.1109 

~ 
(4082) (408.'}) _________ 2"1109 
(4087) (4096) _________ 2~109 
(4097) (4110) _________ 2,,109 
(4083) (4107) _________ 2N109 (4784) _______________ 21\109 
(4076) _______________ 2N109 
(4100)--------------- 2NI09 
(4092) _______________ 2"1109 
(4113) _______________ 2NI09 
(4309) _______________ 2t-."140 (4311) ______________ 2:-.1140 
(4135) ______________ 201140 
(1436) ______________ 2NI4O (4437) ______________ 2N140 (4717) _______________ 2"1109 

~ 

(4J69) ______________ 2:-.11010 
(4315) ______________ 2NHO 

1"1128 
IN128 
1]';'128 
IN128 
IN128 
IN128 
IN 128 
1"1128 
DI128 
101128 

IN128 

1"1128 
1K128 
11\128 
1NI28 
11\128 
IN128 
IN128 
1K128 
11\128 
It-."128 
IN128 
1:-.1128 
1l.~128 
1]';'128 
1~128 

2.4K 
820 

-6 
-6 
-6 

-12 
-6 

-12 
-12 

654 
---

-6 
-6 
-6 
-6 
-6 
-6 
-6 
-6 
-6 
-6 

-6 

-6 
-6 
-6 
-6 
-(I 

-H 
-6 
-6 
-6 
-6 
-6 
-6 
-6 
-6 
-6 

-6 
-6 

10K 
4.3K 
S.IK 
5.6K 
5,lK 
10K 
47K 

655 
---

820 
2,7K 
1.2K 
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5 m~9i~?!:::::::::::::::::::::::::::::::::::: (1112) ________________________________________ _ 
(1068-1083) ___________________________________ _ 

696 

10 

4.7K 
5.1K 

5.6K 15 689 
---

(991-992) _____________________________ 6 

5.1K 

~ 20 

5.6K 

6 18K 
6 9.1K 
6 11K 
6 120K 
6 6.8K 
6 18K 

690 691 
------

27K 100 

4.3K 
4.7K 
4.3K 
4.7K 
5.1K 
4.7K 

696 
---

5.1K 

689 690 700 703 704 705 706 707 70B 709 710 711 712 713 714 

(1803) (1805-1806) ______ -12 750 2NI09 50 27K -:015' 50 
MF 

75U 10K 2N109 2K 5.1K 470 3.5K -6 

~ 

664 666 68~ 690 700 703 70~ 710 712 713 714 
------------------------------

(1163-1164) _________________________ lK M'F -6 5.1K 2Nl0g .05 2NI0~ 150K 5.1K 10K 6 
1\11" 

~ 

722 723 724 725 ~I~ 728 729 734 735 736 737 

(6061) (6066) (6072) (6077- ------
6085) (6088-6089) (6091) 
(6093) (6097) (6100--6101) (6104) ___________________ 2N140 2N140 -12 lK -12 lK S.IK S.IK 7.5K 500 7.5K 500 

(6086-6087) (6090) (6092) 
(6094-60116) (6098-6099) 
(6103) (6105-6107) (6118-
6119) (6134-6139) _________ 2N140 2N140 -12 lK -12 lK 5.1K S.IK 5.1K 500 S.IK 500 6127-6132) ________________ 2N140 2N140 -12 lK -12 lK 5.1K 5.1K 5.1K 1000 5.1K 1000 

M 
722 723 724 725 726 727 728 7211 730 731 732 733 734 735 736 737 

------------------------------------
(6038) (6041) (6046) ______________ 2N1l3 2N113 -12 lK -12 lK 
(6047-6054) (6057-6060) (6108-

6117) (6062-6065) (6067-6070) 
lK (6073-6076) __________________ 2N140 2N140 -12 IK -12 

(6055-6056) ____________________ 2N140 2N140 -12 lK -12 lK (6071) _________________________ 2NI09 2N109 -12 lK -12 lK (6102) _________________________ 2N140 2N140 -12 lK -12 lK (6133) _________________________ 2N140 2N140 -12 lK -12 lK 

: [>~ : 
722 723 724 725 

------------
(6001-6013) (6030--6037) ____________ 2N109 2NI09 -6 lK 
(6014-6021) _______________________ 2N140 2N140 -6 lK 

: l)(] : 

5.1K 5.1K -6 IN128 

5.IIC 5.1K -6 84890 
5.1K 5.1K -6 IN128 
5.1K S.IK -6 IN128 
5.IK 5.1K -6 IN128 
S.lK 5.1K -6 IN128 

726 727 729 

---------
-6 lK 5.1K 
-6 lK 5.6K 

-6 INI28 7.5K 

-6 84890 7.5K 
-6 INI28 10K 
-6 IN128 8.2K 
-6 IN128 5.IK 
-'6 IN128 5.1K 

734 735 
-------

15K 1,000 
15K 500 

120 7.SK 

500 7.5K 
500 10K 
470 B.2K 
500 5.1K 

1,000 5.1K 

736 
---

15K 
15K 

120 

500 
500 
470 
500 

1,000 

737 

1,00 
50 

a 
o 
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247 248 

722 723 724 725 726 727 730 731 732 733 734 735 736 737 

(6039-6040) __________________________ 2N140 2N140 -12 1K -12 1K 5.1K -6 1N128 -6 1Nl28 5.1K 180 5.1K 180 

: [)fJ : 
722 723 724 725 726 727 728 734 735 736 737 

(6022-6025) _______________________ 2N140 2N140 -6 1K -6 lK 5.6K 15K 500 15K 500 

: [XJ : 
722 723 724 725 726 727 728 730 731 732 733 734 735 736 737 

(6026-6029) __________________________ 2N140 2N140 -12 1K -12 lK 5.6K -6 IN128 -6 1N128 15K 500 15K 500 

E : 
722 723 724 725 726 727 728 729 734 736 

(6122) ______________________________________ 
2N109 2N109 -6 820 -6 820 5.1K 5.1K 15K 15K 

: [)<J : 
722 723 724 725 726 727 734 735 737 738 739 752 

(6120) [.25 Sec.l _______________________________ 2NI09 2NI09 -6 1K -6 1K 27K 500 lO:t.lF -6 27K 470 

o 

722 723 724 725 726 727 735 737 741 742 743 744 745 746 748 749 750 

(6125) [50 KC1 ____________________ 2N140 2N140 -6 10K -6 10K 1,120 1,120 -6 15K 6 10K -12 10K 1N128 -6 15K 

722 723 724 725 726 727 735 737 741 ~I~ ~I~ 753 

(6126) [400 cpsl ____________________________ 2N140 2N140 -6 1K -6 1K i,W i,W -6 18K -6 18K M1J MOJ 

722 723 724 

-6 
-6 
-6 

(6124) [.04 sec.l-------------------------------- 2N109 2N109 (6142) 1.06 Sec. ________________________________ 2N109 2N109 
(6141) .06 Sec.l ________________________________ 2N109 2N109 

725 

820 
820 
820 

726 

-6 
-6 
-6 

727 735 

820 5.1K 20MF 
820 5.1K 2MF 
820 5.1K 4MF 

736 

15K 
15K 
15K 

749 

-6 
-6 
-6 

750 

15K 
27K 
18K 

754 

2K 

755 

5.1K 
2.4K 
2.4K 

722 723 724 ~I~ 727 735 736 741 742 749 750 755 757 758 762 763 

(6145) [.00124] 
Sec. 

2N109 2N109 -6 820 -6 820 .1 15K 6 2.7K -6 22K 3.9K 27K 2N109 560 150 
MF 
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249 250 
722 723 724 725 726 727 734 735 73G 737 

------------------------------
(GOOO) 2NlO9 2N109 -12 lK -12 lK lUK 500 10K 500 

: [)(J : 
0 0 

W 722 723 724 725 726 727 734 737 741 742 752 
----------------------------------

(6147-614S) [31' Sec.1 2"'109 2N109 -6 680 -6 lK 750 330 -6 15K 68 
(6149-6150) [31' Sec.1 2:-.1109 2N109 -6 lK -6 lK 0 33 -6 15K 220 

722 723 724 -=-I~ 727 729 735 736 749 750 755 756 

(6121) [.25800.1 _______________________ 2N109 2NI09 -6 820 -6 820 5.1K 25 15K -6 15K 3.9K .5 
MF MF 

(6143) [.075 8eo.1 ______________________ 2N109 2:-.1109 -6 820 -6 820 5.1K 5 15K -6 15K 2.4K .5 
MF MF 

(6140) [.01-.04 8eo.1 ___________________ 2N109 2X109 -6 820 -6 820 5.1K 3 15K -6 15K lOOK .5 
MF MF 

(6123) (.128ee.1 _______________________ 2N109 2N109 -6 820 -6 820 S.IK 11 ISK -6 18K 2.4K .5 
MF MF . 

~ : 
I~ 723 72·1 725 726 727 I 73·i I 735 736 737 749 750 757 758 760 761 759 

(6144) _____________________________ 2N109 2NI09 -6 820 -6 
-I--

10K .1 6 3.2K 15K 2N109 150 5.1K 5.1K 820 I 10K .1 
MF MF 

:5<] : 
722 723 724 725 726 727 734 735 736 737 749 750 757 758 759 ill{) 761 

----------------------------------
(6148) _____________________________ 2N109 2N109 -6 820 -6 820 15K .1 15K .1 6 3.2K S.IK 2N109 5.1 150 S.IK 

MF MF 

: l)iu,,1 0 

-

766 767 768 780 
45 

785 786 787 788 789 790 791 

------------- --------------
(7007) ______________________________ 120 IN 128 91K 6v. (7144-7149) ______________ 220 220 .1 .1 4.7K 4.7K -12 
(7008-70ID) (7015) (7026--7089) (7118- MF MF 

7129) (7132-7143) __________________ 500 1N128 10K GND : I FIL I : (713-7131) __________________________ .OlMF IN 128 o6K OND 
(7156) ______________________________ .04MF IN128 15K OND 
(7154-7155) _________________________ .1OMF 1N128 1. oK OND 50 

~ 160 794 795 796 797 799 800 
----------------

766 767 768 769 770 771 (4501) ________________ Claircx 100 1N128 6 10K .10 7K 

------------ 55 CL3 MF ------

+ (7101) (7153) _________ 1MF INI28 1M 6 2.7K 1K 
(7112-7114) (7117). ___ 1M~' 1NI28 1.5K 6 2.7K lK 
(7150) _______________ IMF 1N128 15K 6 1K 2.7K 
(7152) _______________ .IMF 1Nl28 15K 6 2.7K 680 
(7151) (7157-7159) ____ .IMF 1NI28 15K 6 2.7K 710 

~ 
(30 

802 803 804 805 806 807 808 809 810 

---------- - - - --------- -

772 773 (·1733-4736) (4802-
Claircx 5.1K -12 4803,L ___________ 2N140 -6 6 2K 50 5.1K 

CL3 MF 
(7100-7165) (7167-7168) __________________ - - - - __ -- lK .OSMF (35 

~ 
~ 

_~~I~ 656 661 662 681 684 

766 772 70 
(4856-1859) (4867) 

(4870)(4873)(48751- 201140 2.2K -12 lOOK 6 IN7iA -12 
(7161l) (7169) ____________ --- __ - - _ ----- - - - - -- -. - -- 470 200K 

o---@}--o ~ 
75 
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251 252 
813 814 815 816 817 818 819 820 821 822 823 824 825 

------------------------------------
(4811-4812) (4815) (4817) (4823) ________ 2NI09 -6 6.8K 2.7K 150 .IMF 7.5 INI28 560 2.7K 2.7K (] 5MF 

o--§-

827 829 830 831 832 833 834 835 836 ~I~ 839 

(7000-7002) __________________________ 2N109 1. 5K 70° 1..1K 270 -12 652 620 2.4K 1.2K 652 1.IK -12 
Thermister 70° ZENER ZENER 

g40~ 
Ther- DI- DI-
mister ODES ODES 

$ 
828 844 845 846 847 848 849 850 851 860 

---------------------------
2N140 2N158 .5 .5 IN128 1",,128 25 11 50 100M 

eltl~ 
F 

852 853 854 855 856 857 858 859 866 851 862 863 864 8u5 

---------------------------------------
2N173 2N109 -6 680 -12 2.5 -8 620 25MF 500 150 680 -18 -I 2 

842~ 

92. Signal Origination alld Destination Chart 

Shown below in the following chart is an alphabetical 
listing of the various signal lines shown throughout the 
logical diagrams, wherein the number in the center col­
umn corresponds to ·the figure number of the origination 
of that particular line; and wherein the number, or num­
bers, in the right-hand column corresponds to the logical 
diagram figure or figures to which the 'particular line is 
connected as an input line. 

Signal Origination Destination 

Signal 

(AI-A2l _____________ ----
AAD ___________________ _ 
ABG ___________________ _ 
AD ___ -- _______________ _ 
ADD __________________ _ 
AF _____________________ _ 
AL ____________________ _ 
AJ _____________________ _ 
AK ____________________ _ 
AM ____________________ _ 
AN ____________________ _ 

(ANa-ANd) _________ - - __ 
APN ___________________ _ 
ARO ___________________ _ 
ASA ___________________ _ 
AUT ___________________ _ 
AYW __________________ _ 
B ___ -__________________ _ 
Ba ________ ________ -_____ _ 
DB _____________________ _ 
(Db-Be) __ - ___________ ---
Bd _____________________ _ 

(DaL-BdI,) ____________ _ 
(BaM-BdM) ___________ _ 
BBD ___________________ _ 
(BOa-BOb) ____________ _ 
DJ __ - __________________ _ 
BK ____________________ _ 
BM_-- _________________ _ 
BYW __________________ _ 
012 ____________________ _ 
013 ____________________ _ 
014 ____________________ _ 
023 ____________________ _ 
024 ____________________ _ 
031. ___________________ _ 

034 ________ • ___ • ______ ._ 
041. ___________________ _ 

042 ••• ___________ • _____ _ 
043 ____________________ _ 
C ______________________ _ 
C A ___ •• ________________ _ 
CB_ •• _ ... ____ • _____ ' _ . __ 
COR ________ .... ___ . ___ _ 
o FE._. _ .. __ ... ____ ... __ 
CFF __ . ________ . _____ . __ 
CFlIL ________ . _______ .. 
OLO .. _________________ _ 
CM ____________________ _ 
OMA __________________ _ 
00 ... ______________ . ___ _ 

Origination 

83 83 
60 52B 
60 5213 

DestilJation 

61 53, 63, 70, 71 
56 56,73,74,75,77,79 
72 72 
77 76,77 
71 60,71 
69 60,70 
H M,00,M,7~H.7~N 
61 58, 68, 71, 72, 74, 75, 76, 77, 78, 

79, 80,81, 84 
54 54 
56 M, 68, 73, 74, 75, 77, 79 
74 53,69,71,74,78 
67 60,67,70,71 
84 76,84 
60 GO 
83 83,85 
62 54,55,58,60,67,68,60,70,71,76 
85 85 
62 54,55,58,60,67,68,70,71 
62 54, 55, 58, 60, 61, 67, 68, 6P, 70, 

71,74,77 
55 50, 57, 58, 59 
li2 60,132 
60 52B 
62 61.62 
71 60,71 
ti9 60,70 
74 00,68,73,74,79 
UO 60 
84 61 
84 84 
84 60,62 
84 61,61,71,76,81 
84 61,65.84 
84 60, 61, 68, 69, 70, 71, 75, 76, 77, 

79,81 
84 55, 61, 71 
84 55, 58, 60, 61, 62, 69, 74, 75, 77, 

79, 81, 84 
84 67, 84 
84 67 
83 81,83,85 
74 60, 68, 71, 74, 77, 78 
74 60,74,78 
85 75 
56 73, 75, 77, 78, 79 
61 60, 61, 64, 69, 79 
56 69,71,73,75,76,77,78,79 
82 82 
74 GO, 69, 73, 74, 77, 79 
56 73, 74, 79 
82 82 

--------1-----1 

30 OPA ____________________ 
74 o P 1\L _________________ • 74 ORA_ .. _________________ 60 ORX. __________________ 66 

OH y .... ________________ 66 OS A ____________________ 8.1 o YC_ .. _________________ 61 

35 
D __ .. ___________________ 

82 Do/> _____ -- - ______________ 63 D¢M ___________________ 
63 D1. _____________________ 
63 (D2-D5) ________________ 63 (D6-D7) ________________ 63 D8 ______________________ 63 D9 ______________________ 
63 

40 D9L ____________________ 
63 D9i1L .. _________________ 
63 Do ______________________ 
63 (Db-Dd) ________________ 63 DAD __ • ________________ 75 DBD ___________________ 62 DD F ___________________ 61 

45 DE2 __ • _________________ 58 DIV ____________________ 56 DB _____________________ 
68 E _______________________ 
83 F,AS ____________________ 
M EOW ________ • __________ 56 

50 
F,Q _____________________ 

61 EKL _______ • ____________ 81 EKW .. ______ • __________ 56 EOO ____________________ 
82 EO F .. _____________ • ___ • 77 EOW ___________________ 71 EPT ____________________ 
56 Eva .. __________________ 80 

55 
1<'¢ ______________________ 

72 
F8 _____ - ________________ 72 F9 ______________________ 

7'2 Fl¢ ____ - _____________ _._ 7'2 
(Fa-Fd) ----------------- 72 Fa __________________ _._ 75 I'OL ____________________ 69 

60 
F 02 _____________________ 

69 FOO ____________________ 
69 G _______________________ 
82 QO _____________________ 
75 GO ________ • ___ • ________ 82 

GO 0 __ .. ___ • _____ • ______ 62 (II¢-Hl) ________________ 57 H2 ______________________ 
57 

65 
H3 ______________________ 

57 H4 _______________ • ______ 57 U5 ______________________ 
57 IID ______________________ 
57 HO _____________________ 
82 HIL_. __________________ 83 i ___ _____________________ 
82 

(I¢a-I¢d) _ •• ____________ 59 
70 «!la-lid) _______________ 59 

(I2a-12d) ________________ 58 I2¢ ______________________ 
59 (13a-13c) ________________ 58 l3d ______________________ 58 I34. _____________________ 59 149 ______________________ 
59 

75 
(I4a-I4d) _______________ • 58 
(I5a-15c) _______________ • 58 

[,s, 69, 74 
53,60,69, 73, 74,79 
60 
66 
66 
71 
62 
81,83, R2 
50,67, 69, 71, 75, 76 
66 
59,66,67, 80 
58,66, 67, 80 
57, 66, 67, 80 
55,66, 67, 80 
53, 55, 58, 61, 67, 69, 70, 74, 77, 

79,80 
61,64, 70 
66 
63, 68, 12 
63, 72 
00, 69, 71, 74, 75, 78 
62, 63 
54, 61, 79 
58 
56,71,73,74,75,77,78 
68 
82,83,85 
53, 54,75, 77 
58, 60, GI, 68, 69, 71, 73, 74, 75, 

76, 77,70,81,82,83 
53, 68, 72, 76, 77 
81 
58,60,73, 74, 75, 78, 79, 81 
64,65,66, 82 
75,77 
60,79 
58, 60, 69, 73, 75, 76, 77 J 79 
80 
71,81 
75,77,78,81 
68,74,76,79,81 
62, 68, 70, 71, 72, 
72 

74, 75, 78 

58, 61,64,05, 75,76,77 
60,69 
IlO, 69, 71 
53,61,69,71,79 
81,82, 83, 85 
61,69,75,76,77,79 
71,72,81,82 
61,62,79 
81 
70,78,81 
62,70,74,75,78,81 
62, 70, 78, 81 
62,78.81 
77,79 
82 
83,85 
82 
65 
64 
58,59,65 
58 
58,59,64 
59,64 
58,69,74,75,76,77,79 
58 
58, 59, 65 
58,59,64 



Signal 

15d _____________________ _ 
(Ina-Hiv) _______________ _ 
Iue _____________________ _ 
II:'! _____________________ _ 
(17a-17d) _______________ _ 
(Iba-lSd) _______________ _ 
I~'a __ ___________________ _ 
lCC ___________________ _ 
ICR ___________________ _ 
IFD ___________________ _ 
IFJ ____________________ _ 
1014 ____________________ _ 
IW _____________________ _ 
J9 ______________________ _ 
JA _____________________ _ 
Ja ______________________ _ 
(J b-J 0) _________________ _ 
J<I ______________________ _ 
J 11. ____________________ _ 
J LIR ___________________ _ 
JJF ____________________ _ 
JL _____________________ _ 
J M ____________________ _ 
JS ______________________ _ 
K<I> _____________________ _ 
K ,\.. ___________________ _ 
Ka _____________________ _ 
(Kb-Kc) _______________ _ 
Kd _____________________ _ 
KIL ___________________ _ 
KEY __________________ _ 
KK ____________________ _ 
KKF __________________ _ 
KI, ____________________ _ 
K::l _____________________ _ 
L ______________________ _ 
L<I> _____________________ _ 
1,1 _____________________ _ 
1 .. 2 _____________________ _ 
L3 _____________________ _ 
LF A ___________________ _ 
L[:.I ___________________ _ 
LK ____________________ _ 
Lk ____________________ _ 
M14 ____________________ _ 
MA ____________________ _ 
MAN __________________ _ 
MB ____________________ _ 
MDO __________________ _ 
ML ____________________ _ 

MIC ___________________ _ 
MIN ___________________ _ 
1\1J _____________________ _ 

MK ____________________ _ 
MOD __________________ _ 
MOO __________________ _ 
MOU __________________ _ 
MSA ___________________ _ 
M US __________________ _ 

MV ____________________ _ 
MXW _________________ _ 
MyW _________________ _ 
N ______________________ _ 
(NI-N2) _______________ _ 
NN ____________________ _ 
NT ____________________ _ 
OB:>.L _________________ _ 
OBN ___________________ _ 

p-----------------------pc ______________________ _ 
pC _____________________ _ 
PC 'I' ___________________ _ 
l' P<I> ___________________ _ 
1'C1. ___________________ _ 
1'1<1> ____________________ _ 
pJ <1>-- __________________ _ 
PJ1 ____________________ _ 
pH ____________________ _ 
pKq, ___________________ _ 
pK9 ___________________ _ 
POW __________________ _ 

PTIB ___________________ _ 
1'1' _____________________ _ 
PTF ___________________ _ 

PTR ___________________ _ 

pTS ___________________ _ 

PH<I>_ -------- -----------PR2 ____________________ _ 
PH8 ____________________ _ 
l'W <1>-------- ___________ _ 

Q- - --------------------­
q - --- - ------ - --- -- - - - ----gc- _____________________ _ 
r _______________________ _ 
Rq, _____________________ _ 
Rl _____________________ _ 
R8 _____________________ _ 
(HA<i>-RA9) ____________ _ 
(na-ltd) _______________ _ 
TC _ _____________________ _ 

RAIL _________________ _ 
RCC ___________________ _ 

3,112,394 

253 

Orig!nat:Ol1 Destination 

58 59, 04 
57 57,65,68 _____________________ _ 
57 57, G5, 68, 82 
57 [;7, 65, GR, 76, 82 
57 57,0·1 
.55 .56 
56 5" 
~4 75 
56 56 
72 68 
72 80 
58 58 
61 
71 
71 
71 
71 
71 
71 
75 
71 
71 
GO 
71 
70 
li9 
70 
70 
70 
Gg 

61 
74,76,77 
60,71 
53, M, 71, 72 
~;). Zl, Z~ 
<.14, ,I, .2 
60,71 
58,61,68,69,71,74,75, 7G, 77 
71 
71 
60,73 
60 
09,75,76 
CO, (j9 
53,54,70 
53,70 
54,70 
60,69 

75 61,72,75,76,77, 7g, 81 
82 82 
fo9 70 
70 70 
70 60,77 
85 82, 83, 85 
57 fi9, 75, 76, 77, 81, 85 
57 76, 77, 81, 85 
57 81,85 
57 81 
85 68 
72 72 

79 
85 
68 

75 
85 
85 
75 
84 
S!i 
5(\ 
76 

60, 68, 71, 73, 74, 75, 76, 77, 78 
76,84 
75, 7U, 81 
57,68,73 
55, 5G, 58, 60, 61, 64, 69, 72, 75, 

7t" 77, 79 
76 61, 6U, 76, 77 
72 68, 74, 75, 76, 77, 78 
71 60, 68, 71, 73, 74, 76, 77, 78, 79, 

80,81 
69 60,70, 73 
.56 68,74,75,76,77,79 
60 61,64 
76 58, 61, 60, 75, 76, 79, 82 
67 55, 58, 60, 67, 68, 70, 71 
56 5:1, 56, 62, 68, 70, 71, 72, 73, 74, 

75,77,78 
84 84 
60 60 
60 60 
83 83 
85 85 
85 85 
72 72,81 
7f) fl9, 70, 73, 74, 75, 76, 77, 81 
77 71,73,74,76,77,78,79,85 
83 82, 83, 85 
53 53 
6t 56,61,64,72,75,76 
72 72, 7n, 80 
72 72 
53 53,54,73 
55 55, 57,58, 59 
71 71,80 
71 71 
71 71 
70 70 
70 70 
5ll 60, 71, 72, 73, 74, 75, 76, 77, 78, 

79,80,81 
58 58 
72 72 
76 Input to 'rape Reader TermI­

nal (FWD) 
76 Input to Tape Reader TermI­

nal (REV.) 
76 Input to Tape Reader Terml-

nnl (81'01') 
68 68 
68 68 
68 68 
64 64,65 
85 82 
53 54,82 
53 53 
53 54 
68 68,73,74,75,76,77,78,79,85 
68 74,75,78 
68 73,74, 75,77, 78, 79 
80 80 
68 68 
53 54 
77 58,60,68,69,73,74,77,78 
85 85 

Signal 

R D8 ___________________ _ 
5 RgU ___________________ _ 

HED __________________ _ 
RE V ___________________ _ 
REW __________________ _ 
RF _____________________ _ 
R T,R ___________________ _ 
R L~f __________________ _ 
ROC ___________________ _ 

10 ROS ___________________ _ 
Rl' _____________________ _ 
RPB ___________________ _ 
RS _____________________ _ 

(RSa-RSd) _______ ______ _ 

15 ~~L:::::::::::::::::: 
It _______________________ _ 
841, ____________________ _ 
8A _____________________ _ 
8AM ___________________ _ 
SA8 ____________________ _ 
SB _____________________ _ 

20 SCD ___________________ _ 
S}~S ____________________ _ 
8 HA ___________________ _ 
8HB ___________________ _ 
Sill' ___________________ _ 

25 ~&~_-_-~::::::::::::::::: SP _____________________ _ 
SQ _____________________ _ 
ST<I> ____________________ _ 
S'1'L ___________________ _ 
STD ___________________ _ 

30 S'1'P - -------------------8 U B ___________________ _ 
SU:\L _________________ _ 
t. ______________________ _ 
('l'u-'rd) ________________ _ 
TCL ___________________ _ 
TDA ___________________ _ 
TDS ___________________ _ 

35 TIL ___________________ _ 
('1'12-'1'15) ______________ _ 
('1'82-'1'S5) _____________ _ 
(W q,q,-Wq,9) ___________ _ 
U ______________ • _______ _ 
(W <l>a-\V <l>d) ____________ _ 
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'While particular embodiments of the invention have 
been shown and described in detail, it will be obvious to 
those skilled in the art that changes and modifications 

55 may be made without departing from the invention in its 
broader aspects, and, therefore, the aim in the appended 
claims is to cover all such changes and modifications as 
fall within the true spirit and scope of the invention, 

What is claimed is: 
1. An electronic digital computing machine compris-

60 ling: registering means differentially positionable to dif­
ferent registering positions; means for differentially posi· 
tioning said registeping means; a storage device of a type 
providing a plurality of addressable storage locations, 

65 each storage location being capable of having a word 
manifestation stored therein; address selecting means 
associated with said storage device for obtaining access to 
any desired storage location thereof; read-write means as­
sociated with said storage device for selectively storing 

70 a word manifestation and for reproducing a word mani­
festation previously stored at the parti:ular storage loca­
tion dictated by said address selecting means, means 
for providing information indicative of the position 
at which said registering means was differentially posi-

75 tioned; means operatively connected to said in forma· 
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Ilion providing means and to said read-write means for 
causing a word manifestation indicatfve of said register­
ing position to be stored in said storage device at the 
selected storage location dictated by said address select­
ing means; means for receiving ledger card record media 
each having information both magnetically recorded and 
printed thereon; signal reproducing means for sensing the 
information magnetically recorded on each ledger card 
record medium; means operatively connected to said 
signal reproducing means and to said read-write means 
for causing word manifestations indicative of said magnet­
ically recorded information to be stored in said storage 
device at the particular storage locations selected by said 
address selecting means; means settable to a predeter­
mined pattern of control indicative of a desired computa­
tional opemtion to be executed; control means responsive 
to said pattern of control and operatively associated with 
read-write means and with said address selecting means 
for effecting the reproduction of predetermined word 
manifestations from said stomge device, and including 
means for executing the particular computational op­
eration on said reproduced word manifestations as indi­
cated by said pattern of control; and means associated 
with said signal reproducing means for thereafter mag­
netically recording on a selected one or ones of said ledger 
card record media a selected portion or portions of the 
results of said computational operation while effective,ly 
erasing the information previously recorded magnetically 
thereon. 

2. An electronic digital computing machine in ac­
cordance with claim 1 which further includes means for 
suppressing all non-significant zeros of said computa­
tional results during said recording operation. 

3. An electronic digital computing machine compris­
ing: registering means differentially positionable to dif­
ferent registering positions; setting means for differen­
tially positioning said registering means; a storage device 
of a type providing a plurality of addressable storage lo­
cations, each storage location being capable of having 
a word manifestation stored therein; address selecting 
means associated with said storage device for obtaining 
access to any desired storage location thereof; read-write 
means associated with said storage devioe for selectively 
storing a word manifestation and for reproducing a word 
manifestation previously stored at the particular stor­
age location dictated by said address selecting means; 
means for providing information indicative of the posi­
tion at which said registering means was differentially 
positioned; means operatively connected to said informa­
tion providing means and to said read-write means for 
causing a word manifestation indicative of said register­
ing position to be stored in said storage device at the 
selected storage location dictated by said address select­
ing means; means for receiving ledger card record media 
each having information both magnetically recorded and 
printed thereon; signal reproducing means for sensing 
the information magnetically recorded on each ledger 
card record medium; means operatively connected to said 
signal reproducing and to said read-write means for caus­
ing word manifestations indicative of said magnetically 
recorded information to be stored in said storage device 
at the particular storage locations sdected by said address 
selecting means; means settable to a predetermined pat­
tern of control indicative of a desired computational op­
eration to be executed; control means responsive to said 
pattern of control and operatively associated with said 
read-write means and with said address selecting means 
for effecting the reproduction of predetermined word 
manifestations from said storage device, and including 
means for executing the particular computational opera­
tion on said reproduced word manifestations as indicated 
by said pattern of control; means associated with said 
signal reproducing means for thereafter magnetically 
recording on a selected one or ones of said ledger card 
l'!eCoro media a selected portion or portions of the results 
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of said computational operation while effectively erasing 
the information previously recorded magnetically there­
on; and means operatively connected to said setting 
means for causing said registering means to be differen-

5 tially positioned indicative of a selected .portion or por­
tions of said computational results. 

4. An electronic digital computing machine compris­
ing: a plurality of differentially positionable printing 
means capable of printing on an associated medium 

10 a plurality of word manifestations comprising a plu­
rality of characters of various kinds disposed in dif­
ferent order positions along a recording line trans­
versely oriented with respect to said medium, the unique 
and independent differential position of each of said 

15 printing means determining the specific kind of char­
acter to be printed by that particular printing means; 
an actuator associated with each of said printing means 
for differentially positioning the corresponding print­
ing means, each of said actuators being independent-

20 ly movable in at least one direction; means for mov­
ing all of said actuators in said direction; stop means 
associated with each actuator for selectively immo­
bilizing said actuator independently of the other ac­
tuators at anyone of a plurality of differential positions, 

25 the differential position at whioh the indivdual actuators 
are immobilized determining the differential positioning 
of their associated printing means; a storage device of a 
type printing a plurality of addressable storage loca­
tions, each storage location being capable of having a word 

30 manifestation stored therein; address selecting means asso­
ciated with said storage device for obtaining access to 
any desired storage location thereof; read-write means 
associated with said storage devke for selectively storing 
a word manifestation and for reproducing a word mani-

35 festat:ion previously stored at the particular storage lo­
cation dictated by said address selecting means; means 
for providing information indicative of the positions at 
which said printing means were differentially positioned, 
means operatively connected to said information provid-

40 ing means and to said read-write means for causing a 
word manifestation ~ndicative of the differentially-set 
positions of said printing means to be stored in said stor­
age device at the selected storage location dictated by 
said address selecting means; means for receiving ledger 

45 oard record media each having information both mag­
netically recorded and printed thereon; signal reproduc­
ing means for sensing the information magnetically 
recorded on each ledger card record med~um; means op­
eratively connected to said signal reproducing and to 

50 said read-write means for causing word manifestations 
indicative of said magnetically recorded information to 
be stored in said storage device at the particular storage 
locations selected by said address selecting means; means 
settable to a predetermined pattern of control indicative 

55 of a desired computational operation to be executed; 
control means responsive to said pattern of control and 
operatively associated with said read-write means and 
with said address selecting means for effecting the repro­
duction of predetermined word manifestations from said 

60 storage device, and induding means for executing the 
particular computational operation on said reproduced 
word manifestations as indicated by said pattern of con­
trol; means associated with said moving means and said 
stop means for causing said printing means to be dif-

65 ferentially positioned indicative of a selected portion or 
portions of the results of said computational operation; 
and means associated with said signal reproducing means 
for magnetically recording on a selected one or ones of 
said ledger card record media a selected portion or por-

70 tions of said computational results while effectively eras­
ing the information previously recorded magnetically 
thereon. 

5. An electronic digital computing machine compris­
ing: a storage device of a type providing a plurality of 

75 addressable storage locations with eaoh storage location 
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being capable of having a word manifestation stored 
therein; address selecting means associated with said stor-
age device for obtaining access to any chosen storage lo­
cation thereof; read-write means associated with said 
storage device for se1ectively storing a word manifesta- 5 
tion and reproducing a word manifestation previously 
stored at the particular storage location dictated by said 
address selecting means; key-set recording means capable 
of selectively printing a plurality of characters of a plu­
rality of selected kinds on an associated medium during 10 
a cycle of operation thereof, said recording means in­
cluding means for driving said recording means through 
cycles of operation, a plural order series of differential 
actuators each being movable between a normal posi­
tion and any of a series of differential positions each 15 
indicative of a character of a different kind, means driven 
by said drive means to advance said differential actuators 
to differential positions and again return said actuators w 
normal position in a cycle of operation of said recording 
means, a first differential stop means settab!e from the 20 
keyboard of said recording means for selectively im­
mobilizing each of said differential actuators in a differen-
tial position indicati'ie of the particular kind of corre­
sponding order character ~ndexed m said keyboard, and a 
second electrically energimble differential stop means for 25 
selectively immobilizing each of said differential actua­
tors in a differential. position indicative of a particular 
kind of character; additional means for determffiing when 
the mobile" actuators are at any of the plurality of dif­
ferential positions; means for providing mformation in- 30 
dicative of the positions at which said actuators were 
differentially set; means operatively connected to said 
information providing means and said read-WI'ite means 
for causing a word manifestation indicative of the dif­
ferentially-set positions of said actuators to be stored in 35 
sa:id storage device at the selected storaged location 
dictated by said address selecting means; means for re­
ceiving a ledger card record medium having informa­
tion both magnetically recorded and printed thereon, 
said means being capable of positioning said medium in 40 
operative relationship with respect to said recording 
means such that a subsequent printing opemtion on said 
medium ,is effeoted by said recording means along a pre­
determined printing r1ine of said medium; signal reproduc-
ing means for sensing the information magnetically re- 45 
corded on said ledger card record medium; means opera­
tively connected to said signal reproducing means and 
to said read-write means for causing word manifesta­
tions indicative of said magnetically recorded informa­
tion to be stored in said storage dev:ice at the partiCUlar 50 
storage locations selected by said address selecting means; 
means semble to a predetermined pattern of con­
trol indicative of a desired computational operation to 
be executed; control means responsive to said pattern of 
control and operatively associated with said read-write 55 
means and with said address selecting means for effect-
ing the reproduction of predetermined word mani­
festations from said storage device, and including moans 
for executing the particular computational operation on 
said reproduced ~vord manifestations as indicated by said 60 
pattern of control; means for initiating a cycle of opera­
tion of said recording means; means opemtively con­
nected to said second differential stop means and said 
additional means for causing said differential actuators to 
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6. A computing machine in accordance with claim 5, 

which further includes means for recording on said ledger 
card record medium a magnetic indication indicative of 
the location of the next printing line of said medium 
along which a subsequent printing operation is to be 
elIected. 

7. A computing machine in accordance with claim 5, 
which further includes means for recording on said ledger 
card record medium a magGetic indication whose posi­
tion corresponds to the vertical location of the next 
printing line of said medium along which a subsequent 
printing operation is to be effected. 

8. An electronic digital computing machine compris­
ing: a storage device of a type providing a plurality of 
addressable storage locations with each storage location 
being capable of having word manifestation stored there-
in; address selecting means associated with said storage 
device for obtaining access to any chosen storage location 
thereof; read-write means associated with said storage de­
vice for selectively storing a word mRnifc5tatlon and repro­
ducing a word manifestation previously stored at the par-
ticular storage location dictated by said address selecting 
means; key-set recording means capable of selectively 
printing a plurality of characters of a plurality of selected 
kinds on an associated medium during a cycle of opera­
tion th:::reof, said recording means including means for 
driving said recording means through cycles of opera­
tion, a plural order series of differential actuators each 
being movable between a norma! position and any of 
a series of differential positions each indicative of a char­
acter of a different kind, means driven by said drive 
means to advance said differentia! actuators to differential 
positions and again return said actuators to normal posi­
tion in a cycle of operation of said recording means, a 
first differential stop means settable from the keyboard 
of said recording means for selectively immobilizing each 
of said differential actuators in a differential position 
indicative of the particubr kind of corresponding order 
character indexed in said keyboard, and a second elec­
trically energizable differential stop means for selectively 
immobilizing each of said differential actuators in a dif-
ferential position indicative of a particular kind of char­
acter; additional means for determining when the mobile 
actuatOf3 are at any of the pluraiity of differential posi­
tions; means for providing information indicative of the 
positions at which said "c(uators were differentially sct; 
means opera lively connected to snid information provid­
ing means and said read-write means for causing a word 
manifestation indicative of the dderentially-set positions 
of snid actuators to be stored in said storage device at 
the selected storage location dictated by said address se-
lecting means; means for receiving a ledger card record 
medium having data and synchronizing information mag­
netically r.:corded (hereon. said means being capable of 
posilioning said medium in operative relationship with 
respect to said recording m~ans so that a subsequent print-
ing operation on said medium is effected by said record­
ing means along a predetermined printing line of said 
mcd~um; signal reproducing means for sensing the in­
formntion magnetically recorded on said ledger c2rd rec­
ord medium; means operatively connected to said signal 
reproducing means and to said read-write means for caus­
ing word manifestations indicative of said magnetically 
recorded data information to be stored in said storage 
device at the particular storage locations selected by said 
address selecting means and at a speed determined by 
said magnetically recorded synchronizing information; 
means settable to a predetermined pattern of control in­
dicative of a desired computational operation to be exe­
cuted; control means responsive to said pattern of control 
and operatively associated with snid read-write means and 
with said address selecting means for effecting the repro­
duction of predetermined word manifestations from said 
storClge device, and including me?ns for executing the 

be immobilized at differentia.! positions collectively indi- 65 
cative of a selected portion or portions of the resuHs of 
said computational operation such that said selected 
pOl'tion or portions of said computational results is sub­
sequently printed on said record medium along said pre­
determined printing -Hne; and means associated with said 70 
signal reproducing means for magnetically recording on 
said ledger c:l.rd record medium a selected portion or 
portions of said computational results while effectively 
erasing the -information previously recorded magnetically 
thereon. 75 particular computational operation on said reproduced 
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word manifestations as indicated by said pattern of con­
trol, all at a speed substantially higher than the opera­
tional speed of said signal reproducing means; synchro­
nizing means operatively connected to said signal repro­
ducing and said control means for synchronizing the op- 5 
erational speeds thereof; means for initiating a cycle of 
operation of said recording means; means operatively con­
nected to said second differential stop means and to said 
additional means for causing said differential actuators to 
be immobilized at differential positions collectively in- 10 
dicative of a selected portion or portions of the results 
of said computational operation such that said selected 
portion or portions of said computational results is sub­
sequently printed on said record medium along said pre­
determined printing line; and means associated with said 15 
signal reproducing means for magnetically recording on 
said ledger card record medium a selected portion or por­
tions of said computational results while effectively eras-
ing the data information previously recorded magnetically 
thereon, all at substantially the same rate of speed as the 20 
operational speed of said signal reproducing means. 

9. An electronic digital computing machine compris­
ing: a storage device of a type providing a plurality of 
addressable storage locations with each storage location 
being capable of having a word manifestation stored there- 26 
in; address selecting means associated with said storage 
device for obtaining access to any chosen storage loca­
tion thereof; read-write means associated with said storage 
device for selectively storing a word manifestation and 
reproducing a word manifestation previously stored at the 30 
particular storage location dictated by said address select-
ing means; key-set recording means capable of selectively 
printing a plurality of characters of a plurality of selected 
kinds on an associated medium during a cycle of opera­
tion thereof, said recording means including means for 35 
driving said recording means through cycles of operation, 
a plural order series of differential actuators each being 
movable between a normal position and any of a series 
of differential positions each indicative of a character 
of a different kind, means driven by said drive means to -10 
advan<:e said differential actuators to differential posi­
tions and again return said actuators to normal position 
in a cycle of operation of said recording means, a first 
differential stop means settable from the keyboard of said 
recording means for selectively immobilizing said differ- 45 
ential actuators in a differential position indicative of a 
particular kind of character; additional means for deter­
mining when the mobile actuators are at any of the plu­
rality of differential positions; means for providing in­
formation indicative of the positions at which said actua- 50 
tors were differentially set; means operatively connected to 
said information providing means and said read-write 
means for causing a word manifestation indicative of the 
differentially-set positions of said actuators to be stored 
in said storage device at the selected storage location 55 
dictated by said address selecting means; means for re­
ceiving a ledger card record medium having data, syn­
chronizing and linefinding information magnetically re­
corded thereon; signal-reproducing means for individually 
sensing the data, synchronizing and linefinding informa- GO 
tion recorded on said ledger card record medium; means 
associated with said receiving means for causing said 
ledger card record medium ,to be positioned in operative 
relationshIp with respect to said recording means and at 
a position dicated by the sensed linefinding information, 65 
such that a subsequent printing operation on said medium 
is effected by said recording means along the particular 
printing line of said medium indicated by said linefinding 
information; means operatively connected to said signal­
reproducing means and to said read-write means for caus- 70 
ing word manifestations indicative of said magnetically 
recorded data information to be stored in said storage 
device at the particular storage locations selected by said 
address selecting means and at a speed determined by 
the sensed synchronizing information; means settable to 75 
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a predetermined pattern of control indicative of a desired 
computational operation to be executed; control means 
responsive to said pattern of control and operatively as­
sociated with said read-write means and with said address 
selecting means for effecting the reproduction of prede­
termined word manifestations from said storage device, 
and including means for executing the particular compu­
tational operation on said reproduced word manifesta­
tions as indicated by said pattern of control, all at a speed 
substantially higher than the operational speed of said 
signal reproducing m~ans; synchronizing means opera­
tively connected to said signal reproducing and said con­
trol means for synchronizing the operational speeds there­
of; means for initiating a cycle of operation of said re­
cording means; means operatively connected to said sec­
ond differential stop means and ,to said additional means 
for causing said differential actuators to be immobilized 
at differential positions collectively indicative of a selected 
portion or portions of the results of said computational 
operation such that said selected portion or portions of 
said computational results is subsequently printed on said 
record medium along the particular printing line dictated 
by the sensed Iinefinding information; means associated 
with said signal reproducing means for magnetically re­
cording on said ledger card record medium a magnetic 
indication whose position correspondings ,to the next print­
ing line along which a subsequent printing operation is 
to be effected on said ledger card record medium, while 
effectively erasing the line finding information previously 
recorded magnetically on said medium; and means asso­
ciated with said signal reproducing means for magnetical­
ly recording on said record medium both synchronizing 
information and a selected portion or portions of said 
computational results synchronized therewith while ef­
f~ctively erasing the synchronizing and data information 
previously recorded magnetically thereon, all at substan­
tially the same mte of speed as the operational speed 
of said signal reproducing means. 

10. An electronic digital computing machine compris­
ing: a storage device of a type providing a plurality of 
separate storage locations, each storage location being 
capable of having a word manifestation stored therein; 
address selecting means associated with said storage de­
vice for obtaining access to any chosen storage location 
thereof; read-write means associated with said storage 
device for selectively s!oring a word manifestation and 
reproducing a word manifestation previously stored at 
the particular storage location selected by said address 
selecting means; means for receiving ledger card record 
media each having data and synchronizing information 
recorded thereon; signal reproducing means for sensing 
said data and synchronizing information and operatively 
connected to said read-write means whereby word mani­
festations indicative of said data information are stored 
in .said storage device at ,the selected storage locations 
selected by said address selecting means and at a speed 
determined by said synchronizing information; means set­
table to a predetermined pattern of control indicative of 
a desired computational operation to be executed; control 
means responsive to said pattern of control and opera­
tively associated with said read-write means and with 
said address selecting means for effecting the reproduc-· 
tion of predetermined word manifesta,tions from said 
storage device, and including means for executing the 
particular computational operation on said reproduced 
word manifestations as indicated by said pattern of con­
trol, all at a speed substantially higher than the opera­
tional speed of said signal reproducing means; synchro­
nizing means operatively connected to said signal repro­
ducing and said control means for synchronizing the op­
erational speeds thereof; and means associated with said 
signal reproducing means for recording on a selected 
one or ones of said ledger card record media a selected 
portion or portions of the results of said computational 
operation together with said synchronizing information, 
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all at substantially the same rate of speed and the op­
erational speed of said signal reproducing means. 
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