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pect to FIG. 14, After a time lapse of upnrowmﬁtely
1 *0 milliszconds, the state of flipflop 6123 is again re-
versed, so that card-drive brake coil CDB is de- cnelgucd
thereby.

With reference back to FIG. 17, when the bottom edge
he ledger card passes over the junction of arms 37i—
photocell PCB is de-energized due to the fact that
the radiant energy from the light source 373 is thereafter
not reflected by the ledger card onto the active area there-
of.  As previously desecribed, photocell PCB is connected
in the circuit of pre-amplifier 4736 (FIG. 83) in such a
manner that the state of line (B)’ is rendered TRUE when
photocell PCB is de-energized. Thus, when line (B)’ is
rendered TRUE, all of the inputs to gate 1775 are, for the
first time, simultaneously TRUE, so that paper-guide
motor PGM is energized and is thereafter caused to ro-
tate in the opposite direction, due to the fact that the
papce-guide relay coil PGR was previously de-energized,
so that relay contacts PGRI through PGR4 are caused
to resume their normal conditions, as shown. As pre-
viously dascribed with respect to FIG. 19, when the paper-
muide moetor is caused to be rotated in a direction oppo-
site to that during a latching operation, the cam 301 is
rotated clockwise, as viewed, so that the compression
rolls 286 and 241 are unlatched from each other. During
ihe unlatching operation, the commutator 349 is rotated
to the position shown in FIG, 28A. 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. When
the state of line N is thus rendered FALSE, the state of
flipflop 63122 is again reversed, so that line (P)’ is ren-
dered TRUE and thereby re-energizes card-drive relay
coil CDR. When coil CDR is energized, contacts CDR-5
are opened and thereby effect de-cnergization of paper-
guide motor PGM.

With reference to FIG, 82, when the state of line P is
thus rendered FALSE, the state of line (EOC)’ is thereby
rendered TRUE. Therefore, with reference to FIG. 92C,
when line (EOC)’ is thus rendered TRUE, indicating that
the ledger card is comp letely ejected from the carriage,
the state of flipflop 6099 is reversed upon occurrence of
the next TRUE-to-FALSE reversal of state of line AN,
When the state of flipflop G080 is thereby reversed, line
LXK 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 TSS is like-
wise rendered TRUE. In response to lines STD and TS5
thus being rendered TRUE, a “STD” subinstruction is
thereafter executed, whereby the contents of section 5 of
the insfruction register is stored in the word-selecting reg-
ister in the manner previcusly described. In addition,
when line STD is rendered TRUE, line (STD)’, of course,
being rendered FALSE, line REC (FIG. 82) is rendered
FALSE, thus terminating the sequence of events initiated
by the “ROC” instruction.
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73. Dectailed Description of ECW Instruction

In executing an “ECW?" instruction, the control counter
portion of the computer operates in conjunction with the
card-handling portion thereof to effect the individual re-
production of linefind, clock, and data information, each
being previously recorded magnetically in a different one
of the three channels of the magnetic strip portion of the
fedger card in the manner just described.

The subprogram for the execution of such an “ECW”
instruction may be divided into three distinct phases.
PDuring 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,
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the sequence of operation nevertheless remains substan-
tially unchanged. During the second phase of the sub-
program, after the ledger card has reached the 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 ejected or placed on the next posting line, the
third and last phase of the subprogram causes the carriage
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. 107C, is a
step-by-step description of the various previously-described
subinstructions to which the computer is sequentially re-
sponsive in executing an “ECW™ instruction.

tep Subinstrue- Dreseription
tions

| MO 2. \ Copy the pest instracs im word from merns iy
inty the insiriedon v
viginory of Lvhe next i T
indicated by the eontents of the word-sefert-
ing reglster; fhereafter, if the eontenis of
sectim 1 of the insiruetion regiser §s 00,
carry ant the subinstruetion listord fn Step-2a
of thie r;lluv*mg BEOW suburogran.,

20cmn PIs-0-2b ... Preset the “J" digit- re sister to 07 thereafier,
g0 10 Step-2b.

2h.....| RLR-0-3.._._. Prezet ' R counter Lo correspond to Inw-order
digit of seerion 2 of the Tnstroetisn Register
and thereafrer go to Step- 3.

b SO OBN(3)-0-4_._} Presetline OBN foa FALSIE state; thereafior,

g to Su‘ -4,

4 .. CCR-20-5._._. Go to Step-i s when a synehrenizing clock im-
pulse i3 magnetically picked up from the
le <1E;L" card. JTowever, when the ledger card
is all the way into lhe carriase jist prior to
reversal, go to 3tep 20 if o clock Impilae bus
not h:,‘on pleked up.

[ CYC-0-6....-- Incremnent the bit-counter; thorealter, go to
Step-6.

[ FLY-0-7.__.. Store {n the *J digit-register the data hit
read from the IPdgcr card, which pit eorres-

ponds to the count of the hil-counter; there-
«1ftor go to Step-7.

i Bd-4-8... ... If the bit—cuunu-r is at a eonnt of *d,” o to
Step-8; otheraise, go to Step-4.

8 . Do-11-9 ... I the dirit-counter i at g eount of “9,7" g9 to
Step-9; o!her’.\'isc. g0 lu Step-11,

[ SR CM-310__.... Clear the pddress in memory specified hy sep-
tion-3 of the instruetion register; thereafter,
g0 1o Step-10.

0. QBN{2)-0-11..] Preset Hine OBN to o TRUTR state; thereaftor,
gn to Step-11.

S - FOW-14-12_..% If the ©J" dmc register Is storing 15,” go to
Stop-12; atherwisy, go to Siep-14.

12 ... 19-13-17._..-. IH digit-epnnter is at a count. of “9,” go to

mp 11 othery ¥ 1o Stanp-13,

13- AD)-0-12. . _| Increment the digit-countoer; thereafter, go to
Gtep-12.

4. AD)-0-15___} Increment the digit-zounter; thereafter, go to
Step-15,

) TR— JTM-3-16_ ... Cogy yp;h‘* digit st rrf’d in the *“ 1" digit-register
memory at the ital positin md,u el by
the eount of the digit-counioer, the address in
memory being specified by s M'nn 3 of the
{nstracid s eogister; there. uu‘r, an tn Sten-14.

16 D417 .. If the dirit-connicr s at a eaont of 9,7 1o to
Step-17; otherwise, go to Step-4,

17 ... 134-18-19 ... It the memory addresses spe by sesiions
3 and 4 of the insir by regiiber are erpaal,
go to Siep-19; otherwise, g to 3ten-18.

18.... IN4GO-4. . ant sectisn 3 of the iustraction register;

ter, gn Lo Step—4,

19.____ 11-22-23. .. order digit ced in section 2 of the
instriction register is a ‘1, go to Siep-2y;
athervise, go (o Sten-22,

20 ... OB’\I (1)-22- If the stute of line OBN is TRUR. g0 bo Sop-
21 othorwice, go Lo Stoa-22

’\It)U (2)-0-1 | Fject the after. go to Step-4.
LFA-0-24 ... Go to Step-24 sxt lineAand impulo
is magaoetically picked uy,

M OU (23-0- Eiject the ladger card; thereafter, go to Step-27,

24 ... })R (3-25 ... Decremant the R-counter; thereafter, go o
Step-25.

25 .| Re-22-26_.____| II the R-counter is at a eount of “0,” go to
SBtep-26; othiorwise, go to Blep-22.

6. L-0-27_._____.| Po-ition the lodger eard on the naxt posiing
line; thereaftor, go to Step-27,

27 L. L1-28-30___. ... If the low er digit in section 2 of the in-
struelion register is a “1,” o to Slep-30;
otheriwise, go to Sten-28,

28 ... 1.3-29-80_ .__._| If the low-order digit in scction-2 of the in-
struetion register is a g %o &o Btep -30;
otlwrsvizse, o to Sten-29.

29 ... RPB-0-30_..._ Upon de pression of Lhe resume-program bor,

) 20 to Step-30.

30....- CLC-0-831_____ Clo<e the acconniing nrichine carriage; therg-

after, go to Siep-31.
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Subinstruc-
tions

Deseription

GO-0-32____.. Go to Step-32 in the Subprogram whenever
depression of a motor Dar will initiate a
machine cycle

If the high-order digit in section 2 of the in-
struction register is a 0" go to Step-33;
otherwise, go to Step-34.

Depress the upper motor bar for a touch opera-
tion thereafier, go to Step—45.

If the high-order digit in section 2 of the in-
struetion register is a “1L,” pgo to Sten-35;
otherwise. go to Step-36.

Depress the uppcer netor bar for a hold opera-
tion; thercufter, go to Step-45.

If the high-order digit in ecection 2 of the in-
stroetion register is a "2, go to Step-37;
otherwize, go to Step-38.

Depress the middle motor bar for a touch
operation; thereaflter, go to Step-45.

If the bigh-order digit in section 2 of the in-

struction register is a “3," go to Step-39;
otherwise, go to Step-40.

Depress the middle motor bar for a hold opera-
tion; thereafter, go to Step-45.

If the bhigh-order digit in section 2 of {he in-
struction register is & ‘4’ go to Slep-4l;
otherwise, go to Step-42,

Depress the suiddle motor har for a hold opera-
tion; thereafter, go to Step-45.

If the high-order digit in section 2 of the in-
struetion register is a “5," go to Step-43;
otherwise, go to Step-44.

Depress the lower motor bar for & hold opera-
tion; thereafier, go to Step-45,

If the high-order digit in section 2 of the in-
struetion register is a “‘6,” go to Step-48,

When the amount racks are traveling in a
setting direction, go to Step-46 in the sub-
program each time the timing rack changes
from one digital valued position to another,
and also upon engagement of the printing-
aligner.

Increment the ¥F-counter; therealter, go o
Step—47.

If the F-counter is at a count of “9,” go to
Step-48; otherwise, go to Step-45.

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

He-34-33_____.

MB¢ (1)-0-45_
H1-36-35._____

MBe (2)-0-45.
T12-38-37__.__.

MB1 (1)-0-45.
113-40-39____..

MB1 (2)-0-45.
T4-42-41______

MB2 (1)-0-45.
H5-4443._____

MB2 (2)-0-45.

PCT-0-46___..

AF-047 ..
Fo-45-48____..

With reference to FIG. 76, upon completion of the pre-
viously-initiated subprogram, the state of flipflop 6092 is
reversed by a TRUE-to-FALSE reversal of state of line
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
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—i.e., “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 substantiaily completed, line
AN (FIG. 61) is again rendered TRUE and, ten micro-
seconds later at TIME-1, 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 flipfiop 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.

Reference is now made to FIGS. 91A through 91C,
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
a TRUE-to-FALSE reversal of state, the state of flipflop
6094 is reversed, and line MOU is thereby rendered
TRUE. As long as lines MOU and 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
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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
the accounting machine, as indicated by the contacts of
each of serially-connected switches 496, 510, 518, and
K1-—7 being closed, so that line GO is thereby rendcred
TRUE; and that the carriage of the accounting machine
is closed, so that the movable arm of switch 333 is in the
positicn shown, so that line (D) is TRUE.

Therefore, when line RED is initially rendered TRUE,
line { 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
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
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
line D 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 7% in the manner previously described with respect
to FIGS. 15 through 17. After the lower compression
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,
when line G is rendered TRUE, all of the inputs to gate
1757 (FIG. 81) are simultaneously TRUE, and, as a re-
sult, enter-card lamp EC (see also FIGS. 1 and 2) is
illuminated, thus providing a visual indication that the
computer is ready to receive a ledger card.

Afler 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 PCA1 and
PCA2 are de-energized thereby. With reference to FIG.
83, photocells PCA1 and PCA2 are connected in the cir-
cuit of pre-amplifiers 4734 and 4735, respectively, and
in a manner previously described with respect to FIG.
5th, so that lines Al and A2 are respectively renderced
TRUE when photocells PCAT and PCA2 are de-ener-
gized, With reference to FIG. 22, when the ledger caid
is manually moved upwardly as viewed, photocell PCB is
energized in @ manner previously described with respect
to FIG, 17. With reference now to FIG, 83, when photo-
ccll PCB is energized, line B is thereby rendered TRUE.
As a result of the inputs to gate 1776 all being TRUE
simultancously, paper-guide relay coil PGR is energized.
Consequently, relay contacts PGR-—1, PGR—2, and
PGR—35 are closed, whereas contacts PGR—3 and
PGR—4 arc opened thereby. As a result, paper-guide
motor PGM is thereby energized and thereafter roiates
latching cam 301 (FIG. 19) counter-clockwise to latch the
compression roll 226 against the card-handling platen
241, as shown, with the forward edge portion of the ledger
card being firmly secured therebetween.

After the latching operation is completed, line E is
rendered FALSE and line N is rendered TRUE in a man-
ner previously described with respsct to FIGS. 16 and
28B. As shown in FIG. 83, when line E is thus rendered
FALSE, paper-guide relay coil PGR is de-energized, and
the contacts 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 6121 is reversed, so that line (KK)’ is momen-
tarily rendered FALSE. However, after a time lapse of
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approximately 250 milliseconds, the state of flip-flop 6121
reverts back to its origimal state, so that line (KK) is
rendered TRUE, and, as a result, card-drive motor CDM
15 energized thereby,

When the card-drive motor is energized at this time,
the ledger card is automatically driven into the carriage
of the accounting machine in the same manner as previ-
ously described with respect to FIG. 17, so that the mag-
netic sirip on the leftmost margin thereof passes directly
over the magnetic recording-reproducing head assembly
343, shown in FIG. 19. As the leading edge of the ledger
card passes cver photocell PCC (FIG. 17), the radiant
erergy from the light source 373 is reflected from the
ledger card onto the active area thereof, so that photo-
21l PCC is energized thereby. As previously described
with respect to FIG. 83, line C is rendered TRUE as a
result of photocell PCC being energized. With refer-
ence now to FIG. 85, when linc 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 6145
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 {rom the information previously o

stored in the data and clock channels, respectively, on
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 heads, clock and data
impulses are derived, thereafter amplified, D.C. restored,
and 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

Laving an alternating polarity at a repctition rate of ap- .

proximately 200 cycles per second appear amplified and
inverted at the output of transistor gate 1865 in the same
manner as previously described with respect to FIG. 48i.
In response to each of the clock impulses, the state of
flipflop 6148 is reversed, and line CCR is rendered TRUE,
However, approximately 1240 microseconds later, the
state of flip-flop 6148 reverts back to its initial state, so
that line CCR is rendered FALSE thereby, all of which
is fully illustrated in FIG. 87D.

With reference now to FIG. 91A, at TIME-1 after a
clock impulse is derived and line CCR is rendered TRUE
by a reversal of state of flipflop 6145 (FIG. 85), the
state of flip-flop 6087 is reversed, so that line GC is
thereby rendered TRUE, line (GC)’, of course, being
simultaneously rendered FALSE. When line (GC)’ ex-
periences a TRUE-to-FALSE reversal of state, the state
of {lipflop 6088 is reversed, so that line JHR is rendered
TRUE thereby. Forty microseconds later at the follow-
ing TIME-1 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 forty microseconds. As illustrated in FIG, 87D, the
state of line CSA is rendered TRUE by flipflop 6144
(FIG. 85) 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 TIME-3 after
line JHR is first rendered TRUE, line PI¢ experiences a
TRUE-to-FALSE reversal of state and thereby causcs
the “J” digit-register (FIG. 71) to be preset to zero.
Also at TIME-3 after line JHR is rendered TRUE, the
state of line CYC is reversed {rom TRUE to FALSE.
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As a result, the bit-counter (FIG. 62) is incremented
from a binary count of “d” to a binary count of “a.”

1f it is assumed thut the first decimal digit to be mag-

nietically picked up from the ledger card by the data head
is a2 “9"—i.e., binary 1001, as illustrated in FI1G. 87D—
Jine CSA is rendered TRUE at the first TIME-1, indicat-
ing that the binary value of bit “¢” of the digit is a *1.”
Thus, with reference back to FIG. 183, as line CSA is
now TRUE, indicating that bit “a” of the digit is a binary
“1,” the state of line JL is reversed from TRUE to FALSE
at TIME-4 afier line JHR is rendered TRUE. There-
fore, with reference to FIG. 71, as the bit-counter is now
at a binary count of “q,” so that line Ba is TRUE, the
state of flipflop 6870 is reversed when line JL is thus ren-
dered FALSE, and, as a result, line Ja is thereby rendered
TRUE, indicating that bit “¢” of the digit stored in the
“J dimit-register is a binary “1.”  As Dbits “b” and “¢” of
st digit to be read from the ledger card both have a
e of *0,” as illusirated in FIG. 87D, the state of line
A (FIG. 85) is rendered FALSE by a reversal of state
of flipflop 6144 as a result of the negative-going impulse
derived by the data head, end remains FALSE for two
bit time periods until the next positive-going impulse is
derived indicative of the binary value of bit “4.”
As dine CSA is now FALSE, indicating that the binary
value of bit “»” is “0,” line JL (FIG. 918) is likewise
rendered FALSE., At TIME-2 after line JHR is rendered
TRUE for the second time by the second clock impulse
derived by the ciock head, the bit-counter is advanced
from & binary count of “d” to a binary count of “¢” due
to a change of staie of line CYC. Therefore, with ref-
erence back to FIG. 71, as line JL remains FALSE be-
fore and after line BH from the bit-counter is rendered
TRUE, the staic of flipflop 6369 remains unchanged, so
that the state of line Ib is FALSE, indicating that the
binary value of bit “8” of the digit stored in the “J” digit-
register is a “0.” The above-described sequence of events
is scquentially repeated until lines Ja and Jd of the “J”
digit-register are each rendered TRUE, lines Jb and Je
remaining FALSE. Thus, the states of lines Ja through
Jd collectively represent the binary value of the digit just
read from the ledger card—ie., “1G01.”

With reference back to FIG. 91B, after the first-order
digit is magnetically read from the ledger card and is
stored in the “J” digit-regisier via line JL, the digit-coun-
ter being at a count of “9” and the bit-counter being at
a count of “d,” the stale of flipflop 6682 is reversed and
line CM rendered TRUE at the first TIME-1 after line
FHR is rendered TRUE for the fifth time. When line CM
is this rendered TRUE, line TS3 is likewise rendered
TRUE. Consegquently, in response to lines CM and TS3
being rendered TRUE, a “CM” word-cycle is thereafter
cxecuted, whereby the address in memory specified by the
contents of section 3 of the instruction register is clearcd
by the writing of all zeros therein, Upon completion of
the just-initiated “CM” word-cycle, line AN experiences
4 TRUE-to-FALSE reversal of state, so that the state of
flipliop 6282 is reversed and line CM is thereby rendered
FALSE. With reference to FIG. 91A, when line CM ex-
periences 2 TRUE-to-FALSE reversal of state, the state
of flinflop 6856 is reversed, so that line (OBN)’ is there-
by renderod FALSE.

It is to be noted at this point that the specified ad-
dress in memory is not cleared until it has been deter-
mined that the ledger card just fed into the cemputer is
not a new card; i.e., a card having no information mag-
netically recorded thereon. As a result of the “J” digit-
register being loaded with a digit having a value other
than zero, it is thereby determined that at least one deci-
mal digit is magnetically recorded on the ledger card.
Also, by clearing the particular address in memory before
a digit is stored thercin, the computer is immediately per-
mitted 1o proceed with respect to the next successive ad-
dress in memory whenever an end-of-word notation s
read from the ledger card, an end-ef-word notation {i.c.,
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binary 1111) indicating that the remainder of the high-
order digits of the word are zeros. Thus, as the re-
mainder of the high-order digitsl positions in the partic-
ular address in memory are already preset to zero, the
digit-counter is thus permitted to return to a count of “9”
when zn end-of-word notation is detected, without the
need of executing successive read-write cycles with re-
spect to each of the remaining digits of the word having
a valve of zerc,

With reference to FIG. 81A, when line CM is thus
rendered FALSE, the state of flipfiop 6861 is reversed,
so that line TH is thereby rendered TRUE., At TIME-1
after line TH is thus rendered TRUE, the state of flinflop
6104 is reversed, so that line SES is rendered TRUE
thereby, Also, with reference to FIG. 91B, at TIME-3
after line TH is thus rendered TRUE, line AD expericnces
a TRUE-to-FALSE reversal of state and thereby ceuses
the digit-counter to be incremented frecm a count of “9”
to a count of “0.” JIn addition, due to the fact that the

digit now stored in the “J” digit-register is other than an ¢

end-of-word notation, so that tine (EOW)’ is TRUE,
line JM is also rendered TRUE when line TH is thus ren-
dered TRUZE. When line JM is rendered TRUE, line
TS3 is likewise rendered TRUE. Consequenily, in re-
sponce to lines JM and TS3 thus being rendered TRUE
and the digit-counter being at a count of “0,” a “IM”
digit-cycle is thereafter executed, whereby the digit iust
stored in the “J” 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 register.

in the present example, as the first digit read from the
ledeer card and stored in memory is not an cnd-of-word
notation, and as there are therefore other digits of the
word magnctically recorded on the card, the “I” digit-
register is again preset to “0” by a TRUE-to-FALSE re-
versal of state of line PJo at TIME-3 after line JHR i
again rendered TRUE. Thereafter, the bit-counter is suc-
cessively incremented from a count of “d” through counis
“a,” *6,” and “¢” and back to a count of “d,” during which
time the second digit magnetically read from the ledger
card is stored in the “J” digit-register via line JL in exact-
ly the same manner as just described. Thereafier, the
digit-counter is advanced from a count of “0” to a count
of “1,” and the digit thus stored in the “J” digit-register is
thereafter stored in the second-order digital position of
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
noted that line TH is rendered FALSE at each TIME—-
by a reversal of state of flipflop 6061 after each “JM”
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 6184 is reversed and
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 dec-
tected, as indicated by line EOW being rendered TRUE in
the manner previously described with respect to FIG. 71.
If an end-of-word notation is not detected, the state of
flipflop 6104 is again reversed, and line SES is thercby
rendered FALSE at the following TIME-1 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
reversed from a TRUE stote 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 “17 in the
manner previously described.

It is therefore evident that line SES is rendered TRUE
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
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stored in memory. This is accomplished by the comparing
of the coutenis of scctions 3 and 4 of the instruction reg-
ister for equality in the manner previously described with
respect to FIG. 59. As before described, if equality exists
between sections 3 and 4 of the instruction register, line
(134} is rendered TRUE; otherwise, line (I134)’ 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 {s magnetically read from the ledger
card and stored in the “J” digit-register, as before, a “CM”
word-cycle i3 again initiated, and the above-described se-
Gquence of events is again repeated, If, however, there is
eguality between the contents of scctions 3 and 4 of the
instruction register, the state of flipflop 6098 (FIG. 91A)
is reversed when line SES is rendered FALSE, and, as a
result, line ROS is thereby rendered TRUE.

After the magnetic 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 reversal spot (indicated
as 376 in FIG. 88A), located in the top margin of the
ledger card, passcs over the junction of the members 371
and 372 (FiG. 17), the radiant energy from the light
source 373 is absorbed by the dark area thereof to the
extent that the photocell PC3 is thus de-energized. With
reference to FIG. 83, when photocell PCB is de-energized,
the state of line B is rendered FALSE thereby. When
line B is thus rendered 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—3 are closed and thereby render line (U)’
TRUE. With reference to FIG. 82, also when coil CDR
is de-energized, relay contacts CDR—1 and CDR—2 are
opened, whercas relay contacts CDR—3 and CDR—4 are
ciosed, as shown, thus causing a reversal of subsequently-
applied current through the armature of motor CDM and
a subsequent reversal of rotation thereof. However, when
line (P}’ is rendered FALSE, card-drive motor CDM is
de-energized by the cutput of gate 1770 simultancously 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
CD3B is energized.  Consequently, when solenoid CDB is
energized, the ledger card is brought to a sudden standstill
in the manner previously described with respect to FIG.
14. However, approximately 120 miiliseconds after sole-
noid CDB is energized, flipflop 6123 reverts back to its
initia] state, so that solenoid CDDB is thereby de-energized.

With reference to FIG. 82, when the state of flipflop
6122 (F1G. 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 ds thereafter properly posi-
tioned in the carriage 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, if it is assumed that the low-order digit in
section 2 of the instruction register is an “8,” indicating
that the ledger card is to be gjected, 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 (F1G. 17), photocell PCB is agzin energized, and line



2,112,394

183

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. However, when the trailing cdge
of the ledger card passes over the junction of the leg
members 371 and 372, photocell PCB is again de-cner-
gized, and line B is again rendered FALSE.

Consequently, with reference to FIG. 83, as all of the
inputs to logical AND 1775 are simultancously TRURE
after the ledger card is ejected from the carringe onto
the loading table, paper-guide motor PGM is thus ener-
gized and thereafter effects unlatching 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
the unlatching operation is completed, movable arm 336—
339 (FIG. 83) is essentially deflected downwardly, 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,

so that card-drive relay coil CDR is again energized. As
a result of relay coil CDR thus being energized, contacts
CDR—S5 are opened and thereby render line (U)’ FALSE,
and contacts CDR—1 through CDR—4 (FIG. 82} revert
to their initial conditions, as shown. In response to line
(U)’ thus being rendered FALSE, card-drive motor CDM
(FIG. 82) and paper-guide motor PGM (FIG. §3) are
both simultaneously de-energized.

When the state of flipflop 6122 (FIG. 83) is reversed,
so that line P is rendered FALSE, the state of line EOC
(FIG. 82) is likewise rendered FALSE thercby. With
reference to FIG. 91B, when line EOC is rendered
FALSE, indicating that the ledger card has been com-
pletely ejected from the carriage onto the loading table,
the output of gate 1610 experiences a TRUE-to-FALSE
reversal of state. As a result, the state of flipflop 6694 is
reversed, and lines MOU and RED are both rendered
FALSE. With reference to FIG. 81, enter-card lamp
EC is extinguished when line RED is thus rendered
FALSE, thus providing a visual indication that no other
ledger cards are to be fed into the computer at the present
time. It is to be noted, however, that, while linc RED
is TRUE, enter-card lamp EC is illuminated each time
photocell POC is de-energized and is extinguished each
time photocell PCC is energized. With reference now
to FIG. 82, as it has been assumed that the numeral “8”
is stored in the low-order digital position of section 2 of
the instruction register, the state of line 164, hence line
CLC, is therefore TRUE. Consequently, when line
(RED)’ is rendered TRUE, carriage open-close solenoid
Y is thus energized and thereafter cffects closure of the
accounting machine carriage in the same manner as
previously described with respect to FiG. 38. During
the carriage-closing operation, the lower compression

rolls 288 (FIG. 17) are brought into engagement with ;

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 carriage is closed, the movable arm
of switch 333 is thereafter in the position shown, so that
line (D)’ is thereby rendered TRUE 2ond tine 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 CHP is cnergized and there-
after effects unlocking of the accounting machine car-
riage in the manner previously described with respect to
FIG. 29. However, approximately 40 milliseconds after
the state of flipflop 6124 is initially reversed, its state
reverts back to its initial condition, so that solencid CHP
is thereby de-energized. As shown in FIG. S1A, the state
of flipflop 6118 is reversed and line WOA is rendered
TRUE at TIME-3 after line (D)’ is rendered TRUE.
When line (WOA)’ is thus rendered FALSE, the state
of flipflop 6128 is reversed, so that line (RF)’ is thereby
rendered FALSE. However, approximately 250 mil-
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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 reference to FiG. 91C, when line WOA is ren-
dered TRUE, a selected one of motor bar solenoids MBg,
MB1, 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 described
in detail. Consequently, a selected one 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 deflected to the left,
as viewed, so that line (NT)’ is thereby rendered TRUE.,
There after, each time the timing rack is translated from
one digital value position to a successively higher-order
digital value position, the state of flipflop 6472 is reversed,
so that line PCT experiences a TRUE-to-FALSE reversal
of state, all of which has previously been described in
detail with respect to the “EKW” instruction. Also, as
previously described, a TRUE-to-FALSE reversal of state
of line PCT eflectively increments the F-counter by a
count of “1.”

With reference to FIG. 91A, after the ¥F-counter
reaches a count of “9,” so that line F9 is TRUE, all the
inputs to gate 1783 arc thereafter TRUE. As previously
described with respect to FIG. 61, at TIME-1 after line
PC is rendered TRUE by a reversal of state of flipflop
6549, line AN cxperiences a TRUE-to-FALSE reversal
of state. Thus, with reference back to FIG. 91A, the
state of flipfiop 6188 is reversed and line WOA is ren-
dered FALSE when line AN is rendered FALSE at
TIME~1 after line F9 is rendered TRUE, When line
WOA is thus rendered FALSE, the state of flipflop 61¢7
is reversed, so that line STD is rendered TRUE.

With reference to FIG. 91B, when line STD is thus
rendered TRUE, line TSS is likewise rendered TRUE.
Thereafter, in response to lines STD and TS5 being ren-
dered TRUE, a “STD” subinstruction is executed where-
by the contents of section 5 of the instruction register is
stored in the word-selecting register, thus terminating the
scquence 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 by a reversal of state of flipflop 6118 due to line
AN subsequently being rendered FALSE after line (RF)’
is rendered TRUE by a reversal of state of flipflop 6120.
Thus, when line WOA is rendered FALSE in this in-
stance, line H6 being TRUE, the state of flipflop 6107
is reversed, as before, so that line STD is thereby ren-
dered TRUE.

It will now be assumed that the ledger card, initially
fed into the card-handling 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 described.
In this instance, the carriage of the machine is opened;
the lower compression rolls are therecafter disengaged
from the accounting machine platen; and the ledger card
is manually placed face down on the loading table and
thereafter automatically driven into the accounting ma-
chire carringe in exactly the same manner as just de-
scribed. After the data information is magnetically
picked up from the magnetic strip portion of the ledger
card and 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 as just
described. However, 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 instruction register is
either one of the digits “1” through “3” and “5” through
“7,” the state of flip flop 6854 (FIG. 91B) is reversed at
TIME-1 after line EGC is rendered TRUE, indicating
that the ledger card is completely scanned, due to a
TRUE-to-FALSE reversal of state of the output of gate
1611. Consequently, the states of lines MOU and RED
are simultaneously rendered FALSE just after the initial
forward direction of movement of the ledger card is
reversed,

With reference to FIG. 85, as the state of line (L)’ is
normally TRUE, the state of output line Q is likewise
rendered TRUE by gates 1802 and 1811 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 rendered 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.
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. Also, as previously
desciibed with respect to FIG. 83, line B is rendered
TRUE when the photocell PCB is encrgized. With ref-
erence to FIG. 85, when line B is thus rendered TRUE,
the lowermost reference input to flipfiop 61486, as viewed,
is thereby rendered FALSE, and line M14 is simultane-
ously rendered TRUE. When the lowermost reference
input to flipflop 6146 is thus rendered FALSE, the flip-
flop is thereafter properly cenditioned to be responsive
via line (Re)’, to a predetermined one of the negative-
going linefind impulses derived by linefind head 346
from the information previously stored in the linefind
channe! of the magnetic strip portion of the ledger card.

Consequently, each time a negative-going lincfind im-
pulse is derived by pick-up head 346 as the ledger card
is being driven outwardly from the accouniing machine
carriage, the impulse appears amplified and inverted at
the output of transistor gate 1886. As a result, the state
of output line LFA experiences a FALSE-to-TRUE-to-
FALSE reversal of state each time a linefind discon-
tinuity is magnetically sensed by pick-up head 346.

it is to be appreciated at this point that, when an
“ECW?” subprogram is first initiated, the R-counter is
preset to a count of “1,” “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 digit in section 2 of the instruction register
is a “1” or a “5,” the R-counter is preset to a count 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 “27; and if the low-
order digit is a “3” or a “7,” the R-counter is preset
to a count of “3,” all of which is clearly illustrated in
FIG. 68.

As previously noted, a “0” in the low-order digital
position of section 2 of the insiruction register initiates
a “enter-new-card-with-manual-resume-program” cycle of
operation.

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 preset to a count of “3,” so that lines Ra and Rb
(FIG. 68) are rendered TRUE, whereas lines Re 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 discontinnity 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 discontinuity is detected. Therefore, when the third
linefind discontinuity is detected, the R-counter is dec-
remented from a count of “1” to a count of “0,” so that
line R¢ (FIG. 68) is thereby rendered TRUE. With ref-
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erence to FIG. 83, when the state of line (Rg¢), is ren-
dered FALSE, the state of flipflop 6146 is reversed, so
that line (L)’ is thereby rendered FALSE. As a result,
line Q likewise is rendered FALSE. With reference to
FiG. 82, as a result of line Q thus being rendered FALSE,
the card-drive motor CDM 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 card-
drive brake solenoid CDB is encrgized for a period of
approximately 120 milliseconds and thereby causes the
ledger card to be brought (¢ a sudden standstill.

At this point, the ledger card is properly positioned
with respect to the next posting line and is held tightly
pressed against the card-drive piaten 241 (FIG. 19) by
means of the compression rollers 296 in order to main-
tain proper register thereof. Im addition, the carriage
is now open, so that additional forms may manually be
inserted therein, if desired. With reference to FIG. 82,
line EOC is likewise rendered FALSE when line (L)' is
rendered FALSE., Due to the fact that line CLC is ren-
dered TRUE as a result of an “automatic” resume-pro-
gram operation being specificd by the value of the low-
order digit of section 2 of the inmstruction register, car-
riage-close solenoid Y is encrgized 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 resume-
program is specified by the value of the low-order digit
of section 2 of the instruction register, line CLC is ren-
dered TRUE upon subsequent depression of the resume-
program bar, at which time line RPB is rendered TRUE,

During the carriage-closing operation, the lower com-
pression roils 288 (FIG. 17) are spring-urged into en-
sagement with the accounting miachine platen 71, with
the lower edge of the ledger 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 de-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-urged to the pesition shown
in FIG. 17, and the switch arm 336—339 (FIG. 82) is
effectively deflected downwardly to the position shown,
so that line E is rendered TRUE and line N is rendcred
FALSE thereby. Also, afier the unlatching operation is
completed, the plunger of switch 333 (FIG. 16) is re-
leased by the tail of membzor 329, so that the movable
arm of switch 333 (sce FIG. 82) is deflected to the posi-
tion shown, so that line {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-home-unlock solenoid
CHP is energized for a period of approximately 40 milli-
scconds and thereby allows the accounting machine car-
riage to thereafter be moved away from home position
when a machine cycle is subsequently initiated.

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 solencid CDR thus being
cnergized, relay contacts CDR-5 are opened and thereby
cause paper-guide motor PGM to be de-energized. Simu!-
taneously therewith, relay contacts CDR-1 and CDR-2
(FIG. 82) arc closed, whereas relay contacts CDR-3
and CDR~4 are opened thereby. With reference to FIG.
91A, at the following TIME-3 after line (D)’ is rendered
TRUE, the state of flipflop €118 is reversed, so that line
WOA is rendered TRUE thercby. As a result of line
WOA thus being rendered TRUE, the particular motor
bar depression indicated by the value of the high-order
digit in secticn 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. 918, when line STD is thus rendered
TRUE, line TS5 is likewise rendered TRUE. Conse-
quently, in response to lines STD and TS5 being rendered
TRUE, a “STD” subinstruction is thereafter executed
whercby the contacts of section 3 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 Instruction

¥n executing a “shift” instruction, one of five possible
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-
tents 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 rcgJSter is a “2,” the
word stered 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 instruc-
tion register; if the high-crder digit stored in section 2
of the instruction recgister is a “3,” the word stored in
memory at the address specificd by section 3 of the in-
struction register is shifted to the right by the number of
digital positions specified by the value of the low-order
digit in section 2 and is rounded off to the nearest half-
cent, and, thereafter, the result is stored in memory at
the address specified by sectien 4 of the instruction regis-
ter; if the high-order digit in section 2 of the instruction
register is a “4,” the word stored in memory at the ad-
dress specified by section 3 of the instruction register is
shifted to the right by the numbet of digital positions
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- oxder digit in section 2 of the instruc-
tion register is a “3,” the word stered in memory & at the
address specified by section 3 of the instruction register
is shifted to the right by the number of digital positions
specified by the value of the low-order digit in section 2
of the instruction register, without preserving its algebraic
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-
described subinstructions to which the computer is sequen-
tially responsive in executing a “SHF” instruction.

Subinstruc-
tions

Step Description

Copy the next instroetion word into the in-
struetion register, the address in memory
of the pest instruction word heing indicoted
iy the contents of the word-relecting reaister;
thoreafter, if 1he contonts thus stored in sce-
tion | of the instruction register s “04,” carry
out the subinstruction listed in Step 2 of the
following SITF suhprogram.

Copy into address-A the word stored in mem-
ory nt the address specified by section 3 of
the instrueciion rog w, and, shimeltaneons)y
therewith, copy the w md dipit e dieid into
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Step Suhinstrue- Description
tions

IS SR OBM(4)-0-4__| Preset the state of line OBM to correspond to
the algebraic sign of the word just read from
memory; thereafter, go to Step 4.

[ S RLR-0-5...... Preset the R—counter to a count corresponding
to the low-order digit of section 2 of the in-
struction regizter; therealter, go to Step 3.

I Re-0-18______. If the R-counter is at a count of *0,”’ go to Step
18; otherwise, go ta Step 6.

[ — M2-7-106. .. ___ If the high-order digit in section 2 of the In-
struetion register is a ¢2,”" po to Step 10;

otherwise, go to Step 7.

7ol TI3-8-11 ... Ifrhu high-order digit in section 2 of the instrue-
tion rogi;ler isa ““3,” goto Step 11; otherwise,
go to Step 8.

8o .. 4-9-12_ ... If the high-order digit in section 2 of the in-
struction register is a “4,” go to Step 12;
olherwise, go to Step 8.

¢ D I5-0-14._____. If the high-order digit in section 2 of the in-
struetion register is a *5,” go to Step 14,

U SA(1)-0-16___._1 Shift the word of addm\vA one place to the
left; thereafter, £0 to Step 186.

11 ... R1-12-15.__._. If the R-counter is at a count of “1,”’ go to
Step 15; otherwise, go to Step 12

12___.. OPmI 2)-13- If the state of line OBM is T LLUE, go to Step
14; otherwize, go to Step 13.

13..._. PKQ 0-14_____ Preset the K7 di git-regiater to “4"; therealter,
2o to Step 14.

4. SA(2)-0-16__..1 Shift the word of address-A one place to the
right; thereafter, go to Step 16,

15. .. ARO-0-12___ Add the constant BGDGO00005 Lo the word stored
in address-A; thereafter, g0 to Step 12,

16, 5B(1y-0-17__..| Shift the \vord of address-B one place to the
left; thereafter, go to Step 17.

17, DR-0-5....___ D(;cremont the R-counter; thereafter, go to

tep O,

18 ... AM-4-19__.___ Copy the word of address-A into memory at
the address specified by the contents of cec-
tion 4 of the instruction register; thereafter,
g0 to bStep 19. i

10, . 8TD-5-*. ... Copy the contents of section 5 of the instruction
reglsler into the word-selecting register.

Upon completion of the execution of the previously
initiated “MI” word-cycle, during which time the next
mstruction word is read out from the address in memory
specified by the contents of the word-selecting register
and thereafter stored in the iInstruction 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 following 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 TIME-1 after the initiation of a “MI1”
ward-cycle, the state of flipflop 6995 is reversed and line
OBM is rendered FALSE thereby. Upon completion of
the “M1” word-cycle, the state of flipflop 6091 is reversed
due to a TRUE-to-FALSE reversal of state of line MIN,
and, as a result, the state of line MA is thereby rendered
TRUE. Due to the fact that line TS3 is also rendered
TRUE when line MA is rendered TRUE, a “MA™ word-
cycle is thercafter 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.
Simultaneousty therewith, the word from memory is
copied digit by digit into the *“J” digit-register via gate
1418 (FIG. 71), all in the manner previously described.
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
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 MA is thercby
rendered FALSE.,

If the tenth-order digit thus stored in the “J” digit-
register has a value other than “9,” so that the line (J9)’ 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
“MA” word-cycle, the R-counter having previcusly been
reset to zero vin a TRUE-to-FALSE reversal of state of



3,112,394

12

line PR¢ when line STD is rendsred FALSE at the begin-
ning of the “shift” subprogram. Consequently, line OBM
is rendered TRUE thereby. If, however, the tenth-order
digit thus stored in the “J” digit-registcr has a value of
“8,” so that line (J9)’ is FALSE, indicating that the alge-
braic sign of the word is negative, the state of flipflop
6095 remains unchanged, so that line OBM remains
FALSE. It is evident, therefore, thai 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-
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
being reversed from TRUE to FALSE, the low-order digit
of section 2 of the insiruction register is stored in the
R-counter in the same manner as previously described
with respect to FIG, 68, Thus, if the R-counter is there-
after storing a “0,” indicating a “no shift” or copy opera-
tion, the state of flipflop 6977 is reversed when line AN is
subsequently rendered FALSE and line AM is thereby
rendered TRUE. When line AM is rendered TRUE, line
TS84 is likewise rendered TRUE. Consequently, in re-
sponse to lines AM and TS84 thus being rendered TRUE,
an “AM” word-cycle is thereafter executed whereby the
word stored in address-A is copied into the memeory 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 word in address-A is to
be shifted by the number of digital positions correspond-
ing to the value of the digit stored in the R-counter.

With reference to FI1G. 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 H2 being TRUE, the state of flipflop
6161 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, line DBD
(FIG. 93B) remaining “FALSE,” a “SA” subcommand
is thereafter executed whereby the word in address-A is
shifted to the left by one digital position. After the shift-
ing operation is completed, the state of flipflop 6161 is
reversed, and line SA is rendered FALSE thereby. When
line SA is thus rendered FALSE, the state of flipfiop 6163
is reversed, so that line 8B is rendered TRUE thereby.
With reference to FIG. 93B, just prior to line SA being
rendered FALSE, line DR is rendered FALSE upon occur-
rence of the next succeeding TRUE-to-FALSE reversal
of state of line AN and thereby causes the R-counter
(FiG. 68) to be decremented by a count of “1.” 1f, after
being decremented, the R-counter is at a count other than
“0,” a second “SA” subcommand is thereafter initiated
by a reversal of state of flipflop 6161 (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-
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.

With reference to FIG. 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 H5 is TRUE instead of line H2, line DBD is
rendered TRUE each time line SA is rendered TRUE.
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 the same manner
as previously described in detail. However, it is again fo
be noted that a TRUE state of line H4 initiates a sequence
of “SA” subcommands whereby the digit “9” is copied
into the tenth-order digital position each time a negative
word is shified to the right by one digital position, thus
preserving the algebraic sign of the word; a TRUE state
of line HS, however, initiates a sequence of “SA” shift
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right subcommands whereby the algebraic sign of the
word s 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 cne less than
the number of shifts specified while preserving its alge-
braic sign, and, thereafter, the constant 0000000005 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 (i.e., the contents of section 2 of the instruction reg-
ister being “327), the sequence of events for carrying out
this particular shift instruction is as follows:

Upon completion of ihe previously-initinted “MT” word-
cycle, the state of flipflop 6587 (FIG. 93B) is reversed,
and line MA is thcereby rendered TRUE. Line MA, be-
ing rendered TRUE, initiates o “MA” word-cycie where-
by the word stered in memory at the address specified by
section 3 of the instruction register is read out and siored
in address-A. Just prior io the termination of the "MA”
word-cycle, the low-order digit of section 2 of the instruc-
tion register-—i.e., “2”—i3 stored in the R-ccunter. Thus,
with reference to FIG. 93A, the cutput of gate 1671 ex-
periences a TRUE-to-FATLSE reversal of siate upon com-
pleiion of the previous!y-initiated “MA” word-cycle. Con-
sequently, the state of flipflop 6101 is reversed, and line
SA is rendered TRUE, so that a “SA” subcommand is
thereafter exccuted, whereby the word in address-A is
shifted to the right by one digital position. Afier the
shifting operation is completed, the sinte of flipflop 6131 is
reversed, and line SA is thereby rendered FALSE. When
fine SA is thus rendered FALSE, the state of flipflop 6163
is reversed, so that line SB is thereby rendered TRUE.
With reference to FiG. 93B, also when line SA 1s thus
rendered FALSE, line DR is likewise rzudered FALSE.
Conscquently, the R-counter is decromented from a count
of “2” to a count of “1.” As the R-counter is now at a
count of “1,” so that line RY is TRUE., as the high-order
digit in section 2 of the instruction register is a “3.” so that
line 13 is TRUE, and as line 5B has just been rendered
TRUE upon completion of the “SA” subcommand, the
state of flipilop 6978 is reversed upon occurrence of the
next TRUE-to-FALSE reversal of state of line AN, Asa
result, line ARO is thereby rendered TRUE., As previ-
ously described, in response to line ARO thus being ren-
dered TRUE, an “ARO” subhcommand is thereafter exe-
cuted whereby the constant CHHOG3085 is added to the
word in address-A. Upon completion of the “ARO” sub-
command, the state of flipfiop 6073 is reversed by a
TRUE-t0-FALSE reversal of stute of line AN, and line
ARO is thus rendered FALSE. With reference to F1G.
93A, when iine ARO is thus rendered FALSE, the state
of ilipflop 6181 is again reversed for the second time, so
that a second “SA” subcommand is thereafter executed,
whereby the word in address-A is again shifted to the
right by oae digital position. Upon compietion of the
second “SA” subcommand, the state of flipflop 6181 is
again reversed by a TRUE-tc-FALSE reversal of state
of line AN, and line SA is thereby rendered FALSE.

With reference to FIG. 938, 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 back to FIG. 93A, as the R-counter is
now at a count of “0,” so that line (Re¢)’ is thus rendered
FALSE, subsequently-initiated “SA” subcommands are
thereby prevented. With refercuce now to FIG. 93B,
upon occurrence of a subsequent TRUE-to-FALSE re-
versal of state of }line AN after line Rg is rendered TRUE,
the state of flipflop 6577 is reversed, and line AM is
thereby renderesd TRUE. When line AM is rendered
TRUE, line T84 is likcwise rendered TRUE,

Consequently, in response to lines AM and 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
“AM” word-cycle, so that line AM is rendered FALSE by
a reversal of state of flipflop 6877, the state of flipflop
6147 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-
instroction 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
reros 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-
ically iliustrated by the flow diagram of FIG. 107F, is a
step-by-step description of the various previously described
subinstructions to which the computer is sequentially
responsive in executing a “CMA” instruction.

Subinstrue-
tions

Step Description

Copy the next instruction word frem memeory
inte the instruction register, the arddress in
mwenory of the next instruction word heing
indicated by the contents of the word-sclect-
ing register; thereafter, if the contents of see-
tion 1 of the instruction register is */05,"”
carry out Step 2 of the following “ CMA”
subprogram.

Clear the address in memory specifled by tho
contents of section 3 of the Instruetion register
by writing all zeros therein; therewlter, go to
Step 3.

If the contents of sections 3 and 4 of the Instruc-
tlon repister are equal, go to Step §; otherwise,
to to Step 4.

Increment section 3 of the instruction register;
theresfier, go Lo Step 2.

Copy the contents of seetion 5 of the instruc-
iion register into the word-sclecting register.

Upon completicn of the execution of the previously ini-
tiated “Mi” 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 1 of the instruction register thereafter corresponds
to the code designation for a “CMA” instruction (ie.,
“05"), the state of line CMA is rendered TRUE in the
manner previously described with respect to FIG. 56, and,
as a result, a “CMA” instruction is therecafter executed
i the following manner:

At TIME-4 after the “MI” word-cycle is substantially
completed, line AN (FIG. 61) is again rendered TRUE
and ten microseconds later at TIME-1 is again rendered
FALSE. With reference back to FIG. 76, when line
AN is rendered FALSE upon compiction of the “M!”
word-cycie operation, the state of flipflop 6092 is again
reversed, and line MI is rendered FALSE thereby, thus
terminating the “M!” word-cycle operation. As pre-
viously mentioned with respect to FIG. 72, as long as
toth of lines 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 illusirated a composite circuit diagram of
various portions of the computer circuitry utilized in
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executing a “CMA” instruciion. As shown, when line
MIN expericnces a TRUE-to-FALSE reversal of state,
the state of flipflop 6032 is reversed, and line CM is
thereby rendered TRUE. When line CM is thus rendered
TRUE, line TS3 is likewise rendered TRUE. Coise-
quently, a “CM”™ word-cycle is thereafier executed
whereby a word of all zeros is stored in the address
in memory specified by section 3 of the instruction regis-
ter in exactly the same manner as previously described.
As previously described with respect to FIG. 59, if the
contents of sections 3 and 4 of the instruciion register
are of equal magnitude, line (I134)’ is rendered TRUE;
otherwise, line (134)' is rendered FALSE. Thus, with
reference back to FIG. 94, if it is assumed that line
(I34)” 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 subseguently
experiences a TRUE-to-FALSE reversal of state, line
IN4 is rendered FALSE thereby, and, as a result, sec-
tion 3 of the instruction register is incremented by a
count of “1.” Thereafter, a second “CM” 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
contents of sections 3 and 4 of the instruction register
are of equal magnitude, so that line (134)' is rendered
TRUE, the state of flipflop 6982 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.
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 thercafier executed, whereby the contents of
section 5 of the instruction register is stored in the word-
selecting register, thus terminating the “CMA” subpro-
gram.

76. Detrailed Description of MB Instrictions

A “motor bar” instruction simply initiatss selective
depression of a predetermined one of motor bars 23,
27, or 28 (FIGS. 2 and 38) for either a “touch” or a
“hold” operation and thereafter immediately proceeds to
the next instruction. As previously described, the par-
ticular type of motor bar depression is determined by
the value of the high-order digit of section 2 of the
instruction register. For example, if the high-order digit
of section 2 of the instruction register is a “0,” upper
motor bar 23 is actuated for a touch operation; if the
value of the high-order digit is a “1,” upper motor bar
23 is actuated for a hold operation; 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
the high-order digit is a “4,” lower motor bar 28 is ac-
tuated for a touch operation; and, if the high-order
digit is a “5,” lower motor bar 28 is actuated for a hold
operation.  Also, as previously described, the value of
the low-order digit of section 2 of the insiruction regis-
ter determines the position of the decimal point when
the word is subsequently printed out. Yor example, if
the low-order digit is a “0,” 2 normal decimal point is
printed between the seccond and third order digits of
the word printed out; if the low-order digit is a “1,” 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 Jow-order digit is a “2,” a comma is printed
between the eighth and ninth order digits of the word
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 subinstructions to which the computer is sequen-
t:zlly responsive in exccuting a “MB” instruction.
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Subinstruc-
tions

Deseription

He6-5 ...

MB¢(1)-0-16..
MI-8-7.. ...

MB¢(2)-0-16__
me-10-9..____.

MBI1(1)-0-16__
FI3-12-11_.___

MBI1(2)-0-16__
H4-14-13. ... ..

MB2(1)-0-16..

MB(@)-0-16.__
L1-18-17. . ___

OM1-0-20_ ____

L2-20-19. .

OI2-0-20.___.

POT0-21. .

Copy the next instruction word [rom meniory
into the instruction register, the address in
memory of the next instraction word being
indicated by the contents of the word-
selecting register; thereafter, if the contents
of section 1 of the instruction register s 06,"
ro to Step 2 of the following “MB" subpro-

gram.

Preset the F-counter to “*0”; therealter po to
Step 3.

Go to Step 4 whenever depression of a motor
bar is capable of initiating a cycle of operation
of the aceounting machine.

If the high-order digit of section 2 of the in-
struction register is a*‘0,” go to Step 5; other-
wise, g0 to Step 6.

Depress the upper motor bar for a touch opera-
tion; thereafter, go to Step 10.

If the high-order digit of section 2 of the instrue-
tion register is*‘1,” go to Step 7; otherwise, go
to Step 8.

Depress the upper motor bar for a hold opera-
tion; thereafter, go to Step 16.

If the high-order digit of section 2 of the instrue-
tion register is a '2,”" go to Step §; otherwise,
g0 to Step 10,

Depress the middle motor bar for a touch opera-
tion; thereafter, go to Step 1o,

If the high-order digit of section 2 of the instruc-
tion register is n*‘3," go to Step 11; ctherwise,
go to Step 12,

Depress the middle motor bar for a hold opera-
tion; thereafter, go to Step 16,

If the high-order digit of section 2 of the instrie-
tion register is 2¢'4,"" go to Step 13; otherwise,
go to Step 14.

Depress the lower motor bar for a touch opera-~
tion; thereafter, go to Step I,

If the high-order digit ol section 2 of the instrue-
tion register is a ““5,"” go to Step 15,

Depress the lower motor bar (or a hold opera-
tion; thereafter, go to Step 16.

If the low-order digit of scetion 2 of the instrue-
tion register is a “'1,"" go to Step 17; otherwise,
go 1o Step 18,

When printing occurs, print a comma between
the fifth and sixth order digits andg, il there
are no higher-order significant digits, print a
zero preceding the comma.  Theresfter, go to
Step 20,

If the low-order digit of seetion 2 of the instrue-
tion register is a**2,”’ go to Step 19; otherwise,
go to Step 20,

When printing occurs, place a comma between
the eighth and ninth order digits, and, if there
are 1o higher-order significant digits, print a
“0" preceding the commma. Thereafter, go to
Step 20,

When the amount racks are traveling in a
“setting’’ direction, go to Step 21 each time
the timing rack is translated to a different
digital valued position and also when the
printing aligncr is engaged.

Increment the F-counter; thereafter, go to
Step 22.

If the F-counter is at a count of “9," go to Step
23; otherwise, go to Step 20;

Copy the contents of scetion 5 of the instraetion
register into the word-seleeting 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 instruction register thereafter
corresponds to the code designation for a “MB” instruc-
tion (i.e., “06), the state of line MB is rendered TRUE
in a manner previously described with respect to FIG.
56, and, as a result, 2 “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-FALSE 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 PF¢
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
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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-
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 TIME-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
bar solenoids MB¢, MB1, or MB2 is energized, de-
pending upon the wvalue 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 MBg¢ is energized; if the high-order
digit is either one of the digits “2” or “3,” motor bar
solenoid MB1 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 rtesult of a se-
lected one of the upper, middle, or lower motor bar
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
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
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
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
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 OH1
is energized if the low-ordered digit in section 2 of
the instruction register is a “1,” whereas order-hook sole-
noid OH2 is energized if the low-order digit in section
2 is a “2.” As previously described with respect to
FIG. 33, when order-hook solenoid OH1 is energized,
all order-hooks from the third to and including the eighth
one are unlatched from their respective type sectors.
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 MBe is de-
energized when the F-counter is advanced from a count
of “0” to a count of “l1,” unless the high-order digit in
section 2 of the instruction register is a “1”; middle
motor bar solenoid MB1 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
instruction register is a “3”; and lower motor bar sole-
noid MB2 is de-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
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 WOA is subsequently rendered FALSE,
any previously-energized motor bar solenoid is de-ener-
gized thereby. After the F-counter reaches a count of
“9,” so that line F9 is rendered TRUE, the state of flip-
flep 6107 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
rendered TRUE. Consequently, a “STD” subinstruction
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is thereafter executed whereby the contents 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

The “stop” instruction is utilized simply to effect cessa-
tion of all computation and data-handling activity within
the computer until the resume-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.

Step Subinstrue- Description
tions

1. Mi-G2 ... Copy the next instriiction word from memory
into the instroction register, the address in
memory of the next i wetion word being
indiented hy the con s ol the word-i« -
ing register; therealt the contents of see-
tion 1 of ihe instroction register 18407, go to
Step 2 of the following subprogram.

A RPB-0-3._ ... Upon depression of the restrme-prograni-bar,
go to Step 3.

< STD-5-* _____ Copy the contents of section §of the nstriuction
register inte the word-seleeling register,

Upon completion of the execution of the previcusly
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 a “STP” instruc-
tion (i.e., “07"), the state of line STP is rendered TRUE
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 reference to FIG. 96, there is logically illustrated
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
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 RP1—RP2 are actuated thereby.
With reference now to FIG. 84, when the resume-pro-
gram-bar is depressed, the normally-open contacts of
switch RP2 are closed, and the normally-closed contacts
of switch RP1 are opened thereby. At TIME-1 after the
contacts of switch RP2 are thus closed, the state of flip-
flop 6138 is reversed, so that line RP is rendered TRUE
thereby. However, after the resume-program-bar is re-
leased, so that the contacts of switches RP1 and RP2
resume their initial conditions, as shown, the state of
flipflop 6138 is again reversed at TIME-1, so that line
RP is rendered FALSE thereby. With reference to FIG.
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
RPB is thereby rendered FALSE. With reference now
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
rendetred 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 seguence of events
executed in accordance with a “STP” subprogram.
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78. Detailed Description of ADD Instructions

In executing an “add” instruction, any two words stored
in memory addresses ¢¢ through 99 are algebraically
added together, 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-
quentially responsive in executing an “ADD” instruction.

Subinstrue- Deseription

tions

Step

MI-0-2 Copy the next instruetion word from memory

into the instruction register, the address in

iremory of the next instruction word being
indicated by the eontents of the word-select-
ing rezister; thereaflter, if the contents of see-
tion 1 of the instruction register is*“08,” go to
Step 2 of the following subprogram.

Copy into address-A the word located in the
address in emory specified by the contents
of sention 2 of the instruction register, and
sirnuléaneously copy the word, digit by digit,
into the “J* digit-register; thereafter, go to
Step 3.

Add to the word stored in address-A the word
stored in the address in memory specisied by
the contents of section 3 of the instruction

RAD-3-4._._.

register, and therealter store the sum back in
address-A; thereafter, go to Step 4.

Copy the word of address-A into the address
in memory specitied by the contents of sec-
tion 4 of the instruction register; thereafter,
go to Step &.

Copy the contents of section 5 of the instruc-
tion rezister into the word-selecting register,

AM-4-6..__

STD-5-*

Upon complction of the execution of the previously-
initiated “MI” word-cycle, during which time the next
insiruction word is read out from the address in memory
specified by the contents of the word-selecting register
and thercafter 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., “087), 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 previcusly described, upon com-
pletion of the previously-initiated “MI” word-cycle, the
state of line MIN expericnces a TRUE-to-FALSE reversal
of state. When line MIN is thus rendered FALSE, the
state of flip flop 6691 is reversed and line MA is rendered
TRUE thercby, When line MA is thus rendered TRUE,
line T52 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 ad-
dress-A.  After the word is stored in address-A, line AN
experiences 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 flip flop 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 6677 is reversed, and line
AM is thus rendered TRUE. When line AM is thus
rendered TRUE, line TS4 is likewise rendered TRUE.
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 the 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 6197 is reversed and
line STD is rendered TRUE thereby. When line STD is
thus rendered TRUE, line TS5 is 'likewise rendered
TRUE. As aresult, 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
terminating the sequence of events initiated by the “ADD"”
instruction.

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-
jcally illustrated by the flow diagram of FIG. 1077,
is a step-by-step description of the various previously-de-
scribed subinstructions to which the computer is sequen-
tially responsive in executing a “SUB” instruction.

Subinstrue- Description

tions

Step

Copy the next instruction word from memory
into the instruction repister, the address in
memory of the next instruction word being
indieated by the contents of the word-sclect-
ing register; thereafter, if the eontents of sec-
tion 1 of the instroction register is “09,” go
1o Step 2 of the lollnwing subprogram.

Copyinto address-A the word [rom the address
in memory specified by the contents of see-
tion 2 of the instrurction register, and simul-
tunecusly copy the word digit by digit into
the “J” digit-register; thereafter, go to Step 3.

Subtract the word stored in mmemory at the ad-
dress speeified by the contents of scetion 3 of
the instruction regizter from the weord just
stored in address-A, and thereafter store the
rempinder hack in address-A; thereafter, go
to Step 4.

Copy the word stored in address-A into mem-
ory at the adidress specified by the contents
of section 4 of the instruction register; there-
after, go to Step 5.

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

MI-0-2. ...

AM-4-5._____.

STD-5-*___...

From a comparison of the flow diagrams relating to an
“ADD” and a “SUB” instruction shown in FIGS. 1071
and 107], it is apparent that the two subprograms relat-
ing thereto 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
to take place within the adder-subtractor unit rather than
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 SUM Instructions

In executing a single “SUM?” instruction, a plurality 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. 107K,
is a step-by-step description of the various previcusly-de-
scribed subinstructions to which the compuier is sequen-
tially responsive in executing a “SUM” instruction:
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Step Subinstrue-

tions

Description

Copy into the instruction register the next in-
struction word stored in memory at the ad-
dress specified by the contents of the word-
selecting register; thereafter, if the contents
ol section 1 of the instruction register is‘ ‘10,
go to Step 2 of the following subprogram,

Clear address-A; therealter, go to Step 3.

Add to the word in address-A the word stored
in meniory at the address specified by the
conlents of section 3 of the instruction regis-
ter; therealter, go to Step 4.

If the memory 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.

Increment section 3 of the instruction register;
thereafter, go to Step 3.

Copy the word stored in address-A into the
address in memory specified by the eontents
of section 2 of the instruction register; there-
alter, go to Step 7.

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

CA(-0-3.._.
RAD-3-4...__

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 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., “107), the state of line SUM is rendered TRUE
in the manner previously described with respect to FIG.
56, and, as a result, a “SUM” instruction is thereafter
exccuted in the following manner:

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.
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 response to
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
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 address—A, line (I34)” is rendered
FALSE in the manner previously described with respect
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-
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
word stored in address—A. 1If 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 (I34)’ is rendered TRUE, thus indicating
that there are no other words in memory to be added
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
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, readers line T52 likewise TRUE. In re-
sponse to lines AWM and TS2 being rendered TRUE, an
“AM” word-cycle is thereafter executed, whereby the
word in address-A is copied into memory at the address
specified by section 2 of the instruction register.

Upon completion of the “AM” word-cycle operation,
the state of line AM is rendered FALSE by a reversal
of state of flipflop 6077. When line AWM is thus ren-
dered FALSE, the state of flipflop 6197 is reversed, and
line STD is thereby rendered TRUE; line STD, thus
being rendsred TRUE, likewise renders line TS5 TRUE.
In response to lines STD and T3S being rendered TRUE,
a “STD” subinstruction is thereafter executed, whereby
the contents of section 5 of the instruction regisier 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 censecutively-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—11 is alge-
braically added to the word stored in address-14, and
their sum is thereafter stored in address-14. Thereafter,
sections 3 and 4 of the instruction register are respec-
tively incremented and decremented, after which the
word stored in address—12 is algebraically added to the
word stored in address—13, and their sum is thereafter
stored in address—13.

Listed below in somewhat tabular form, and also
graphically illustrated by the flow diagram of FIG. 107L,
is a step-by-step description of the various previously-
described subinstructions to which the computer is se-
quentizlly responsive in exccuting an “APN” instruction:

Step Subinstruc-

tions

Description

Copy into the instruction register the next
instruction word stored in memory at tho
address speeified by the contents of the word-
selecting register; thereafter, if the contents of
section 1 of the instruetion register is““11,” go
to Btep 2 of the ollowing subprogram,

Preset the count of the R-counter to eorrespond
to the low-order digit of section 2 of the
instruction register; thereafter, o to Step 3.

Copyinto address-A the word from the address
in memory as speeified by the contents of
scetfon 4 of the instruction register, and,
shinultaneously therowith, copy the word,
digit by digit, into the “J" digit-register;
thereafter, go to Sten 4,

Atdd to the word stored in adidres
stored in meimory ot the add
seetion 3of theinstructionr

RAD-3-5..-.. A the word

ez specified by

zister; therealter,
£o to Step 4.

Copy the word stored in address-A into mem-
ory ut the address sperified Ly the contents of
scetion 4 of the instruction register; there-
after, go to Step 6.

ngﬂrement the R-counter; thereafter, go to

3tep 7.

Il the R-counter is at a count of ““0,”" go to Step
10; otherwise, go to Step &,

Increment section 3 of the instruction register;
thereafter, go to Step 9.

Detrement section 4 of the instruction register;
thereafter, go to Step 8,

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

AM-4-6.....

DE2-0-3......
STD-5-* _._..

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 stored in the instruction register, if the con-
tents of section 1 of the instruction register thereafier
corresponds to the code designation for an “APN” in-
struction (ie., “117), the state of line APN is rendered
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TRUE in the manner previously described with respect
to FIG. 56, and, as a result, an “APN” instruction is
thereafier executed in the following manner:

With reference to FIG. 109, wherein there is iilustrated
a logical diagram of the particular poitions of the com-
puter circuitry utilized in executing an “APN” instruction,
when line MIN is rendered FALSE upon completion of
the previously-initiated “MI” word-cycle, the states of
flipflops 6621 and 6888 are simultancously reversed,
whereby lines MA and JHR are respectively rendered
TRUE thereby. When line JHR is thus rendered TRUE,
line RLR is likewise rendered TRUE. However, at TIME-
2 after line JHR is rendered TRUE, the state of flipflop
6388 is again reversed, so that lines JHR and RLR are
both rendered FALSE thereby. As a result of line RLR
thus experiencing a TRUE-to-FALSE reversal of state,
the K-counter is preset to a count corresponding to the
value of the low-order digit of section 2 of the instruc-
tion register in the same manner as previously described
with respect to FIG. 68. As is evident, the count of the
R-counter is thereafter indicative of the number of word-
pairs to be added. As line TS4 is likewise rendered TRUE
when line MA is initially rendered TRUE, a “MA” word-
cycle is thereafter executed, whereby the word stored in
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 flipfiop 6691 is again reversed, and line MA is thereby
rendered FALSE. When line MA is thus rendered
FALSE, the state of flipflop 6497 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 6697 is again reversed, and line RAD is thereby
rendered FALSE. However, just prior to completion
of the previously-initiated “RAD” subcommand, line DR
experiences a TRUE-to-FALSE reversal of state and
thereby causes the R-counter to be decremented by a
count of “1.”

When line RAD is rendered FALSE, the state of flip-
flop 6677 is reversed, so that line AM is thereby rendered
TRUE. Line AM, being rendered TRUE, likewise ren-
ders line TS4 TRUE. Thus, in response to lines AM and
T84 being rendered TRUE, an “AM” word-cycle is there-
after executed whereby the word in address-A is stored
in memory at the address specified by section 4 of the
instruction register. Upon completion of the “AM” word-
cycle, the state of flipflop 6077 is again reversed, so that
line AM is thereby rendered FALSE., When line AM is
thus rendered FALSE, lines IN4 and DE2 are likewise
rendered FALSE, Consequcntly, sections 3 and 4 of the
instruction register are respectively incremented and dec-
remented by a count of “1.”

If, after being decremented, the R-counter is at a
count other than “0,” indicating that there are 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-
quence 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 Re is ren-
dered TRUE, the state of flipflop 6167 is reversed when
line AM is subsequently rendered FALSE and line STD
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” subinstruction is thereafter executed, whereby the
contents of section 5 of the instruction register is copied
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into the word-selecting register, thus terminating the se-
quence of operations executed in response to initiation
of an “APN” instruction.

82. Detailed Description of MUS Instructions

The subprogram for a “multiply-and-shift” instriction
essentiailly comprises five distinct steps or phases. Dur-
ing the first phase, the algebraic signs of the multiplier
and of the multiplicand are 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
the two factors. During the multiplication phase, the
ten-decimal-digit multiplicand is multiplied by the ten-
decimal-digit multiplier, and a twenty-decimal-digit prod-
uct is derived therefrom. As previously described 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 essentially added
to a twenty-digit product accumulator by the number of
times specified by the value of the first-order multiplier
digit, the product accumulator initially having been preset
to zero. Thereafter, the thus-derived product is effec-
tively shifted 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
multiplier digit are thereafter effected, and, so on, with
respect to the remaining higher-order multiplier digits.
Thus, upon compietion 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 instruction register. The fourth phase of the sub-
program js 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 instruction
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. 107N, is a
step-by-step description of the various previously-described
subinstructions to which the computer is sequentially re-
sponsive in executing a “MUS” instruction.

Subinstrue- Description

tions

Step

Copy into the instruetion register the next
instruction word stored in memory at the
address specificd by the contents of the word-
selecting register; thereafter, if the contonts of
section 1 of the instruetion register is “13,”
go to Step 2in the following subprogram,

Preset the F-counter to “0"; therealter, o to
Step 3.

Preset the R-counter to *“0"; therealter, go to
Step 4. .

PF¢0-3..--..
PRo0-4. ..

Copy the word from memory into addres
and, simultancously therewitl, copy t
word dizit by digit into the “ 7" ligit-re
the address of the word in memory being
specified by seetion 3 of the instructicn regis-
tor; thereafter, go to Siep 5,

Preset the state of linc ORM to correspond to
algebraiesign of the word just read fronimem-
ory therealler, go to Step 6,

If the state of line UBM is TRUE, go to Step
R otherwise, go to Step 7.

Complenent the word inaddress-A therealter,
go to Step 8.
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Step Subinstrue- Description

tiong

| S CB-0-9._ ... Clear address-B thereafter, ga to Step 9.

| S AM-n-10_____ Copy the word stored in address-A into mem-
ory at the address specified by section n of
the instruction register, “n"” being a **3" if
the R-counter is at a count of *0,” and being
a ‘4" if the R—counter is at & count of “8”
therealter, go to Sten 10.

0. R8-11-15.___.._ If the Rcounter is at a count of *8,"" go ta Step
15 otherwise, go to Step 11,

1. PR8-0-12_..__| Preset the R-counter to “8" therealter, go to
Step 13,

120 ... MA-4-13_ . Copy the word from memory into address-A
and, simultanconsly therewith, copy the
word digit by digitintothe )’ digit register,
the address of the word in menmory being
specified by section 4 of the instruction regis-
ter; thereafter, go to Step 13.

13.__. OBN(4)}-0-14__| Prezet the state of line OBN TRUE if the alge-
braic sign of the word just read from memory
corresponds to the state of line OBM; other-
wize, preset the state of line OBN FALSE;
thereafter, go to Sten 14,

14 ___. JO-8~7 .- If the digit stored in the “T’” digit-register is a
“9." go to Step T; otherwise. go 1o Step &,

) 5 T CAL-0-16____| Clear address-A; Lthereafter, to to Step 16,

16 . PRe-0-17. ... ‘Prg;nt ihc R-counter to “0"; thereafter, go to
Step 17,

17 .. AD(1)-0-18. __ Iné-l;ement the digit-eounter; thereafter, go to

cen 18.

8. IFD-20-19_ ...} If the digit stored in the F-counter is equal to
the digit <tored in the digit-counter, go to
Stepn 19; otherwise, 2o to Step 20.

19 RIM-3-20__..} Preset the R-counter to u count corresponding
to the value of the digit whose digital order
is speeified by the F-counter and whose
address in memory is speeified by seetion 3
ol the instruetion register; therealter, go to
Step 20.

20 ... Dg-17-21_____. If the digit-counter is at a count of 9, go to
Step 21; otherwise, go to Step 17,

21 ... Reg-22-24 _____ If the R-counter i{s at a eount of *0”, go to
Step 24; otherwise, go to Step 22.

22 ... RAD-4-23____| Add to the word stored in address-A the word
stored in moemory at the address specified by
section 4 of the instruction register; thereafter,
go to Sgep 23,

23 .. DR-0-21 ___._ Decremont the R-counter; thereafter, go to
Step 21.

L — SA2)-0-25____| Shilt the word of address-A one place to the
right; thercalter, go to Step 25,

25 S5B(2)-0-26___.] 8hift the word of address-B one place to the
right; thereafter, go to Step 26,

26._.__ AF-0-27. ... Increment the ¥-counter; thereafier, go to
Step 27,

27 Fie-17-28___ .. If the F-counter is at a count of “10,” go to
Step 28; otherwise, go to Step 17.

28 ____ RLR-0-29____. Presct the R-eounter to a count corresponding
to the low-order digit of seetion 2 of the in-
struction regi-ter; thereafter, go to Step 29,

29, ___ Re-30-41_ .. If the R-counter is at a count of “0 go to
Step 41; otherwise, go to Stop 30.

30 H2-31-33. ... Ifthe high-order digit of section 2 of the insirue-
tionregisterisa 2, go to Step 33; otherwise,
g0 to Step 3L

[ — 113-32-85_ ... If the hirh-order digit of section 2 of the instrue-
tion register iy a “3,” go to Step 35; otherwice,
go to Step 32,

b S 4-0-86._ .. If the high-order digit of reetion 2 of the instrue-
tion register is a 4, go to Step 36.

33.__.. SA{1-0-34._..1 3hifi the word of address-A one place to the
left; thercafter, go to Step 34,

34.___. 8B{)-0-40__._| Shift the word of address—B one place to the
leoft; thereafter, go to Step 40.

35 Ri-35-38_._._. If the R-—counter is at a count of *4,” go to
Step 38; olherwire, go to Step 36.

36 SA(2-0-37._..) Shift the word of address—A one place to the
right; thereafter, go to Riep 37.

37 SB(2)-0-40___.| 2hift the word of address-1 one place to the

realier, go to Step 40.

38 DAD-0-39___ ant 1000000005 to the word stored
in address-B; thereafter, to go to Step 39,

39._... ARO-0-36__... Add o word of all zeros to address—A; there-
after, go 1o ftep 36,

40 . .. DR-0-20____._ Decrement the R-counter; therealter, go to
Siep 29,

Al OB (2)— If the state of line OBM is TRUE, go to Step

42-43 43; atherwi-e, go ta Step 42,

42 ... CPMI-3-43 Complenient the word stored in memory at
the address sperified by section 3 of the in-
struciion regisier; thereafter, go to Step 43.

43 BM-4-44_ _____ Copy the word of address-13 into memeory at
ihe address sperified by section 4 of the in-
struction register; thereafter, go to Step 44,

[:2 S PR8-0-45__.__ Pre et the R-counter to a count of “8"; there-
after, go to Step 45,

45 ... OBN{1)- If the ctate of line OBN is TRUE, go to Step

45-47 47; otherwise, go to Step 46.

46____. CPM-4-47.___| Complement the word stored in memory at
the address specified by section 4 of the in-
struction register; thercafter, go to Step 47.

47, STD-5-* _._._ Copy the contents of section 5 of the instruction
regi-ter into the word-uelecting regisier,

Upon completion of the execution of the previously
initiated “MI1” 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-
struction (ie., “13”), the state of line MUS is rendered
TRUE in the manner previously described with respect
to FIG. 56, and, as a result, a “MUS” instruction is there-
after executed in the following manner:

With reference to FIGS. 102A through 102C, there is
illustrated therein a composite logical diagram of various
portions of the computer circuitry utilized in executing a
“MUS” instruction. With particular reference to FIG.
102B, at TIME~1 after line MI is rendered TRUE at the
beginning of the previously-initiated “MI” word-cycle, the
states of flipflops 6695 and 6996 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 MIN is
rendered TRUE. Consequently, when line PFg is thus
rendered FALSE, the F-counter is thereby caused to be
preset to “0.”  Also as a resuit of line MIN thus being
rendered FALSE, the state of flipflop 60%1 is reversed,
s0 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 (MI)’ is thus rendered FALSE, so that line STD
is rendered FALSE thereby. With reference back to FIG.
102C, when line STD is thus rendered FALSE, line PRg
is likewise rendered FALSE, so that the R-counter iz
thereby caused to be preset to “0.”

With reference to FIG. 102A, as the R-counter is now
at a count of “0,” so that line R¢ is TRUE, line TS3 is
likewise rendered TRUE when line MA is initially ren-
dered TRUE. As a result of lines MA and TS3 being
rendered TRUE, a first “MA” word-cycle is thereafter
executed, whereby the multiplier word stored in the ad-
dress in memory specified by the contents of section 3

of the instruction register is read out and stored in address- 4

A. Simultaneously therewith, the multiplier word just
read out from memory is copied digit by digit into the
“J” digit-register. Upon complection 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 state
of line OBM remains FALSE. However, if the tenth-
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 OBM is
thereby rendered TRUE. Thus, it is evident, the staie
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 of the previously-initiated “MA” word-cycle, and
line CPA is thereby rendered TRUE. As previously de-
scribed, when line CPA is rendered TRUE, a “CPA” sub-
command is thereafter executed, whereby the multiplier
word stored in address-A is first read cut and comple-
mented, and, thereafter, the sbsolute negative value there-
of is stored back in address-A. Upon completion of the
“CPA” subcommand, the state of flipflop 6683 is again
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
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event, in response to 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, the state of flipflop 6081 is again
reversed, so that line CB is thereby rendered FALSE.

With reference to FIG. 102A, in response to line CB
thus being rendered FALSE, the state of flipflop 6077
is reversed, and line AM is rendered TRUE thereby.
Line AM being rendered TRUE likewise renders line
TS3 TRUE. Conseauently, in respoinse to lines AM
and T53 being rendered TRUE, an “AM” word-cycle is
thereafter exccuied, 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 con-
tents of section 3 of the instruction register. Upon com-
pletion of the “AM” word-cycle, the state of flipflop 6477
is again reversed, so that line AM is rendered FALSE
thereby. As shown in FIG. 102B, line PRS is also ren-
dered FALSE as a result of line AM thus being rendered
FALSE. Line PRS thus being rendered FALSE causes
the R-counter to be preset to a count of “8.” Also,
when line AM is thus rendered FALSE, the state of
flipflop 6891 is again reversed, so that line MA s readered
TRUE for the second time. However, as the R-counter
is now at a count of “8,” so that line R8 is TRUE, line
TS4 (FIG. 1020) is likewise rendered TRUE when line
WA is rendered TRUE. In response to lines MA and
TS4 thus being rendercd TRUE, a second “MA” word-
cycle is thereafler executed, whereby the multiplicand
word stored in memory at the address specified by the
contents of section 4 of the instruction register is read
out and stored in address-A.  Simuitaneously therewith,
the multiplicand word just read out from memory is
copied digit by digit into the “J” digit-register,

Upon completion of the second “MA” word-cycle,
the state of flipflop 6991 (FIG. 102B) is again reversed,
so that line MA is rendered FALSE thercby. If, upon
completicn of the execution of the second “MA” word-
cycle, the algebraic sign of the multiplicand word just
read out from memory (as indicated by a TRUE state of
Iine J9 if negative and a TRUE state of line (J9)" if
posiiive) corresponds to the algebraic sign of the mul-
tiplier word (as indicated by a TRUE state of line OBM
if positive and a TRUE state of line (OBM)’), the state
of flipflop 6696 is reversed, so that line OBN is rendered
TRUE, indicating that the algebraic sign of the product
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
is negative.

In addition, if the algebraic sign of the multiplicand is
negative, so that line J9 is rendered TRUE, the state of
flipflop 6883 is reversed upon completion of the previous-
ly initiated “MA” word-cycle, and line CPA is thercby
rendered TRUE. As previously described, when line
CPA is rendered TRUE, a “CPA” subcommand is there-
after executed, whereby the word stored in address-A
is read out and complemented, and, thereafter, the ab-
solute negative value thereof is stored back in address-A.
Upon completion of the “CPA” subcommand, the state
of flipflop 6683 is apain reversed, and line CPA is thereby
rendered FALSE. It is again to be noted that the state
cf flipflop 6631 is reversed and line CB thereby rendered
TRUE, either upon completion of the second “MA”
word-cycle if the algebraic sign of the multiplicand is
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 being rendered
TRUE, a “CB” word-cycle is thereafter executad, wherc-
by a word of all zeros is stored in address-B. Upon
completion of the just-initiated word-cycle “CB”, the
state of flipflop 6881 is again reversed, so that line CB
is thereby rendered FALSE. With reference to FIG.
102A, when line CB is thus rendered FALSE, the state
of flipflop 6477 is reversed, and line AM is rendered
TRUE thereby for the second time. When line AM is
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rendered TRUEL, line TS4 (FIG. 102C) is likewise ren-
dered TRUE. Consequently, in response to lines AM
and TS4 being rendzred TRUE, 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 scction 4 of the instruction register. Upon comple-
tion of the “AM” word-cvcle, the state of flipflop 6377
is again reversed, so that line AM 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 FIG. 102A, 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-
tion register, via the previously-initiated “AM” word-
cycle, the state of flipflop 6080 is reversed when line AM
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 6080 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
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.
102C) experiences a TRUE-to-FALSE reversal of state
and thereby causes the R-counter to be preset to “0.”

When line MJ is thus rendered TRUE, line TS3 (FIG.
102A) is likewise rendered TRUE. Ceonsequently, in
response to lines MJ 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-counter via the previcusly 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 multiplier digit now
stored in the R-counter has a value other than “0” as
indicated by line (R¢)’ being TRUE, the state of flipflop
6097 is reversed when line MTJ is thus rendered FALSE,
and, as a result, line RAD is rendered TRUE thereby.
When line RAD is thus rendered TRUE, line TS4 (FIG.
102C) is likewise rendered TRUE.

Conseguently, in response to lines RAD and TS4 thus
being rendered TRUE, a first “RAD” subcommand is
thereafter exccuted, whereby the multiplicand stored in
memory at the address specified by the contents of sezc-
tion 4 of the instruction register is read out and added
to the contents of address-A. Upon completion of the
first “RAD” subcommand, line DR (FIG. 102C) experi-
ences 2 TRUE-to-FALSE reversal of state, so that the
R-counter is decremented by a count of “1.” 1If, after
being decremented, the R-counter is still at a count other
than “0,” lines RAD and TS4 remain TRUE, so that a
second “RAD” subcommand is thereafter executed,
whereby the muliiplicand is again read out from the ad-
dress in memory specified by the contents of section 4
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of the instruction register and is added to the partial
product stored in address-A, After the second “RAD”
subcommand is completed, the R-counter is again de-
cremented by a count of “1,” and, if, after being de-
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 Re¢ is rendered TRUE
thereby, indicating that the partial product with respect
to the first-order digit of the muitiplier word has been
derived and stored in address-A, the state of flipflop 6057
(FIG. 102A) is again reversed, so that line RAD is
rendered FALSE thereby. As a result of line RAD thus
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
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 6iC1 is
again reversed, so that line SA is rendered FALSE there-
by. When line SA is thus rendered FALSE, the state of
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 executed,
whereby the word stored in address-B is shifted to the
right by one digital position, with the original first-order
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
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 state when
line EG is rendered FALSE; consequently, the F-counter
is incremented from a count of “0” to a count of “1.”
Thus with reference to FIG. 102A, as the F-counter is at
a count other than “10,” so that line (F1¢)’ remains
TRUE, the state of flip-flop 6066 is again reversed upon
completion of the just-initiated “SB” subcommand, so
that lines MJ and TS3 are both rendered TRUE for the
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
FALSE. As a result of lines MJ and TS3 again being
rendered TRUE, a second “MJ” digii-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
R-counter. Thereafter, a succession of “RAD” subcom-
mands is executed, whereby the multiplicand is added to
the pariial 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. Thercafter, the
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-described sequence of events is sequentially
repeated until the tenth-order digit of the multiplier is
stored in the R-counter, the multiplicand is again added
to the contents of address-A by the number of times
dictated by the digital value of the tenth-order multiplier
digit, and the twenty-digit product stored in combined
addresses A and B is shifted to the right for the tenth time
by one digital position. As the F-counter is now at a
count of “10,” as indicated by line F10 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
indicated by the contents of section 2 of the instruction
register, all in essentially the same manner as previousiy
described in detail with respect to that portion of the
preceding description entitied “Description of SHF In-
struction” and also with respect to that portion of the
preceding description relating to the “SA” and “SB5” sub-
commands.

With reference to FIG. 102B, if the state of line
(OBM)’ was previously rendcred TRUE, indicating that
the algebraic sign of the multiplier is negative, the stale of
flipflop 6584 is reversed upon completion of the last “SB”
subcommand, during which time lines Filg and Rg¢ are
both rendered TRUE. Consequently, the state of line
CPM is rendered TRUE in order to effect complement-
ing of the multiplier stored in memory at the address
specifiad by section 3 of the instruction register. How-
ever, if the algebraic sign of the multiplier is positive,
the state of line (OBM)’ thus being FALSE, a subsc-
quently-initiated “CPM” subcommand is prevented. As
shown in FIG. 102C, the state of fliplop 6979 is reversed
and line BM thereby rendered TRUE upon completion of
the last-initiated “SB” subcommand, if the state of line
OBM is TRUE, indicating that the algebraic sign of the
multiplier is positive; otherwise, the state of flipflep 6879
remains unchanged and line BM thereby remains FALSE
until the last-initiated “CPM” subcommand is completed.
Howcver, when line BM is finally rendered TRUE due to
a reversal of state of flipflop 6679, line T34 is likewise
rendered TRUE.

In response to lines BM and TS4 thus being rendercd
TRUE, a “BM” word-cycle is thereafter executed, where-
by the word is address-B is 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 rendered FALSE thereby. With reference to
FIG. 1028, when line BM is thus rendered FALSE, the
state of line PR8 is reversed from TRUE to FALSE, thus
causing the R-counter to be preset to a count of “8,” 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
state of flipflop 6984 is reversed when line BM 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,
in response to lines CPM and TS4 being rendered TRUE,
a “CPM"” subcommand is thereafter executed, whereb
the product stored in memory at the address specified
by the contents of section 4 of the instruction regisier is
complemented thereby. Upon completion of the just-
initiated “CPM” subcommand, the state of flipflop 6084
(FIG. 102B) is again reversed, so that line CPM is
rendered FALSE thereby.

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 iz
TRUE, indicating that the algebraic sign of the product is
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
STD and TS5 thus being rendered TRUE, 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 scquence of
events initiated in accordance with the “MUS” instruction.

83. Detailed Description of MDD Instructions

A “MDD” instruction is essentially a special case of
the just-described “MUS” instruction. For example, in
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exccuting a “KDD” instruciion, the code number “327
is effectively utilized during the “shift prod'ict” phase of
the subprogram iastead of the number stored in section 2
of the instruction register, as in the prrvmusu -described
“MUS” instruction. In addition, in executing a “MDBD”
instruction, the address in memory of the multiplier is
specified by the contents of section 2 of the ingtruction
register instead cof section 4, as in the executicn of the
previsusly-described “MUS” iastruction.

Listed below in semewhat tabuiar form, and also
graphically illustrated by the flow diagram of FIG. 1074,
is a step-by-step description of ihe various previously de-
scribed subinstructions to which the computer is sequen-
tially responsive in executing a “MDD” instruction:

Step Subinstrae- Drserintion
tions

1. MI-0-1.___.___| Copy into the instruction register the next
instruetion word stored in memory at the
address speeifierd by the eontents of tho waard -
selecting register; thereafter, if the eontents
of section 1 of the instruclion rez Ty 12
20 Lo S8tep 2 of the ﬁ)llowmz ‘u‘wr oI,

b PFp-0-3__._._ Pr‘-i set the F-counter lo “0" thnrmrler £0 10
Blep 3.

F S PRap-0-4..____ I’r((; g Lhe R-counter to 9 thoreafter, eo to

[ S MA-3-5..___. ytlw next word Lomnwlnrvm o address-
A, and, stmulinneously th 1t
word digit by digit intd the “J° 'umt I
the address of the next word in moinor

L bolnr ape . by the contents of wection 3
i of the instroetion register; thervaller, go to
| Htep &,

5o OBAM(4)-0-4__| Preset the state of line OBM to corresnond to
the algebraic sign of the word hust read from

Ty 1 horealter, o to Hlen 8,
[ J— OBM(2)-7-3 ¢ of line OBM in TRULE, go to Sten 8;
, €0 to Step 7.

. CPA-0-8____._ (‘omp!mnunl the w onl stored in addres;-A;
thereafter, go to Sten 8.

| J— CRB-0-9.__._..] Clear ﬂ\idrﬁ«;s»-li; thcreu[wr' Zo to Step 9.

[ D AM-n-10_ ... Copy the word stored in address-A into memory
at the address specified hy section » of the
instruction register, " being u “37 if tha
R-countor i3 ut a cwmt of “u7, and being a
‘4" 4 the R-counter i3 at o count of ',
thereaficr, co to U?u,) 10.

10, R%-11-15 If the R-counter ix at o connt of 87, o to
Step 15 otherwise, go Lo Slen 11,

11 PRe-0-12___ . l’r{:!\\5t }lm B-counter to 3", thereafter go to
Stor 12,

12._ .. MA-2-13_____. Capy the next word from memory into address-
A, and, simuitaneosusly therewith, copy the
word dizit by digit into the “J digit-register,
the address of the next word in memory
Leing specificd by the contents of section 2
of the instruetion register; thereafler, go to

Step 13,

13.....| OBN{4)-0-14_.| Preset the state of line OBN TRUE if the
algebraie sign of the word jast read from
memory  corresponds state of line
OBM,; olberwise, prese ¢ of line
ORN FALSE; Lhercartor, g0 to tep 14,

14 . . JO-8-T_ ... If the digit stored in Lhie “J7" digib register is a
g, go to Step 7 otherwise. go to ¥ 8

15 ... CAL)-0-15__.| Clear adiiress-: A tHereafter. £a to Sten 16,

1. .. PRe-0-17.___. Prevet %he R-cotniter to “0; therenfter, go to
Step 17.

17} AB(L-0-18___| Increment the digit-counter; thereafter, go to
Step 13,

18 .| IFD-20-19.. .| If thv[dmt stored in the F-connter is equal to
the digit stored in the digit counter, go to
Step 19; otherwise, g0 to Step 2

13 RLM-3-20....| Store in tho- R-gornter the digif
t*r 1h t“', o to 3te p l)

A DY-17-21_.__ .1 If thc digit-eounter ig at o connt of '8, ga to
Step 21; otherw vo to Step 17,

21 ... Re¢-22-24 _____ 1t the R-vountor is at a count of " go to Step
24 ot herwise, zo to an 22,

23 .. RAD-4-23__ . A<U t1 ord storud in mmemory at the address
B \Ll by seation 4 of the instroction

stor to the word stored in address-A;
After, go to Step 24,

23.. .. DR-0-21._____ Dorrennent the R-counter; thereafter, g0 to
Btep 21,

24 BA(D-0-25 ___] Shift thu word of address-A one place to the
right; therealter, g0 to Stap 25,

25. ... ST(2-0-20. ___{ Shift the word aldress-8 one place to the right;
&hcrmnw, @0 to Btep 26, .

26, ____ AT-0-27__ . Inerompend the F-counter; thereafter, 7o to Step

7 Fle-17-28 ___. it t‘xm T.eounter is at a count of 10", go 1o

| Step 28; otherwise, ©o to Btep 17,

2% . PR2-0-20_ .. __| Preset the R-coun T to o count of <o ; there-
after, 20 to Step 29,

2 E— Re~30-35_ . .. If the R-connter is at o connt of 0", go to Step

35; othierwise, go to Step 30
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Step Subinstrue- Description
tions

30....- R1-31-33._._.. If the R-counter is at a count of “1”, go to Step
33; otherwise, go to Step 31,

3. SA(2)-0-32....{ Shift the word of address-A one place to the
right; thereafter, go to Step 32.

32 ... SB(2)-0-35..._| Shift the word of address-B one place to the
right; thereafter, go to Step 35,

33._... DAD-0-34_...| Add the constant 6000000005 to the word stored
in address-B; thereaflter, go to Step 34,

<% SO ARO-0-31____. Add a word of all zeros to address-A; thereaftor,
go to Stop 31,

36 . DR0-29.__... D%crem%nt the R-counter; thereafter, go to

tep 29,
36 OBM (2)-37~ | If the state of line OBM is TRUE, go to Step
38, 38; otherwise, go to Step 37.

k. 7 SO CPM-3-38_._.| Complement the word stored in memory at the
address specified by the contents of section 3
of the instruction register; thercafter, go to
Step 38.

38 ... BM-4-39.__.__ Copy the word of address-B into memery at
the address specified by the contents of sec-
tion 4 of the instruction register; thereafter,
go to Step 39.

39.._.. PR8-0-40__.._ Preset the R-counter to a count of ““8"; there-
alter, go to Step 40.

40. .. OBN(2)-41- If the state of ling OBN is TRUE, go to Step 42;

42. otherwise, go to Step 41,

41. ... CPM-4-42.___| Complement the word stored in memory at the
address specified by the contents of section 4
of the instruction register; thereafter, go to
Step 42.

42 .- STD-5-*_____. Copy the contents of section 5of the instruction
register into the 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
section 1 of the instruction register. Thus, upon comple-
tion 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 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 (ie., “12”7),
the states of lines MUS and MDD are both rendered
TRUE in the manner just stated. In response to both
of lines 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
the accompanying 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
of the computer 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 time the R-counter is at
a count of “8,” the state of line TS2 (FIG. 101) is
rendered TRUE, whereas line TS4 (FIG. 102C) is rend-
ered FALSE by logical AND 1521. Consequently, dur-
ing the execution of the second “MA” word-cycle portion
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
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at a count of “9,” line PR2 (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-
struction, as in the execution of the “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
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
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
“MUS” subprogram.

84. Detailed Description of DIV Instructions

The subprogram for the “DIV” instruction essentially
comprises three distinct steps or phases. During the first
phase, 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 sign of
the divisor is thereafter determined, and its uncomple-
mented absolute value is derived and stored back in the
original address in ‘memory thereof. Thereafter, the di-
vidend is read out from the address in memory specified
by the contents of section 2 of the instruction register and
is stored in address-A. The algebraic sign of the dividend
is determined, and its uncomplemented absolute value is
thergafter 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
ten-decimal digit divisor, and a ten-decimal-digit quotient
is derived from it and stored in address-B.

As previously 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
of the contents of address-A is less than the magnitude of
the divisor, the word (000000001 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
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-
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-
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
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
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-
sponsive in executing a “DIV" instruction:
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Subinstruc-
tions

Step Deseription

Copy into the instruction register the next in-
struction word stored in memory at the
address specified by the contents of the word-
selecting register; thereafter, if the contents
of section 1 of the instruction register is '14,”
2o to Step 2 in the following subpregram.

Prsetsct ;he R-counter to “0”’; thereafter, go to

ep 3.

Copy the word from memory into address-A,
and, simultaneously thercwith, copy the
word digit by digitinto the “J” digit-register,
the address of the word in memory heing
specified by the contents of section 3 of the
instruction register; thereafter, go to Step 4.

Preset the state of line OBM to correspond 1o
the algebraic sign of the word just read from
memory; thereafter, go to Step 5.

If the state of line OBM is TRUE, po to Step
7; otherwise, go to Step 6.

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

If the R-counter is at a eount of “0,” go {0 Step
8; otherwise, go to Step 14.

Clear address-B; thereafter, go to Step 9.

Copy the word stored in address-A into mem-
ory at the address specified by the contents
of the section 4 of the instruction register;
register; thereafier, go to Step 10.

Preset the R-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
the instruection register into address-A, and,
simultaneously therewith, copy the word
digit by digit into the “J” digit-register;
thereafter, go to Step 12,

Preset the state of line OBN TRUE if the
algebraic sign of the word just read from
memory corresponds 1o the state of line
OBM; otherwise, preset the state of line
OBN FALSE; thereafter, go to Step 13.

If the digit stored in the “J*' digit-register is a
“9," go to Step 6; otherwise, go to Step 14.
Bubtract the word stored in memory at the
address specificd by the contents of section 4
of the instruction register from the word
stored in address-A; thereafter, go to Step 15,

Ifthe algebraic sign of the difference is positive,
g0 to Step 16; otherwire, go to Step 17.

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

Add the word stored in memory at the address
specified by the contoents of section 4 of the
instruction register to the word stored in
address-A; thereafter, go to Step 18.

Decrement the R-counter; thereafler, go to
Step 19.

If the R-counter is at a count of “0,” go to
Step 22; otherwise, go to Step 20.

Bhift the word stored in address-A one digital
position to the left; thereafter, go o Step 21.

Shift the word stored in address-B one digital
Pposition to the left; thereafter, go to Step 14.

Copy the word of address-B into memery at
the address specificd by the contents of sec-
tion 4 of the instruction register; thereafter,
go to Step 23.

If the state of line OBN is TRUE, go to Step
25; otherwise, go to Step 24.

Complement the word stored in memory at the
address specified by the contents of scetion 4
of the instrucvion register; thereafter, go to
Step 25.

Copy the contents of scetion 5 of the instruction
register into the word-selecting register,

OBM(4)-0-5__

OBM(2)-6-7_.

OB-0-9__.

PR&-0-11_____
MA-2-12 ...

EAS-17-16___.
DAD-0-14.___
RAD-4-18.. .

Re-20-22. _.__
SA1)-0-21____
SB(1)-0-14..._
BM-4-23_ _.___

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

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 “DIV”
instruction (i.e. “14”), the state of line DIV is rendered
TRUE in the manner previously described with respect to
FIG. 56, and, as a result, a “DIV” instruction is thereafter
executed in the following manner:

With reference to FIGS. 103A and 103B, there is illus-
trated therein a composite logical diagram of particular
portions of the computer circuit utilized in executing a
“DIV” 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 flipflops 6096 are reversed, so that lines OBM
and OBN are respectively rendered FALSE thereby. Upon
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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-
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-
dered FALSE, so that the R-counter is thereby caused 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
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.
Simultanecusly therewith, the divisor is copied digit by
digit into the “J” digit-register. Upon completion of the
“MA” word-cycle, the state of flipflop 6691 (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
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
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 tl'fe
divisor is positive and is rendered FALSE if the algebraic
sign of the divisor is negative.

If the algebraic sign of the divisor just read from mem-
ory is negative, so that line J9 is TRUE, the state c_)f flip-
flop 6083 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-
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
6083 is again reversed, and line CPA is thereby rendered
FALSE. 1t is evident, therefore, that the state of flipflop
6081 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-
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,
the state of flipflop 6081 is again reversed, so that line
CB is thereby rendered FALSE.

With reference to FIG. 103 A, the state of flipflop 6077
is reversed as a result of line CB thus being rendered
FALSE, and line AM is rendered TRUE thereby. When
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
by the contents of section 4 of the instruction register.
Upon completion of the “AM” word-cycle, the state of
flipflop 6077 is again reversed, so that line AM is ren-
dered FALSE thereby.

When line AM is thus rendered FALSE, line PR8
(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
is now at a count of “8,” so that line R8 is TRUE, line



3,112,394

213

TS2 (FIG. 103A) is likewise rendered TRUE as a re-
sult of line MA being rendered TRUE. In response to
lines MA and TS2 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 (OBM)’, the state
of flipflop 6996 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. Upen 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. 103 A, 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-subtractor 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-
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
contents of the address-A. Thereafter, the state of flip-
flop 6149 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,
provided that the algebraic sign of the difference now in
address-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,
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,
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.

However, when line RAD is thus rendered TRUE, line
TS4 is likewise rendered TRUE. Consequently, a “RAD”
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
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-FALSE reversal of state and thereby causes the
R-counter to be decremented from a count of “8” to a
count of “7.” Upon completion of the previously-
initiated “RAD” subcommand, the state of flipflop 6097
(FIG. 103A) 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 (R¢)’ is rendered TRUE, the
state 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
the left by one digital position. Thereafter, the state of
flipflop 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
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
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
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” subcommands is executed until the
remainder stored in address-A has been reduced to zero
or until the algebraic sign thereof becomes negative, at
which time 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-
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
above-described sequence of subtraction operations is
sequentially repeated until the R-counter is decremented
from a count of “1” 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-
dicated by line R¢ 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
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,
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 R8 is rendered TRUE thereby. If itis
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
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
is positive, the state of flipflop 6107 is reversed, and line
STD is thereby rendered TRUE upon completion of the
previously-initiated “BM” subcommand; otherwise, the
state of flipflop 6107 is not so reversed 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-
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 “DIV” instruction.

85. Detailed Description of CFM Instructions

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 address specified by section 3 of the instruction
register, the address of the next instruction 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 storcd in memory
at the address specified by section 3 of the instruction
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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:

Subinstrue- Deseription

tion

Step

MI-0-2. ... .. Copy into the instruction register the next
instruction word which is stored in memory
at the address specified by the contents of
the word-selecting register; thereafter, if the
contents of seetion 1 of the instruction register
is 15, go to Step 2 in the following sub-
program.

Copy the next word from memory into address-
A, and, sinultaneously therewith, copy the
word digit by digil into the “J' digit-register,
the address of the next word from memory
being specified by the contents of section 2 of
the instruction register; thercafter, go to
Step 3.

Preset the state of line OBM to correspond to
the algobraie sign of the word jnst read from
memory; thereafter, go to Step 4.

Copy the word stored in memory at the ad-
dress sbecified by the contents of section 3 of
the instruction register digit by digit into the
“I* digit rezister; thereafier, go to Step &,

Preset the stute of line OBN TRUE if the alge-
braic sign of the word just read from memory
corresponds to the state of line OBM; other-
wise, preset the state of line OBN FALSE;
therealter, go to Step 6.

If the state of line OBN is TRUE, go to Step 7;
otherwise, zo to Step 9.

Suhtract the word stored in memory at the ad-
dress specified by the contents of section 3 of
the instruction register from the word stored
in address-A; thereafter, go to Step 8.

If the algebraie sign of the difference is positive,
go to Step 10; otherwise, go to Step 11.

If the stute of llne OBM is 'TRUE, go to Step
10; otherwise, go to Step 11.

Cony the contents of section 4 of the instruction
register into the word-selecting register,

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

2 MA-2-3__ .

OBM({4)-0-1..

OBN(H)-0-6._.

OBN{L)-8-7___

EAS-11-100 .
OBM(2)-11-10.
STD-4-%___._.
STD-5—*...__.

Upon completion of the execution of the previously
initiated “MI” word-cycle, during which time the next
insruction 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
“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-1 after line MI is rendered TRUE
at the beginning of the previously-initiated “MI” word-
cycle, the states of flipflops 60895 and 6096 are reversed,
so that lines OBM and OBN are respectively rendered
FALSE thereby. When line MIN is subsequently ren-
dered FALSE upon completion of the previously-initiated
“M1” 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
excouted whereby the word stored in memory at the ad-
dress specified by section 2 of the instruction register is
read out and stored in address-A; simultaneously there-
with, the word being read out from memaory is copied
digit by digit into the “J” digit-register. Upon comple-
tion of the “MA” word-cycle, if the tenth-order digit of
the word just read out from memory is a “9,” indicating
that the algebraic sign of the word is negative, the state
of line OBM remains FALSE, indicative of the negative
algebraic sign of the word just read from memory. How-
ever, if the algebraic zign of the word just read from
memory is positive, so that line (J9)" 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, iadicating that the algebraic
sign of the word just read from memory is positive.

Upon completion of the previously-initiated “MA”
word-cycle, as indicated by line MA being rendered
FALSE, the state of flipflop 6066 is reversed, and lines
MIJ and TS3 are both rendered TRUE thereby. Conse-
quently a “MJ” word-cycle is thereafter executed, where-
by the word stored in memory at the address specified
by section 3 of the instruction register is read out and
copied digit by digit into the “J” digit-register. Again,
if the tenth-order digit of the word just read from mem-
ory and copied digit by digit into the “J” digitregister is
a “9,” indicating that the algebraic sign of the word is
negative, the state of line J9 is rendered TRUE; other-
wise, line (J9)' 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,
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
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
line STD is thus rendered TRUE, line TS4 is rendered
TRUE if the algebraic sign of the word stored in memory
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
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 TS3 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 the con-
tents of section 5 of the instruction register is stored in
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
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
is rendered TRUE, the state of flipflop 6160 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
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 6106 is again reversed, so that
lines RSB and TS3 are both rendered FALSE. If, upon
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-
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-
struction register, line PCI is rendered TRUE instead.
Thus, it is seen, if line PCI is rendered TRUE simultane-
ously with line STD, line TS5 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-
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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:

Subinstrue-
tions

Step Description

Copy into the instruetion register the next in-
struetion word stored in memory at the
address spomﬁcd by the contents of the word-
selecting register; thereafter, if the contents 0!
seetion 1 of the m<trmt1m register is “16,’
£0 to 8lep 2 in the following subprogram.

Copy the nest word from memeory into address-
A, andd stiraltancously therewiih, copy the
word digit by digitinto the* <1 digit-register,
the address of the nest word from memory
being specificd by the contents of seetion 2
nf the instruetion register; therealler, go Lo

Sten 3.

\ulm ot the word stored in memory at the
z\ddruss specifled by the contents of seetion 3
of the instraetion register from the word
stored in Address-A; thereafter, po to Step 4.

If the state of line Oil\I isTRUE, go to Step §;
olherwise, go ta Step 6.

Copy the cantents of seetion 4 of the instruetion
register into the word-selecting register.

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

2. MA-2-3._ ..

RSB-34._....

OBN(1)-6-5.__

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” instruction (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 FIG. 105, at TIME~1 after line MI is rendered TRUE
at the beginning of the previously-initiated “M1” 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 6091 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 rendered
FALSE thereby. When line MA is thus rendered FALSE,
the state of flipflop 610¢ is reversed, so that lines RSB
and TS3 are both rendered TRUE thereby. Consequent-
Iy, 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 ZNg¢ is rendered TRUE

Therefore, if it is assumed that the value of the word
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
OBN is rendered TRUE thereby. Also, when line RSB
is thus rendered FALSE, the state of flipflop 6167 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-
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
of the instruction register are of equal magnitudes, as
indicated by line ZN¢ being rendered FALSE, the state
of line OBN remains FALSE upon completion of the
previously-initiated “RSB” subcommand. Consequently,
when line STD is rendered TRUE simultaneously with
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.

87. Detailed Description of EPT Instructions

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 sequentially-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 instruction register is a “0”’; how-
ever, if the low-order digit is a “1,” the paper tape is
caused to be translated in a reverse direction (ie., re-
wound), during which time only symbol information is
read therefrom.

As previously described with respect to FIG. 88C, the
total number of words read from the paper tape, to be
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”
(EOQF) or “alternate-instruction” (AI) symbols. That
is, the words sequentially read from the tape are stored
in sequentially numbered addresses in memory until either
an “EOF” 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 instruction word
stored in memory at the address specified by the contents
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
the address specified by the contents of section 3 of the
instruction register is completely filled. Thereafter, sec-
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-order address in memory, the
above-described sequence of events being sequentially
repeated until an “EOF” symbol is detected.
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However, when an “alternate-instruction” (AlI) symbol
is detected, zeros are first stored in any remaining digital
positions of the last operable address when the “AI”
symbol is first detected, and, immediately thereafter, 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 in 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 Subinstruc- Description
tions

) IR MI-0-2.._..... Copy into the instraction register the next
instruction word stored in memory at the
address specified by the contents of the word-
seleeting register; thercafter, if the contents
of section 1 of the instrizetion register is417,"
go to Step 2 in the following subprogram.

2. Lp-4-3_._._ ... If the low-order digit stored in section 2 of the
justruction register is a ‘0, go to Step 3;
othierwise, go to Step 4.

f: IO P06 _.___ Trauvstate the paper tape in a forward direction;

) Lhereafter, go to Step 6.

[ S LI-0-65_. ... .. 1f the low-order digit stored in seetion 2 of the
instructionregisterisa‘“1,” go to Step 5,

| T PTRO-6._.... Translate the paper tape in a reverse direction;
thercalter, go to Step 6.

[ I TCL~0-7T_..__. When the output of the paper tape clock is
rendered TRUE, go to Step 7.

A EOQOF-9-8_____. If the digit just read from the punched paper
tape is an end-of {rame symbol, go to Siep §;
otherwise, go to Step 9.

8o PT3-0-18____.| Stop thu paper tape; thereafter, go to Step 18,

R, TCL-0-10.....| When the output of the paper tape clock is
rendered TRUE, go to Step 10.

0. Al-12-11_____.} If the digit just read [rom the paper tape is an
alternate-instruction sylnbo] go to Step 1I;
otherwise, go to Step

b3 S OBM(5)-0-8. .| Preset the state of lme OBM TRUE,; there-
after, go to Step 8.

120 ... L¢—6-13.......1 If the low-order digit of section 2 of the in-
struetion register is a “0,” go to Step 13;
otherwise, go to Step 6.

183._... TDA~6-14____| If the character just read from the paper tape
i; a dats digit, go to Step 14; otherwise, go to

Step 6.
| T O AD(D-0-15.. . Iné’,run(l\nt the digit-countcr; thercafter, go to
1

150 s TDS-3-16.....| Store the data digit just read from the paper
tapeinto the nexthigher order digital position
of the memory address specified by the con-
tents of section 3 of the instruction register;
therealter, go to Step 16.

16 Dg-6-17__._._. If the digit-counter is at a count of **9,” go to
Step 17; otherwise, go to Step 6.

7. IN-0-6_______ Incremrent section 3 of the instruction register;
thereafter, go to Step 6.

18 ... Do-20-19.. ... If the digit-counter is at a count of “9,” go to
Step 19; otherwise, go to Step 20,

19 OBM(2)- If the state of line OBM js TRUE, go to Step

22-23. 23; otherwise, go to Step 22.
200 .- AD(D-0-21.__ Inércment the digit-counter; thereafter, go to
tep 21.

[ S— ROS-3-18._._. Store a zero in the memory address specified
by the contents of section 3 of the instruction
register, the digital position being indicated
by the count of the digit-counter; thereafter,
go to Step 18,

22 e STD-5*. ... Copy the contents of section 5 of the instruction
register into the wi ord-celeutmg register.

23..... 8TD-4-* ... Copy the contents of section 4 of the instruction
register into the word-selecting register.

Upon completion of the execution of the previously
injtiated *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
(ie., “177), the state of line EPT is rendered TRUE in
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the manner previously described with respect to FIG. 586,
and, as an result, a “EPT" instruction is thereafter ex-
ecuted in the following manner.

It is to be noted at the outset, however, 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 cperations 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 the
tape wunit is in a rewinding cycle of operation.

Reference is now made to FIGS., 106A and 106B,
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 Al 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-1 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-1, the
staie of flipflop 6061 is again reversed, and line TH is
thereby rendered FALSE; at the third TIME-1, 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 TS3 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-FALSE
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-1, 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
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 “1” as evidenced
by line TDS being rendered TRUE. Consequently, in
response to lines TS3 and JM both being rendered TRUE
when TH is rendered TRUE, a “JM” 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
position of the address indicated by the contenis of sec-
tion 3 of the instruction register. Thereafter, the state
of flipflop 6061 (FIG. 106A) is reversed and lines TH,
TS3, and JM are rendered FALSE thereby.

it is to be noted that, even though line JM is thus ren-
dered TRUE, any digit previously stored in the “J” digit-
register is not stored in memory in the normal manner via
the “JM” 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
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,
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
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-
rection to 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-to-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
1569, and line GC is again rendered TRUE thereby. At
TIME-1 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-
ond two hundred-microsecond period, during which time
the second-order digit read from the tape is stored in the
second-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-3 after line TH
is rendered TRUE for the second time, the state of line
AD is again rendered FALSE and thereby causes the
digit-counter to be incremented from a count of “0” to a
count of “1.”

As long as line ROS remains TRUE, the above-de-
scribed sequence 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 }he contents of section 3 of the instruction register, at
which time the digit-counter is incremented to a count of
“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 “1.” There-
after, the next group of ten digits read from the tape is
stored in memory at the address now specified by the
contents of section 3 of the instruction register.

After an end-of-frame or an alternate-instruction sym-
bol is detected, the state of flipflop 6098 is reversed due
to a reversal of state of a corresponding one of lines EOF
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and AL 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 6861 is continued to be
reversed at each TIME-1 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 rendered FALSE, 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 after 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 TSS
is rendered TRUE if an end-of-frame symbol is detected.
In response to lines STD and TS4 being rendered TRUE,
a “STD” subinstruction is thereafter executed, whereby
the contents of section 4 of the imstruction register is
stored in the word-selecting register, whereas, in response
to lines STD 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 forward
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 Al is rendered FALSE, and, as a result,
the state flipflop 6098 is again reversed, so that line ROS
is rendered FALSE thereby. In addition, when line Al
is thus rendered FALSE, the state of flipflop 6095 is also
reversed, so that line OBM is rendered TRUE thereby.
In response to line (ROS)’ initially being rendered
FALSE, the state of flipflop 6107 is reversed, so that line
STD 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 STD and TS4 being rendered TRUE, a
“STD” subinstruction is thereafter executed, whereby
the contents of section 4 of the instruction regisier 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
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
flipflop 6998 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
PTF is likewise rendered TRUE, whereas line PTS is
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
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 ROS is rendered FALSE
thereby. As a result of line ROS being rendered FALSE,
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
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 STD is thus rendered TRUE.
Thereafter, a “STD” subinstruction is executed, whereby
the contents of section 4 of the instruction register is
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,
a “STD” subinstruction 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-
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
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.
However, due to the fact that the low-order digit of sec-
tion 2 of the instruction register is now a “1”, so that the
state of line L¢ 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
by section 3 of the instruction register. When an end-
of-frame 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
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
is thereafter executed, whereby the contents of section 5
of the instruction register is stored in the word-selecting
register.

As previously mentionzd, line REW is rendered TRUE
each time the tape is being translated in a reverse direc-
tion. Conseguently, while the tape is being translated
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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 first initiated, 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 “MI” word-cycle.
When line ROS is thus rendered TRUE, line PTR is like-
wise rendered TRUE, and, as a result, the reverse brak-
ing mechanism is de-energized, so that the 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 lines ROS and
PTR are both rendered FALSE. Approximately forty
microseconds after line ROS is rendered FALSE, lines
STD and TSS are rendered TRUE by a reversal of state
of flipflop 6107. As a result, the contents of section 5
of the instruction register is stored in the word-selecting
register. The paper tape, however, continues to be trans-
lated in a reverse direction until an alternate-instruction
symbol is detected, at which time line PTS is rendered
TRUE. As previously described, as a result of lines 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 is “01” and an alternate-instruction
symbol is disposed over the reading head. As before,
line ROS is rendered TRUE by a reversal of state of flip-
flop 6098 when line MIN is rendered FALSE upon com-
pletion of the previously-initiated “MI” word-cycle.
When line ROS is rendered TRUE, line PTR is rendered
TRUE and thereby causes de-energization of the reverse
braking mechanism, so 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 rendered
FALSE, the state of flipflop 6107 is reversed, so that lines
STD and TS5 are both rendered TRUE. Thereafter, a
“STD” subinstruction 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 6058
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 reversed, 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 rendercd
TRUE thereby. As a 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 Operation

There have previously beza described in detail various
modes of operations capable of being executed by the
computer whereby words indexed into the accounting
machine keyboard, or taken from the totalizers therein,
are subsequently stored in selected addresses in memory
via execution of an “EKW?” instruction; whereby words
stored in selected addresses in memory are subsequently
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 ledger card and subsequently
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.

There will now be described another mode of opera-
tion capable of being executed by the computer whereby
words 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
punched paper tape.

It 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
studs 215 and 2186, 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
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-tape-punching mechanism, to be energized
thereby in a well-known manner. Upon the machine
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
thus 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 been initiated in re-
spoiise 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 indicative of the word read out from memory, or
just entered in the keyboard, of taken from a totalizer
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-
eration of the accounting machine is initiated, so that
the main cam shaft 588 of the machine is rotated clock-
wise, a3 viewed in FIG. 44B, through an angular dis-
tance of approximately 126 degrees from the position
shovn, the contacts of switch SC49 are closed due to
the engegement of the cam 592 with the actuator there-
of. Closure of the contacts of switch SC49 completes
the circuit through solencid L47 (FIG. 86) and thus
effects energization thereof. With reference to FIG. 13,
a5 a result of solenoid L.47 thus being energized, its
armature is caused to be rotated counter-clockwise, as
viewed, thercby causing the stud 226 to deflect the lever
223 clockwise and thus shift the switch basket upward-
ly untii selected ones of the plungers 217 and 218 are
respectively engaged with predetermined ones of the studs
215 and 216. As a resuit of such engagement, prede-
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-
with. After the main cam shaft of the machine is ro-
tated 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-
able arm of switch SC48 is deflected downwardly from
the position shown in FIG. 86, solenoid L47 is de-ener-
gized, whereas solenoids 145 and 146 are both caused
to be energized thereby. With reference back to FIG.
13, when solenoid 1.47 is thus de-energized, the switch
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 228, 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-
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
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 particu-
lar stack are electrically connected together until the
solenoid 1.47 is again energized and thereby again causes
the switch basket to be moved upwardly in the same man-
ner as previously described.

With reference to FIG. 45D, there is illustrated there-
in a block diagram of the electrical circuitry which is
utilized by the paper-tape-punching mechanism and
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. Simmermsan and
Melvin T. Roudebush on January 15, 1957, and as-
signed to the present assignee, now United States Pat-
ent No. 2,922,141, issued Fanuary 19, 1960. The tape-
punch control circuitry, the rear form bar circuitry, and
the rack read-out circuiiry 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
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
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 1.47, the vari-
ous amount 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 the totalizers of the ma-
chine, all in the same manner as previously described
with respect to the “EKW,” “POW,” and “MB” insiruc-
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-
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 184 in
each of the ten columns thereof, as illustrated in FIG.
9, with a corresponding raised cam surface 205, which
is formed on the topmost side of the rightmost end of
each of the extensions of the amount racks. Conse-
quently, due to such engagement of the spring clip mem-
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beis 184 with the cams 283, corresponding ones of the
members 184, one in each column, are latched in an up-
wardly-deflected position, 2!l in the manner previously
described. Thereafter, the latched clip members collec-
tively represent the differentially-set digital valued posi-
tions of the amount racks.

After the main cam shaft of the accounting machine
is rotated an angular distance of approximately 182 de-
grees, the actuator of the switch SC49 (FIG. 44B) is
released from engagement with the cam 592. As a re-
sult of the release of the actuator of the switch SC49,
the contacts thereof are thereby opened, With reference
back to FIG. 86, when the contacts of switch SC49 are
opened, as shown, solencids 1.45 and 146 are de-ener-
gized thereby. As a result of solenoids L45 and 146
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 clipmembers 184 are there-
by brought into engagement 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-
prees, the cam 593 (FIG. 44G) engages the actuator of
switch 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 K1
is caused to be energized when the contacts of switch
SC42 are thus closed. When relay solenoid K1 is ener-
gized, contacts K1-—1 are opened and thereby cause a
300-chm resistor to be connected in series with relay
solenoid K1, contacts K1-—2 are closed, contacts K1—3
are opened, contacts K1-—4 are closed, contacts K1-—35
are opened and thereby cause relay solenoid K3 to be
de-energized, contacts K1—6 are closed and thereby
maintain relay solenoid K1 energized, and contacts
K1—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
shaft, the actuator of switch SC42 (FIG. 44G) is re-
leased by the cam 593, so that the contacts of swiich
5C42 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 K1 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 vis the paper-tape-punching mecha-
rism 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. With reference to
FIG. 86, as the contacts of switch SC46 are thus closed
prior to the closure of the contacts of switch SC42, relay
solenoid K5 is energized simultaneously with relay sole-
noid K1 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 con-
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tacts SC42 are subsequently opened. In response to re-
lay solenoid K3 thus being energized, a symbol repre-
senting an opposite algebraiz sign to that which was pro-
gram-selected is punched in the paper tape.

However, if it is assumed that the word stored in
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
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
is subsequently initiated.

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 rotated an
angular distance of approximately thirty degrees, the
overdraft cam shaft 601 is coupled through the gear 604
to the main cam shaft $88 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 anguiar distance of approxi-
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 K1 is prevented from being energized and there-
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-
tated one complete revolution, the contacts of switch
SC45 are caused to be closed 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 K1 is allowed to be energized in the manner pre-
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 cam shaft 601 is rotated an angu-
lar distance of approximately 260 degrees, the normally-
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 K5 is thereafter permitted to be energized when
contacts SC42 are subsequently closed and thereby cause
energization of relay solenoid K1 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 energized, the cycle of operation subse-
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 X5 remains
energized even though the contacts of switch SC47 are
caused to be opened by the cam 613,

89. Operator Controls

As previously mentioned with respect to FIG. 1, lo-
cated on the front of the right-hand portion of the com-
puter cabinet is a control panel 15, having mounted
thereon four push button controls, S¢1—S¢2, S11—S12,
SP1—SP2, and RS1, 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
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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 PWg,
Immediately thereafter, the word stored in memory ad-
dress “¢¢” is read out and storcd in the instruction regis-
ter, and the particular cycle of operation dictated by that
particular instruction word is thereafter executed. When
push button S11—S12 is depressed, the word-selecting
register is preset to “01,” via line PW1, and the particular
cycle of operation dictated by the word stored in memory
address “¢1” is immediately executed thereafter. How-
ever, when push button SP1—SP2 is depressed, the in-
struction register is preset to 0000005900, Immediately
thereafter, the particular cycle of operation dictated by
the contents of the instruction register is executed; i.e.,
“Enter-keyboard-words into memory addresses o¢¢
throngh 99 with an upper motor bar ‘touch’ operation
and a normal decimal-point lamp illumination.” When
reset push button RS1 is depressed, 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¢1—S¢2, S11—S12, or SP1—
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¢1—Se¢2, S11—-812, or
SP1—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 MNI—
MN2, which, when depressed, respectively condition the
computer for a subsequent automatic or a manual mode
of operation. For example, 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 MN1—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 1 and 5 of
the instruction register. For example, counting from left
to right, the lowermost lamps in columns #1 and #2 are
simultaneously ifluminated whenever the contents of sec-
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
two uppermost lamps in columns #4 and #5 are simul-
taneously 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 #35 are
simultaneously illuminated whenever the contents of sec-
tion § of the instruction register is “99”; and so on.
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With the exception of push buiton RS, which has
previously been shown and described in detail with re-
spect to FIG. 76, there is logically illustrated in FIG. 84
the electrical circuilry associated with each of the jusi-
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 sialc
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 any one of flipflops 6134
through 6139 experiences a TRUE-10-FALSE 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 buitons is not deemed necessary in order to insure
a full and complete comprehension of the various novel
aspects 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 various 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 systems,
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 previcusly 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 electronically 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.
It 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 thereinto,

Tt is further assumed, in accordance with standard pro-
gramming techniques, that the particular arithmetic op-
erations necessary to derive the necessary mathematical
results of such a payroll application are determined;
that all arithmetic data-input and data-output format-
control steps are arranged in a logical sequence as ex-
emplified in the following chart; and that the literal in-
structions are encoded into computer language in the
form of corresponding instruction words, also exempli-
fied in the following chart, with cach instruction word
having a format corresponding to that previously described
in detail.
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Instruc- Mem- )
tion Literal instruction ory Instruction and
word address data words

symiol location

SHF..___ Access the initializing rou- 00 {04 {0000

tine,

ECW.__.| Storec in memory the words 0102|6370

read from the ledger card.

SUM.._.| Summarize the words read 02 10|95} 70

from the ledger card for
proof.

CFS.___] Compare the sum with the 03|16 95| 85

proof total.

EXW___| Enter clock number [rom 04 (00 40 | 95

time card.

CFE____| Compare clock numbers_.. ... 05 |16 | 85| 70

M B___._| Return to home position. . 06 [ 06 | 30 | 0O

TOW_ Print cut Progrum Numhbcr. g7 (01120 M4

MDIY__ | Multiply hourly earnings 8 11271 | 63

rate by overtime [actor.

EKW_._| Enter regular hours, ogver- g9 (002095

time hours, other earn-
ings, miscellaneous deduac-
tions.

MUS__ | Multiply carnings rate hy 10[13(36| 71

regular hours.

MUS__ .} Multiply overtime rate by 11 13135 99

overtime hours.

POW_.__{| Print out regular earnings 1201|2095

and overtime earnings.

MDD.___| Multiply numper of de- 13 112172 55

pendents by 13.00.
EXW___| Print out gross earnings 14 100 | 23195
(sub-total “ X" totalizer).

ADD.__..! Add gross carnings to total 15 |08 1 85| 79

gross carnings to date.

SUB_..._ Subtract tax credit from 16 1 02 | 95| 96

gross earnings.

CFM.__..| De¢termine if adjusted gross 17 | 15 1 96 | 62

iy equal to or greater than
AN YN

SIIF.._..| Copy .00 for withholding 18 | 04 ) 00 | 62

tax.

MDD __| Multiply adjusted gross by 19 112196 | 56

§ tax rate.

SITE. .. Copy gross carnings_________ 20|04 100|965

MUS__._| Multiply gross earnings by 21 (13 {35 | &7
F.LC.A. rate,

ADD.___| Add ¥.1.C.A. deduction to 22 |08 | 83|95
F.I.C.A. to date.

CTM._._.| Determine if new F.I.C.A. 231599 | 58
to date is cqual to or
greater than $120.00.

SUB____. Sabtract P.1.C.A. to date 2410058 |83

from $120.00.

ADD i Add F.1.C.A. deduction to 25 108 |95 | 83

F.I.C.A. to date.
ADD____| Add withholding tax to 26 08 | 96 | 95
F.LCA. deduetion.

POW____} Printout Federaltax dedue- 27 0t | 20 1 96

tion.

ADD_.._| Add Tederal tax to Federal 28 | 08 | 96 | 80

tax to date.

MUS._..| Muitiply gross earnings by 29 113 | 35| 59

city tax rate,

POW____| Print out ety tax..________ 30|01 (20197

ADD_.__| Add city tax deduction to 3170819781

city tax to date.
POW.____| Print out union dues and 321012073
community chest dedue-
tions.

MB._.... Move accounting machine 33|06 (4000
carriage to column #18,

POW.____| Print out hond and credit 34101 20|75

union deductions.

POW_.._| Print out insurance and 3510112077

annuity deductions.

ADD.._.| Add uvion dues deduction 361087386

to union dues to date.

ADD____| Add Communily Chest de- 37108 7487

duction 1o Community
Chest deductions to date.

ADD....| Add bhond deduection to 38 |08 75| 88

bond deductions to date.

ADD____| Add credit union deduction 39 |08 | 76 | 89

to credit union deduections
to date.

ADD__._| Add insurance deduction 40 {08 | 77 | 90

to insurance deductions
to date.

ADD__._| Add annuity deduetion to 41 {08 | 78 | 01

annuity deductions to
date.

POWL__._{ Print out miscellancous de- 42 101 |20 |98

duction.

ADD..__[ Add miscellaneous deduc- 43 108 1 98 | 92

tion to miiscellaneous de-
duetions to date.

ADD_.__| Add annuiiy deduetion to 44 1 08 | 78 | 82

annuity deductions to
date,

POW____| Print out fourtotalsto date.. 45 101 120 {79

ADD___ .} Addadvance [actor to check 46 1 08 | 93 | 61

number,

MB._... Print out amount of net 47 106 {20 | 0@

pay (total “ X" totalizer).

POW____| Print ont check number._..__ 48 101 |10 92

SUM___. Sxtnin}arize words for proof 49 110 | 85 | 70

atal.

00
85
84

95
96
96
96
95

96
19

80
96

97
95

99
24

83
56
a6
80
97

07
81

74

00

76

86

87

88
89

90

01

8
02
82
82
93
Q0

93
54

70
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03

25
26
27
28
29
30

31
31

36

35
38
40
37
35

39
35

41

43
44
45
46
47

48

49
50
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Instrue- Mem-
tion Literal instruetion ory Instruction snd
word address data words
symbol location
ROC_... Rcf‘otc'lds words on  ledger BO |03 00| 70|85 0l
card.
SUP.....| Bhift clock nuember iwo BL| 04142958 | 05
Tlaces to the right.
SHI.....| Shift clock number ¢izht 21 0+i28) 8505 63
places to the left,
CFE.__.| Determine if the exception 53 116|951 62167 54
alert dizit is equal to zero.
SHF. __. Copy ferty hours into teni- 5410 00| 60§ ©5 6o
porary storaze address.
Withholding tax exemption 55 100 00|00 13 00
factor; i.e., $13.00,
Wlig.'c\”ho]ding lax rate; ie., 56 | 00| 00| 0000 18
70
FI.C.A. ratejie., 250 .___ 5710000 o0n|25! o0
F.LC.A. maximum; ie., 58 100 | 00| 00 120} 00
$120.00.
City tax rale; ie., 0.5% . .___ G EO0 L0000 05 O
Constant of 40 hours____.__. 60 ¢ 00:00;00/!40] 00
Check npumber advance 61 100 | 000001 00
factor; i, 1.
Constant *“0" ... _____._... 62100 0000|001 00
Overtime factor; ie., 1.5.___. 63 | 00| 00 | 00 | 01 50
CMA....| Clear miscellaneous dedue- 6410510098987 10
tion address.
POW_.__ Prirnt tout forty-hour con- 65 [ 01 |20 | 60 | 60 | €6
stant.
MB..... Move sceounting machine 6100 4380 | 96 | 64
carriagze to column #11.
CFE_.._. Determine if exception alert 6T 1 16 | 05 | 68 | 09 | €0
digit is equal to “1.”
Constant “1”"._.____________ 6811000 | coioo! 00
EXKW___| Enter regular hours and GO L 00|40 | 95|66 64
overtime hours into key-
board.
EXW.__| Enter last check number 70100009394 T1
and prozram number into
keyhoard,
SHT._.._.} 8Shift the program number 7104 4210405} T2
two places to the right.
ADD.. ..} Add program number to 7210895713131} 73
contents of address-31.
CMA____| Clear accumulation ad- 731056 ,00 |8 |92 O1
dresses.
Memory Addresses:
Words read from ledger
card and stored in
Contents
______________ Clock No.
______________ Rate.
______________ No. of Dep.

Union Dues Ded.
Comm, Chest Ded.
Bond Ded.

Credit Union Ded.
Insurance Ded.
Annuity Ded.
Earnings to date.
Fed. Tax to date.
City Tax to date.
______________ Annuity to date,
-w-- FLC.A. to date.
__.. Prev. Qir. Earnings to date,
Proof Total.

Union Dues Accum.
Comm. Chest Accum.
Bond Accum.

Credit Union Accum.
Insurance Accum.
Annuity Accum.
__________________ Misc. Accum.

—---— Last Check No.

b7 S Program No.

L U, Temporary Storage.
b 1 S Temporary Storage.
9 Temporary Storage.
98 Temporary Storage.
99 Temporary Storage.

The instruction words initially stored in memory ad-
dresses 7¢ through 73 are utilized only one time in the
program; i.e., at the beginning thereof. After the con-
tents of memory addresses 7¢ through 73 are once uti-
lized, the addresses are thereafter utilized for subsequent
storage of data words therein, as itlustrated above.
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It is further assumed that the journal sheet and the
pay-check-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 accordance with conventional
practice; that, in accordance with the teachings of the
previously-referred-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 are 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 auto-
matic mode of operation of the computer is desired, as
evidenced by push button AT1—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-
tion cycle of operation of the accounting machine, where-
by the carriage is returned to the home position stop,
the home position stop being the leftmost stop on the
form bar as viewed from the front of the machine and
also as diagrammatically illustrated in FIG. 88D, disposed
directly above column #1. After the carriage has
reached home position, start-preset push button SP1—SP2
(FIG. 1) is depressed. 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 cenditioned to sequentially receive
into memory each of the seventy-four instruction and
data words shown in the just-preceding chart. There-
after, the just-mentioned words, starting with 0400000070
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.
Consequently, as a result of each of the seventy-four in-
struction and data words having been sequentially indexed
into the keyboard, with cach being followed by a resume-
program-bar depression, the program is thereby stored in
memory addresses ¢¢ through 73, the first instruction
word in the program (0400000070) being stored in
address-¢¢, and the last instruction word in the program
(0500869201) being stored in address-73.

After the payroll program is properly stored in memory
addresses ¢¢ through 73, push button S¢1—S¢2 (FIG. 1)
is depressed and thercby 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
stored in scction 1 of the instruction register, a shift
instructicn (SHF) is thereafter executed whereby the
word stored in address-g¢ is simply read out and copied
back in address-¢¢ and the contents of section 5 of the
instruction register-—i.e., “70"—is thereafter stored in the
word-selecting register in the same manner as previously
described.  Immediately thereafter, the instruction word
stored in address-7¢ is read out and stored in the instrac-
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
lamp is iHuminated, the preceding payroll check number,
say 50230, is indexed into the keyboard and the resume-
program-bar subsequently depressed. As a result, the
word 000050230 is stored in address-23, and enter-
keyboard-word lamp “EK” is again illuminated, indicating
that ancther word is to be entered into the keyboard.
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As illustrated in the top leftmost portion of the exem-
plary ledger card shown in FIG. 88A, 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
“17; if the fixed deductions for this particular pay pericd
are insurance and annuity only, the program number is
indicated by the numeral “2”; however, if the 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 particular
pay period are bend, credit unit, insurance, and annuity,
a “3” is indexed into the “dollar™ amount row of the
keyboard. Upon subsequent depression of the resume-
program-bar, the word 0000000300 is stored in address-24,
and, immediately thereafter, the instruction word stored
in address-71 is read out and stored in the imstruction
register. In response to the word now stoered in the in-
struction register, a “SHE” instruction is thereafter exe-
cuted whereby the contents of address-94 is shifted two
digital positions to the right, and the result—ie.,
Q000000003—is stored in address-95. Immediately there-
after, the word stored in address-72 is read cut and stored
in the instruction 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., 0000000003—is added to the word stored in
address-31—i.e., ©897818131—and the resuli—ie.,
0897818134—is stored back in address-31, which, in effect,
causes the numeral “3” to be added to the low-crder digit
of the fifth section wof the instruction word stored in
address-31; thereafter the instruction werd stored in
address-73 is read out and stored in the Instruction reg-
ister. In response to the word now stored in the instruc-
tion register, a “CMA” instruction is thereafter exccuted,
whereby memory addresses 86 through 92 are cleared and
the instruction word stored in address-¢1 is thercafter
read out aud stored in the instruction register.

Due to the fact that the two-decimal-digit number now
stored in scction 1 of the instruction register is “02,”
enter-card-words lamp “EC” (FIGS. 1 and 2) is illumi-
nated, thus indicating that the computer is, at this time,
properly conditioned and ready to reccive the informa-
tion magnetically recorded on the employee’s ledger card,
which, in this instance, comprises the employee’s clock
number, rate of pay, number of dependents, union dues
deduction, community chest dzduction, bond deduction,
credit union deduction, insurance deduction, annuity de-
ducticn, earnings to date, Federal tax to date, city tox to
date, annuity to date, F.I.C.A. to date, earnings to date
at the end of the previous quarter, and proof total.

After the operator inserts the employee’s ledger card
into the card-handling portion of the computer in the
manner previously described, the zbove-mentioned card
words are magnetically picked up one after the other and
stored in memory addresses 7o through 85, as illusirated
in the just-preceding chart. Thereafter, the instruction
word stored in address-¢2 is read out and stored in the
instruction register. In rzsponse to the word now stored
in the instruction register, a “SUM” instruction is there-
after executed, whereby the words magnetically picked up
from the ledger card, with the exception of the “proof
total” amount, are added together, and the result is there-
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. Jf the contents of
addresses 85 and 95 are of equal magnitude, the word
stored in address-¢4 is subsequently read out and stored
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 address-¢1 is
subsequently read out and stored in the instruction regis-
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ter. Thercafter, enter-card-words lamp “E is again
illuminated, indicating that a reading error has occurred
and that the ledger card just read should be removed
manually and again be inserted into the card-handling
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
the employee’s clock 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-
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-¢7 for the next
instruction; otherwise, the computer executes the instruc-
tion dictated by the word stored in address-¢6. In carry-
ing out the dictates of the word stored in address-¢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
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-
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 program being described in detail to this peint, a
detailed comprehension of the remaining portion of the
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
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-
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
present-day accounting operations.

91. Component Chart

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 of
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
blocks; 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,
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81‘2%—
92. Signal Origination and Destination Chart
Shown below in the following chart is an alphabetical Signal Origination Destination
listing of the various signal lines shown throughout the i
logical diagrams, wherein the number in the center col- 30 LA I R
umn corresponds to the figure number of the origination 23 gg
of that particular line; and wherein the number, or num- 66 | 66
bers, in the right-hand column corresponds to the logical g;' (7}},
diagram figure or figures to which the particular line is 35 82 | 81, 83, 82
5 63 gg 67, 60, 71, 75, 76

connected as an input line.

Signal

Origination

Destination

83|83
60 | 62B
60 | 62B

61 | 83,03,70,71

77 176,77
71| 60,71

56 | b6,73,74,75,77,79
72

60,70
74 | 68,60,68,73,74,75,79

40

61 | 58, 68, 71, 72, 74, 75, 76, 77, 78,

79, 80,81, 84

&6 5868 73,74,75,71,79
74 | 53,69,71,74,78
67 60 67, 0,71

84 46, 84
60 | 60
83

62 | 54, 55, 58, 60, 67, 68, 70, 71
62 | 54, 55 58, 60 61 67, 68, 68, 70,

62 | 60,62
60 | 528

62 | 61,62
71 | 60, 41

84 61
84 | 84

g

84 | 56,

84 1 67

831 81,8385
74 6() 68, 731; 74,77, 78

74 ﬁﬂ, 74

71 7 77
55 | 55, 57, 58, 59

3

60, T
74 60 68, 73,74,79

60,62
84 | 01,6471, 75,51
84 | G0, 61',108, 69, 70, 71, 75, 76, 77,

56 7375777879
61 6061646

74 | 60, 69, 73 74,77, 79

56 73 74,7
82’

79
56 gg 71, 73, 70, 76, 77,78, 79

50

83,8 N
62 1,55, 68, 0, 67, 68, 60, 0, 71, 70

60
G

61, 71
84 55 58 60, 61, 62, 69, 74, 75, 17,
79 8
84 | 67, 81

63 } 59, 66, 67, 80

63 | 58, 66, 67, 80

63 | 57, 66, 67 80

63 | 55, 66,

63 | 61, 64 70
66’

63 | 63, 68, 72
63, 72

75 60 69, 71, 74, 75,
62, 63’

61 54 61, 79
58

56 1 66, 71, 73, 74, 75,
68

83 | 82, 83,85
54 | 53, 54, 75, 17

56 | 58, 60, 61, 68, 69,
6, 77, 749, 81, 82,

61 | 53, 68, 72, 76, 77
81

78

71,78

63 | 53, 5555 68. 61 67, 68, 70, 74, 77,

71, 73, 74, 75,
3

56 | 58, 60, 73, 74, 75, 78, 79, 81

82 | 64, 65, 66, 82
7| 7577

72| 71,81
72 15 77,78, 81
72 68 74,76, 79, 81

60, 79
56 53, 60, 69, 73, 75, 76, 77, 79

72 62 68, 70, 71, 72, T4, 75, T

75 58 61, 64, 65, 75,
69 | 60, 69

69 (Jl) 69, 71

69 53 61,69, 71,79
82 81 82, 83,85

76, 17

75 bl 69 75,76,77,79

82 71 72,81, 82
62 61 62 79
8L

57 | 70,78, 81

57 | 62,70, 74,75,78, 81

57 | 62,70,78,81
57 1 62,78 81
57 | 77,79

82 | 82

59 58 69, 74, 75, 76,

58 58 59, 65
&8 58, 59, 64

77,79



253

3,112,304

254

Signal

Origination

Destination

(RAqb—RAQ)
(Ra-Rd).__
[ S

58

59, 64

57, 85, 68 - e me e mcmen
57, 65, 68, 82

7 65, 68, 76, 82

87, 64

56

s

53, 54,71, 72
58,71, 72
54, 11 2

60,7
58 61 68, 69, 71, 74, 75, 76, T7

60, 73

69, 15 76, 77, 81, 85
76, 11,81,85

68
60, 68, 71, 73, 74, 75, 76, 77, 78
76, 84

5 79, 81

57, 68, 7.

55 Em, 58 60, 61, 64, 69, 72, 75,
78, 77, 79

61, 6Y, 76, 77

GS, 74, 75,76, 77,78

60, 68, 71, Y3, 74, 16, 77, 78, 79,
0, 81

8
60, A[) 73
68, 74, 75, 76, 77, 79
61, 4

58 61, 69, 75, 76, 79, 82
55 5b (‘0 67, 68, 70 71
53, 56 ()2, 68, fO, 71 72,

75, 17, 78

78, T4,

0, 7
71,73, T4, 76, 7
82, 83, 85

53

58, 61, 64, 72, 75,76
72,75, 80
72

70, 73, T4, 15 76,77, 8
77, 78, 79, 85

53, 54,73
55 57, 58, 59
80

7

60:' 71, 72,1 73, 74, 75, 16, 77, 78,
79, 80,

58

o 60

Input to Tape Reader Termi-
nal (FWD

Input to Tape Reader Termi-
nal (REV.)

Input to Tape Reader Termi-

68nal STOor)

68
68
64, 65
82

65

54,82

53

4 70
68,73, 74, 75,76, 77, 78,79, 85

74,75, 7

73,74, 75, 77, T8, 79

80

68

54
58, 60, 68, 69, 73, 74,77, 78
85 75

Bignal Origination Destination

85 ] 85

82 | 82,83,85

82 | 81,8285

74174

77 6‘1 76,77

&1

68 68

68 | 68

55 | 58, (‘1 6-, 89, 73, 75, 76, 77, 79,
8

7| 60, 69 4.), 76, 77, 79, 81, 85

83 | 77, 78, 84

kit "'“? T’) 81, 82

76 | 55, 61, 62, 63, 69, T1, 72, T, 75,
%6, 77, 78, 79, 81

67 | 67

78 | 53, 60, 60, 73, 75, 77, 78, 7O

67 | 60

54 | 54

58 | 68

78 | 62,68, 69, 70, 71, 78, 79

79 | 68, 75, T7, 79, 85

53 3 54

70 | 62, 68, 69, 70, T1, 72, 74, 75, 8,
79

85 | 78, 85

79 | 58, 61, 68, 75, 76, 77, 79, 85
54, 60, 61, 69, 70, 71, 79

69, 71, 79

62, 68, 70, 71, 73, 74, 75, 76,
79

60

61, 64

58, 75, 76, 81, 84

76, 81

76, 79, 81, 81

65, 76, 70, 81, 84

60, 61, 68, 71, 73, 76, 78, 79, 81,
82

79, 81

&3

58, 73, 74, 77, 19
85

£
’

-1
@

H
(TI2-T15)
(T32-T85).__ 73
(W #o-We0) .

(VW ai o 85 | 65
(Wia-Wid)

(Y3-6-YQ39)
Z.

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
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-
ing: registering means differentially positionable to dif-
ferent registering positions; means for differentially posi-
tioning said registering means; a storage device of a type
providing a plurality of addressable storage locations,
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
a word manifestation and for reproducing a word mani-
festation previously stored at the particular 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-
tioned; means operatively connected to said informa-
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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 thercon; 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 operation 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 storage 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 effectively
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 thersin; address selecting
means associated with said storage device for obtaining
access to any desired storage location thereof; read-write
means associated with said storage device 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 selected 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
record 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-
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
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
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 actvators being independent-
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 any one of a plurality of differential positions,
the differential position at which 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
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 device for selectively storing
a word manifestation and for reproducing a word mani-
festation 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-
ing means and to said read-write means for causing a
word manifestation indicative 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
card 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 medium; means op-
eratively connected to said signal reproducing and to
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
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
storage device, and including 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-
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-
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
addressable storage locations with each 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 selectively storing a word manifesta-
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
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-
ticn and any of a series of differential positions each
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 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 im-
mgbilizing each of said differential actuators in a differen-
tial position indicative of the particular kind of corre-
sponding order character indexed 1in said keyboard, and a
second electrically energizable differeniial stop means for
selectively immobilizing each of said differential actua-
tors in a differential position indicative of a particular
kind of character; additional means for determining when
the mobile  actuators are at any of the plurality of dif-
ferential positions; means for providing information in-
dicative of the positions at which said actuators were
differentially set; means operatively connected to said
information providing means and said read-write means
for causing a word manifestation indicative of the dif-
ferentially-set positions of said actuators to be stored in
said 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
operative relationship with respect to said recording
means such that a subsequent printing operation on said
medium is effected by said recording means along a pre-
determined printing line of said medium; signal reproduc-
ing means for sensing the information magnetically re-
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 dewvice at the particular
storage locations selected by said address selecting means;
means setable 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
means and with said address selecting means for effect-
ing the reproduction of predetermined word mani-
festations from said storage device, and including means
{er executing the particular computational operation on
said reproduced word manifestations as indicated by said
pattern of control; means for initiating a cycle of opera-
tion of said recording means; means operatively con-
nected to said second differential stop means and said
additional means for causing said differential actvators to
be immobilized at differential positions collectively indi-
cative of a selected portion or portions of the results of
said compufational operation such that said selected
pertion 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
signal reproducing means for magnetically recording on
sajd ledger card record medium a selected portion or
portions of said computational results while effectively
erasing the information previously recorded magnetically
thereon.
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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
effected.

7. A computing machine in accordance with claim 5,
which further includes means for recording on said ledger
card record medium a maguetic indication whose posi-
tion corresponds to the vertical location of the next
printing line of said mediuvm 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 chcsen storage location
thereof; read-write means asscciated with said storage de-
vice for selectively storing a word manifestation and repro-
ducing a word manifestation previcusly stered at the par-
ticular storage location dictated by said address selecting
means; key-set recording means capable of selectively

rinting a plurality of characiers of a plurality of selected
kinds on an associated medium during a cycle of opera-
tion thereof, said recording micans including means for
driving said recording means through cycles of opera-
tion, 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 char-
acter of a different kind, means driven by said drive
means to advance said differential actuators to differential
positions and again return said actuators to normal posi-
tion in a cycle of operation of saitd 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 particular 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
actuators are at any of the plurality of differential posi-
tions; means for providing information indicative of the
positions at which said actuators were differentially sct;
means operatively connected to said information provid-
ing means and said read-write means for causing a word
manrifesiation indicative of the diflerentialiy-set positions
of said 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 recorded thereon, said means being capable of
positioning said medium in operative relationship with
respect to said reccording micans so that a subsequent print-
ing operation on said medium is effected by said record-
ing means along a predetermined printing line of said
medium; signal reproducing means for sensing the in-
formation magnetically recorded on said ledger card rec-
ord medium; means operatively connected to said signal
reprodicing 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 sclecting mecans 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 said read-write means and
with said address selecting means for effecting the repro-
duction of predetermined word manifestations from said
storage device, and including means for executing the
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-
erational speeds thereof; means for iritiating 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-
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
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
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-
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
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
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
advance 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-
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-
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
dictated by said address selecting means; means for re-
ceiving a Jedger 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-
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,
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-
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
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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 opcrational speed of said
signal reproducing means; synchronizing means opera-
tively connected to said signal reproducing and said con-
trol means for synchronizing the opsrational speeds there-
of; means for initiating a cycle of operation of said re-
cording means; means operatively connected to said sec-
onnd differential stop means and 1o 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 linefinding 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
cffectively erasing the linefinding 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 sclected portion or portions of said
computational results synchronized therewith while ef-
fectively erasing the synchronizing and data information
previously recorded magnetically thercon, all at substan-
tially the same rate 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 storing a word manifestation and
reproducing a word manifestation previously stored at
the particular storage location selected by said address
electing 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 selccting means and at a speed
determined by said synchronizing information; means set-
table to a predetermined patlern 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 manifestations 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 synchramizing information,
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UNITED STATES PATENT OFFICE
CERTIFICATE OF CORRECTION

Patent No. 3,112,394 November 26, 1963

Patrick B. Close et al.

It is hereby certified that error appears in the sbove numbered pat-
ent requiring correction and that the said Letters Patent should read as

corrected below.

Column 254, line 72, for "means," read -- means; --;
column 256, line 38, after "positioned" strike out the comma;
column 257, line 36, for "storaged" read -- storage --; line
52, for "setable" read -- setitable --; column 258, line 16,
before "word" insert -- a --; column 259, line 45, after
“recording" insert -- means for selectively immobilizing
said differential actuators in predetermined positions
indicative of the particular kind of corresponding order
character indexed in said keyboard, and a second electrically

energizable differential stop --; same line 45; after
"immobilizing" insert -- each of --; line 65, for "dicated"
read -- dictated --; column 260, line 26, for "correspondings"
read -- corresponds --,

Signed and sealed this l%th day of May 1964.
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Attest:

ERNEST W. SWIDER EDWARD J. BRENNER
Attesting Officer Commissioner of Patents



