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The present invention relates generaily to electronic
computing devices and more particularly relates to a
unique, low cost, gencral purpose (ype of electronic digi-
tal computing device.

With the ever-increasing cpormity and complexity of
record keeping and accounting systems in the business
world of today, there is accordingly an ever-increasing
demand, by necessity, for the adaptation and utilization
of high-speed mechanization techniques compatible with
such systems. Even though the instatlation of large scale
dala processors and electronic computing equipment has
partially satisfied the needs of the larger business estab-
lishments, unfortunately they are not economically with-
in the realm of practical usage by the smaller business
establishments. Consequently, the long-felt nced by
smaller businesses is yet to be satisfied. .

Therefore, one of the principal objects of the present
invention is to devisc a new and improved low-cost elec-
tronic digital computer, which is of the general purpose
type in that it possesses substantially unlimited arithmetic
and programming capabilities and yet is characterized by
extreme simplicity of operation and compatibility with
present-day record keeping and accounting systems.

Another object of the present invention is to devise a
unique electronic compuier having the characteristics
aforesaid and which utitizes a commercially available ac-
counting machine as one of its several input-output means
in a manner such that the printing format is controlled
almost entirely by the accounting machine and thereby
minimizing memory space necessary for printing format-
control.

§till another object of the present invention is to devise
a unique electronic computer having the characteristics
aforesaid and which utilizes a serial-digit data-transfer
technique and an addressable, random access, coincident-
current magnetic core memory synchronized to its several
input-output devices in a novel manner to alleviate the
necessity of extensive buffering to effect communication
with the devices.

A further object of the present invention is to devise
an ambiguous-word type computer having the character-
istics aforesaid and which is capable of utilizing, in an
extremely simple manner, an address incrementing and
decrementing format for an internally stored program
whereby a single instruction of the program is capable of
initiating a sequence of like operations on a multitude of
word significations.

Another object of the present invention is to devise such
2 new and improved low-cost computer which is adapted
to utilize input media in the form of data-carrying ledger
cards, each having recorded thercon a combination of
historical, current, and fixed data which is not only hu-
man-readable, but additionally is machine-readable and
readily adaptable for computaticnal purposes.

Still another object of the presznt invention is to devise

a unique computer of the above-mentioned characteristics
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which not only utilizes the data carried by the ledger card
media and other input media in addition to key-board
entry data to perform all calculations involved in a com-
puiing operation, but additionally, as an incident to the
computing operation, updates the ledger card data in both
its printed human-readable and its magnetically-recerded
meochine-rendable sections znd is thereby capable of pro-
ducing a printed journal sheet and other output docu-
menis, if desired.

A further object of the present invention is to devise a
novel low-cost computer which is capable of suppressing
all insignificant digits while updating the ledger card data
in both its printed human-readable and magneticaily-
racorded machine-readable sections.

And another object of the present invention is to de-
vise a new and improved low-cost transistorized computer
which does not reguire air conditioning and which utilizes
inexpensive resistor logic and transistor flipflop control
circuitry which perform muitiple functions and thus main-
tain the cos: of the compuier at a minimum.

The featurcs of the present invention which are be-
Yieved to be novel are set forth with pariicularity in ap-
pended claims. The organization and manmner of opera-
tion of the invention, together with further objects and
advantages thersof, may best be understood by reference
to the following description taken in connection with the
accompanying drawings, in the several figures of which
like reference characters identify like elements, and in
which:

TFIG. 1 is a perspective view of the novel computer con-
siructed in accordance with the present invention;

FIG. 2 is a plan view of the keyboard of the account-
ing machine portion of the computer;

] FIGS. 3A and 3B, when joined together at the dashed
lines, form a lengitudinal cross-sectional view of the ac-
counting machine portion of the computer;

FIG. 4 is a plan view, partly in section, of the mecha-
nism utilized ia accordance with the present invention for
sgopping the amount racks of the accounting machine por-
tion;

_FIG. SA is a plan view showing the conductor patiern
disposed on the top surface of the printed-circuit board
utilized for determining the stopped positions of the
amount racks;

.F{G. 5B is a plan view showing the conductor patiern
disposed on the bottom surface of the printed-circuit
board utilized for determining the stopped positions of
the amount racks;

.FIG. 5B is a plan view showing the conductor pattern
disposed on the bottom surface of the printed-circuit
board shown in FIG. 5A.

EIG. 6 is an exploded view of one of the various sole-
m.);d actuated mechanisms utilized for selectively stop-
ping an amount rack;

IIG 7 is o fragmentary view of the photoelectric means
|.1|’1E'4;'r:-d for indicating the instantaneous point-by-point
digiial positions of the various amount racks;

FIG. 8§ is a plan view of the timing rack comb utilized
by the photozlectric means of FIG. 7;

FIG. 9 is a plan view of the solenoid-actuated swiich
b.nskct mecans ufilized for determining the stopped posi-
tions of the various amount racks;

. }*‘ﬂI'G. 10 is a partial end view of the mechanism shown
in FIG. ©;

FIG. 11 is a partial front view of the mechanism shown
in FIG., G;

FIG. 12 is a fragmentary cross-sectional view of the
basket portion of FIG, 9;

FIG. 13 is a plan view of the solenoid-actuated rear
form-bar readout mechanism utilized by the card and
paper tape punching mechanisms for sensing the position
of the accounting machine carriage;
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FIG. 14 is a front view of the ledger card handling
mechanism shown in FIG. 1 with the cover and table
portions thereof removed;

FIG. 15 is a partial front view of the solenoid-actuated
mechanism shown in FIG. 16 which is utilized for selec-
tively preventing the lower compression rolls from being
disengaged from the accounting machine platen;

FIG. 16 is a partly cross-sectional view taken along
lines 1616 of FIG, 14;

FIG. 17 is a partly cross-sectional view showing the
relationship between the ledger card handling equipment
and the accounting machine carriage;

FiG. 18 is a partial view of FIG. 17 showing the rela-
tionship between the compression rollers, the card-
handling platen and the accounting machine platen when
the carriage of the accounting machine is open;

FIG. 19 is a partial view of FIG. 17 showing the com-
pression rollers latched against the card-handling platen,
and, additionally showing the relative position of the
magnetic recording and reproducing heads;

FIG. 20 is a partial view of FIG. 17 showing the con-
struction of the slotted side-plate portion of the account-
ing machine carriage;

FIG. 21 is a fragmentary cross-sectional view of a
portion of the card-handling platen driving mechanism
shown in FIG. 14;

FIG. 22 is a plan view, partly in section, of a portion
of the card-handling mechanism shown in FIG. 1;

FIG. 23 is a fragmentary cross-sectional view of the
ledger card guide assembly shown in FIG. 22;

FIG. 24 is a partial plan view of the rear rack driving
means shown in FIG. 17 which is utilized for effecting
linear translation of the accounting machine carriage;

FIG. 25 is a fragmentary view, partly in section, of
FIG. 24 showing the switching means utilized for detect-
ing home position of the accounting machine carriage;

FIG. 26 is a fragmentary view, partly in section, of the
means utilized for preventing a typewriter key on the
accounting machine keyboard from being depressed while
the accounting machine is carrying-out a cycle of opera-
tion;

FIG. 27 is a fragmentary view of the means utilized for
manually locking the typewriter carriage-return keys;

FI1G. 28A illustrates the rotatable position of the com-
mutater switching means, initially shown in FiG. 14,
when the compression rollers are latched with respect to
the ledger card drive platen;

FIG. 288 illustrates the rotatable position of the com-
mutator switching means when the compression rollers
are unlatched from the ledger card drive platen;

FIG. 29 is a fragmentary cross-sectional view longitu-
dinally taken through the ledger card handling mecha-
nism;

FiG. 30 is a fragmentary cross-sectional view of the
solenoid-actuated means shown in FIG. 29 which is uti-
lized for selectively locking the accounting machine car-
riage in home position;

FIG. 31 is a fragmentary view of the card-drive platen-
braking means shown in FIG. 15;

FiG. 32 is a fragmentary view of the solenoid means
utilized for automatically unlatching selected low-order
ones of the order-hooks of the accounting machine from
their respective type-sectors;

FIG. 33 is a side view, partly in section, of one of the
magnetic recording and reproducing heads utilized by the
computer in accordance with the present invention;

FIG. 34 is a partial side view, partly in section, of the
solenoid-actuated type-sector latching and unlatching
mechanism;

FIG. 35 is a partial plan view of the solenoid-actuated
type-sector latching and unlatching mechanism shown in
FIG. 34; . :

FIG. 36 is a fragmentary cross-sectional view of the
composite magnetic recording and reproducing head as-
sembly utilized by the computer;
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FIG. 37 is a fragmentary view, partly in section, of a
portion of the linkage of the overdraft control mechanism
of the accounting machine;

FIG, 38 is a side elevational view of a portion of the
cycle-initiating motor-bar mechanism of the accounting
machine and the solenoid-actuated means utilized for
automatically effecting selective operation thereof;

FiG. 39 is a {ragmentary view of the solenoid-actuated
means which s utilized to selectively prevent an early
release of a depressed amount key during an addition or
subtraction cycle of operation of the accounting machine;

FIG. 40 is a fragmentary view of the portion of the
accounting machine mechanism which is utilized in initi-
ating a total-taking cycle of operation thereof;

FIG. 41 is a fragmentary view of the reverse tabulation

iechanism of the accounting machine;

FIG. 42 is a fragmentary view of the switching means
shown in FIG. 41 which is utilized in detecting whether
or not the accounting machine is in the process of carry-
ing out a cycle of operation thereof;

FIG. 43 is a fragmentary view of the accounting ma-
chine forward-tabulating lever and the switching means
associated therewith utilized in detecting whether or not
the accounting machine carriage is tabulating over a car-
riage stop;

FiIG. 44A is a fragmentary view of the totalizer reverse
key and the mechanism associated therewith;

FIGS. 44B through 44G are fragmentary views of vari-
ous cam actuated switching means which are utilized to
citect selective energization of the paper tape punching
mechanism shown in FIG, 44H;

FIG. 44H is a partial side elevational view of the paper
tape punching mechanism utilized by the compuiter;

FIGS. 45A and 45B, when joined together at the dashed
Iines, form a simplified block diagram of the computer
cireuitry;

FIG. 45C is a simplified block diagram of the adder-
subtracter portion of the computer circuitry;

FIG. 43D is a simplified block diagram of the paper
tape punch control circuitry;

FIGS. 46 through 51 disclose the schematic circuit
diagrams of all of the various building blocks utilized
in constructing the circuiiry portion of the computer;

FIGS. 52A and 528, when joined at the dashed linies,
form a schematic circuit diagram of the coincident-cur-
rent magnetic core memory;

FIG. 53 is a portion of the logical diagram of the
adder-subtracter circuiiry;

FIG. 54 is the remaining portion of the logical dia-
gram of the adder-subtracter circuiiry;

FIG. 55 is a logical diagram of section 1 of the in-
struction register;

FIG. 56 is a logical diagram of the decoder portion
of section 1 of the instruction register;

FIG. 57 i5 a logical diagram of section 2 of the in-
struction register;

FIG. 58 is a iogical diagram of sections 3 and 4 of
the instruciion register;

FIG. 59 is a logical diagram of section 5 of the in-
struption register and the compare circuitry relating to
seciions 3 and 4 of the imsiruction register;

FIG. 60 is a portion of the logical diagram of the
rfaa@-WﬂIe, digit-cyele, word-cycle and subcommand ini-
tialing circuitry;

FIG. 61 is an additiona! portion of the logical diagram
of the read-write, digit-cycle, word-cycle and subcom-
mand initiating circuitry;

FIG. 62 is a logical diagram of the bit-counter;

FIG. 63 is a Iogical diagram of the digit-counter;

FIG. 64 is a logical diagram of the high-order section
of the word-selecting register;

FIG. 65 is a logical diagram of the low-order section
of the word-sclecting register and a logical diagram of
the Y-drivers;

I'IG. 66 is a {ogical diagram of the X and Y grounders;
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FIG. G7A is a logical diagram of the memory sense
amplifiers;

FIG. 67B is a logical diagram of the rack-readout
circuitry;

FIG. 68 is a logical diagram of the R-counter;

FIG. 69 is a logical diagram of a portion of the digit-
cycle initiating circuitry;

FIG. 70 is a logical diagram of the “K” digit-register
and associated circuitry;

FIG. 71 is a logical diagram of the “T” digit-register
and associated circuitry;

FIG. 72 is a logical diagram of the F-counter and
compare circuitry;

FIG. 73 is a logical diagram of the instruction register
transfer circuitry;

FIGS. 74 thru 79 are logical diagrams of the various
word-cycle, time-delay and subcommand initiating fip-
flops;

FIG. 80 is a logical diagram of the rack-stopping sole-
noids and flip-flops;

FIG. 81 is a logical diagram of various solenoid con-
trol and light indicating circuitry;

FIG. 82 is a portion of the logical diagram of the
ledger card handling circuitry;

FIG. 83 is an additional portion of the logical dia-
gram of the ledger card handling circuitry;

FIG. 84 is a logical diagram of the various timing
clock and push-button control circuitry;

FIG. 85 is 2 logical diagram of the magnetic recording
reproducing and control circuitry;

FIG. 86 is a schematic diagram of a portion of the taps
punch control circuitry;

FIG. 87A is a timing chart illustrating the instan-
taneous logical states of the various control lines utilized
during a memory read-write cycle of operation;

FIG. 87B is a timing chart illustrating the instanta-
neous logical states of the various synchronizing clock
lines;

FIG. 87C is a timing chart illustrating the instanta-
neous conditions and states of energization of the various
switching and solenoid means utilized by the tape punch
mechanism;

FIG. 87D is a timing chart illustrating the instanta-
neous logical states of the various control lines utilized
during a magnetic recording and reproduction cycle of
operation;

FIGS. 88A and 88B are diagrammatic illustrations of
a portion of the magnetic ledger card utilized by the
computer;

FIG. 88C is a diagrammatic illustration of a portion
of the punched paper tape utilized by the computer;

FIGS. 88D and 88F together form a diagrammatic
illustration of a portion of the journal sheet and pay-
check-statement combination properly placed in the ac-
counting machine carriage, ready for a posting operation
thereon;

FIG. 88F is an illustration of a pay check;

FIG. 88G is an illustration of a statement form;

FIGS. 89A and 89B logically illustrate the various
portions of the circuitry utilized by the computer in
carrying out an enter-keyboard-words (EKW) instruc-
tion;

FIGS. 90A, 90B and 90C logically illustrate the var-
ious portions of the circuitry utilized by the computer in
carrying out a print-out-words (POW) instruction;

FIGS. 91A, 91B and 91C logically illustrate the var-
ious portions of the circuitry utilized by the computer
in carrying out an enter-card-words (ECW) instruction;

FIGS. 92A, 92B and 92C logically illustrate the var-
ious porlions of the circuitry utilized by the computer in
carying out a record-on-card (ROC) instruction;

FIGS. 93A and 93B logically illustrate the various
portions of the circuitry utilized by the computer in
carrving out a shift (SHF) instruction;

FIG. 94 logically illustrates the various portions of
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the circuitry utilized by the computer in carrying out a
clenr-memory-addresses (CMA) instruction;

FIG. 95 logically illustrates the various portions of the
circuitry utilized by the computer in carrying out 2
motor-bar (MB) instruction;

FIG. 96 logically illustrates the various portions of the
circuitry utilized by the computer in carrying out a stop
(STP) instruction;

FIG. 97 logically illustrates the various portions of the
circuitry utilized by the computer in carrying out an
add (ADD) instruction;

FIG. 98 logically illustrates the various portions of the
circuitry utilized by the computer in carrying out a sub-
tract (SUB) instruction;

FIG. 99 logically illustrates the various portions of the
circuitry utilized by the computer in carrying out a sum
(SUM) instruction;

FIG. 100 logically illustrates the various portions of the
circuitry utilized by the computer in carrving out an add-
pairs-of-numbers (APN) instruction;

FIG. 101 logically illustrates the various portions of the
circuitry utilized by the computer in carrying out a mul-
tiply-dollar-decimal (MDD) instruction;

FIGS. 102A, 102B and 102C logically illustrate the

5 various portions of the circuitry utilized by the computer

in carryving out a multiply-and-shift (MUS) instruction;

FIGS. 103A and 103B logically illustrate the various
poriions of the circuitry utilized by the computer in carry-
ing out a divide (DIV) instruction;

FI1G. 104 logically illustrates the various portions of
the circuitry utilized by the computer in carrying out a
take-alternate-instruction {(CFM) instruction;

F1G. 1035 logically illustrates the various portions of the
circuitry utilized by the computer in carrying out a take-
alternate-instruction (CFE) instruction;

FIGS. 106A and 1068 logically illustrate the various
portions of the circuitry utilized by the computeer in car-
rying out an enter-punched-tape (EPT) instruction;

FIG. 107A is a flow diagram of the sequence of opera-
tions executed in carrying out an EKW instruction;

FIG. 1078 is a flow diagram of the sequence of opera-
tions executed in carrying out a POW instruction;

FIG. 107C is a fiow diagram of the sequence of opera-
tions executed in carrying out an ECW instruction;

FIG. 107D is a flow diagram of the sequence of opera-
tions executed in carrying out an ROC instruction;

FIG. 107E is a flow diagram of the sequence of opera-
tions executed in carrying out an SHF instruction;

FIG. 107F is a flow diagram of the sequence of opera-
tions executed in carrying out a CMA instruction;

FIG. 107G is a flow diagram of the sequence of opera-
tions executed in carrying out an MB instruction;

FIG. 107H is a flow diagram of the sequence of opera-
tions executed in carrying out an STP instruction;

FIG. 1071 is a flow diagram of the sequence of opera-
tions executed in carrying out an ADD instruction;

FIG. 107 is a flow diagram of the sequence of opera-
tions executed in carrying out an SUB instruction;

FIG. 107K is a flow diagram of the sequence of opera-
tions executed in carrying out an SUM instruction;

FIG. 107L is a flow diagram of the sequence of opera-
tions executed in carrying out an APN instruction;

FiG. 107M is a flow diagram of the sequence of opera-
tions executed in carrying out an MDD instruction;

FIG. 107N is a flow diagram of the sequence of opera-
tions executed in carrying out an MUS instruction;

FIG. 107P is a flow diagram of the sequence of opera-
tions executed in carrying out a DIV instruction;

FIG. 107Q is a flow diagram of the sequence of opera-
tions executed in carrying out a CFM instruction;

FIG. 107R is a flow diagram of the sequence of opera-
tions executed in carrying out a CFE instruction; and

FIG. 1078 is a flow diagram of the sequence of opera-
tions executed in carrying out an EPT instruction.

Tnasmuch as the following description of a physical
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embodiment of the present invention is of considerable
length and complexity, and is essentially divided into a
multiplicity of separate sections, the varicus section head-
ings are herein serially numbered and listed below in or-

der to facilitate immediate reference to the varicus por- g
tions of the specification.
Column
L. General Deseription of Computer.____..._________________ 8
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9. Building Blocks Genersy .47
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1. General Description of Computer

With reference to FIG. 1 of the drawings, the com-
puter constructed in accordance with the present iaven-
tion is completely transistorized and is adapted to be con-
tained in an ordinary metal office desk, indicated generally
as 12. Mounted in the center of the desk is one of the
input-output devices for the computer. This particular
input-output device is in the form of an accounting ma-
chizse, indicated generally as 13, which is of the same gen-
eral type as that shown and described in United States
Lelters Patent 2,626,749, issued January 27, 1953, to R, A.
Christian et al. The electronic computing equipment is
contained in both the left-hand and the right-haund scc-
tions of the desk while the two bottom drawers of the
right-hand section thereof have been retained. One of
the drawers is especially adapted for storage of addi-
tional “form-bars” for the accounting machine while the
remaining drawer is adapted for storage of magnretic
“ledger cards” which, together with the form bars, are
utilized to program the computer in 2 manner as will here-
inafter be more fully described. The bridge, located in
back of the accounting machine and connecting the right-
hand and left-hand sections thercof, provides the mcces-
sary support for the electrical power supplies for the com-
puter, and which are energized from a normal 110-volt
power source. Mounted on the right-hand side of the
accounting machine and disposed in front of the carriage
portion thereof, is a card handling mechanism, indicated
gencrally as 24, which is utilized in reading and recording
magnetic information on the ledger cards. And, disposed
on the front of the right-hand section of the desk, is a
control panel 15 which supports a portion of the various
manually operable electrical controls and indicating lights
for the computer.

2. Accounting Macline Portion of Computer {(General}

As the accounting machine portion of the computer is
of the well-known type substantially as that shown and
dezeribed in the aforesaid Patent 2,626,749, o detailed de-
scription of each of the multitude of variously Intercon-
nected mechanisms contained therein is not deemed nec-
cssary in order to obtain a full and complete understand-
ing and appreciation of the present invention. However,
in order to insure such a full and complete understanding,
there will hereinafter be given a brief description of the
various keyboard controls, as well as the salient featurcs
and functions of the major component parts thereof, along
with the minor modifications and additions thereto which
have been found necessary in order to adapt the account-
ing machine as an input-output device for the computer.

3. Eleciric Typewriter Portion of Accounting Machine

With reference to FIG. 2 of the drawings, the account-
ing machine contains an electric typewriler in addition
to mechanisms for adding and subtracting amounts, and,
by means of its form bar, independently functions in
mmany ways as a general purpose computer. All the
mechanisms contained therein are aimed aotf producing
three resulls, mamely: the ability to select, accumulate
and print totals; the ability to print amounts and dates
which are indexed in the key-board; and the ability to
tvpe descriptive information on the various forms and
ledger cards wsed by the machine. The electric type-
writer is an independent power-driven unit having a key-
Loard located directly in front of the “amount” key-
board. “ON” and “OFF” switches located on the left
side of the keyboard, control the supply of cperating
power to the machine, and, a red light indicator 17,
located on the frent of the machine near the right side,
indicates whether or not the electric power is “ON.”

Three selcctive carriage-return keys “RETURN-1,”
“RETURN-2” and “RETURN-3” are located on the
right side of the typewriter keyboard to effect return of
the carringe (o a predetermined stop position, with cr
without vertical spacing of the platen. The position at
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which the carriage returns, depends upon the length of
inserts provided in each of the carriage “stops,” illus-
trated as reference numeral 73 in FIG. 3A. Depression
of each of the typewriier carriage RETURM keys, raises
a “return stop lever” to a given height so that it contacts
the desired “carriage return insert” in the carriage stop,
to halt the trave! of the carriage. Vertical spacing of
{he platen, under controt of the carriage RETURN keys,
is cTected by paper feed slides 18, 18, and 20, each lo-
cated at the side of a different one of the RETURN keys.
When one of slides 18 thru 20 is moved toward ihe
front of the machine, it couples the corresponding RE-
TURN key with vertical space key “VERT” in a man-
ner such that depression of key CYLERT causes the platen
1o be spaced vertically in addition to being returned to a
predetermined position. However, the paver feed key
SVERT” may be used to vertically space the platen one
or more positions or each depression theieof. Located
directly below the corriage return keys is a typewriter
tabmlation key T

TAD” which, when depressed, causes the
carriane to tabulate to a particular cclumn as selected
by a corresponding typewsiter stop. Tt is to be appre-
ciated that ali carr n to hereinafter be described
is dependent upen the fact that the carriage is closed,

At the left of the amount keyboard is a typewriter
ribbon control lever 21, With Jever 21 in tha center or
nermal position, the typewriter prints in black; when in
the lower position, the typewriter prints in red until the
lever is manually restored to norimal; and, when in the
upper positicn, the typewriter prints in red until comple-

.
tion of the next operstion of the acconnting machine, at
whiclt time the lever is automaticaily restored to its central
rosition.  Apother ribhon control lever, not shown, is
located on the top of the machine under the platen.
When this fever is in its forward position, normal black
printing of amounis is offected except during a subtract
operation in the #1 totalizer and during a credit balance
which are automatically printed-out in red.
hen in its rearward position, typewriter ribken control
jowor 21 is rendered effective to control the amount print-
ing operation, the same as on typewriter printing.

4. Amount Keyboard of Accounting Machine

The amonnt keyboard consists of ten rows of keys for
enlering amcornts into the accournting machine totalizers
and/or inio the computer meniory. Fach amount row
consists of nine heys nambered from “1” thru “9,” zevos
and nunciuation being printed automatically. Any de-
pressed amount Key 15 restored to its original positios
when another amount key in the same row is depressed,
Cand, alt depressed nmount kevs are simultancously re-
stored upon depression of the release key “REL” which
is located immediately to the right of the “BALANCE-1”
key in the lower left corner of the kevboard. This re-
fease key is utilized to resiore those keyvs depressed in
ervor, and especially those keys located in the control
caction on the 1zt side of the keyboard, which are not
releused by anctber key in the same row. Any depressed
amount ey, or keys, is automatically restored upon com-
pietion of each machine operation, exeept when “repeat
entry” is called for, either by a stop contrel or by depres-
sion of repeat key “REP® which is iccatcd immediately
1o the right of the numbar V37 key in the control Key-
board section. Those keys fecated on the left side of
the keyboard, sech as daic keys | thru 9 and 1 thio 3
respectively located in ihe eleventh and twelfth rows, are
“staydown” kevs which are not re ed during cach ma-
chine operation but are released only by depression of
another key in that particular row, or by depregsion of a
soecial release key “REL,” locared above the number “37
in the twelfth row. A non-repeat dale key “NON REP”
is located ditectly above the special release key “REL”
and, when d ssed, effects nen-printing of the vear
date when depressed and is restored only by depression
of the date relzase key.

[>4]
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Depression of tabulating “TAB,” located in the
tower right-hand carner of the amnount kevboard, causes
the carrizgs to be tabulated to the Ieft until the movement
thereof i3 arrcsted by a seitable stop on the carriage.
The “TAB” key provides a convenieni means for tabulat-
ing the corriage 1O @ desired columnar position without
the neccasity of using a “motor-bar” operution, but is
pormally not used as o part of a posting sequence. A
carriage-opening key “CARR. PEN” i3 located at the
extreme upper risht-hand cerner of the keyboard and,
uncn depression thereof, seletively initiotes opening and
closing operations of the carriage when the carriage is
located in “home” position.

A single depression of the
carriage-opening key causes the carriege to open if it is
closed, or to close if it is open. The key docs not remain
i od, bet instead is restored to its origi-

nal position aficr each depression.
A carriage-return key "CAR. RET” is located im-
mediately below the carrizge opening key and, when de-
pressed, effects return of the carringe to a given stop

position ¢h is determined by sclective placement of a
auitoble catriage-return insert in the particular stop that

cantrols the position to be selected if the carriage Is
nat cpen,
the machine is opcrating and, conversely, machine op-
cration is locked-out if the carringe-return key is de-
pressed and heid down.

A carringe-release key “CARR REL” locatad on the
richt side of the keyboard direetly above upper-motor-
bar 23, functions in three diiferent ways: if fully depressed
and hoid down while the carriage driving means is de-
encrgized, the carriage is wnio d and thus permitted to
be manually moved in either direction to any desired posi-
tion; when partially depressed. the curringe escapement
mechanism js released to perrnit the carringe to be irans-
driving means;
1 while the car-

sge-drive is energized, the
left-to-right. The carrinps-release key thus permits man-
vai or driven movement of the carriage to any desired
position without interruption by forward or reverse-tabu-
lating stops. The carriage-release key is self restoring
end functions only while depr and when ailowed
to resume its initial position, eficcis eng cement of the
escapement mechanism to hold the carriage at that posi-
tion.

Non-automatic key “MON-AUTG,” located at the right
of upper-motor-bar 23, is a stay-down key which, when
depressed, remains down until released by a non-automatic
relcase key “REFL,” located dirsetly below it. The non-
automatic kev disables the automatic “machine-release”
mechanism to prevent automatic machine opcrations called
for by stop-control.  When the non-automatic key is de-
pressed, the control keys at the left side of the keyboard
must be operated manually in order to initiate selection
of a particular totalizer. Disab ing of the automztic ma-
chine-release mechanism alters the normal posting pro-
cedure in order to allow amounts to be recorded in o
column jn which eniries are infrequently made during a
posting operation.  The non-automatic release key “REL,”
in addition to rcleasing the “NON-AUTO” key, when
depressed and held down, unlocks item-counter reset knobs
24, 25 and 26 so that the corresponding item counters 1
through 3 may be reset to zero, if desired.

Three motor-bars 23, 27 and 28, located on the right
of the keyboard, one above the other, are utilized pri-
marily to release the machine {or operation. By selec-
tive use of the three motor-bars, aleng with motor-bar
control lever 29, the carriage is controlled for normal tab-
ulation, skip tabulation, return tahulation and paper {ecd,
in addition to the disabling of the earriage opening mech-
anism. There are two methods of motor-bar depression,
each causing different results in carriage functions: the
frst 35 a normal “touch” depression which requires less
(han ten oumces of pressure for a distance of one-eighth
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of an inch, after which a greater resistance to further
travel is mct; and the second is a “hold” depression which
requires more than two pounds of pressure for a total
distance of seven thirty-seconds of an inch during more
than one-half of the cycle of the machine.  As the various
carriage functions are 2lsc conirolled automatically from
carriage stops, it would be neeessury to study in detail
all of these functions and controls to obtain a complete
understanding of just what takes nlace under o different
motor-bar condition as modified by control lever 29, As
such a detailed understanding is not dezmad necessary for
a full and complete understanding of the present inves-
tien, only a few of the major motor-bar opcrations will
be briefly discussed. However, a more detailed descrip-
ticn therecf may be had by reference to previcusly-men-
tioned Patent 2,626,749,

A touch depression of upper-motor bar 23 disables
carriage return but does not disable stop-controlied skip
tabulation or paper feed. Even though paper feed is not
provided by the stop over which a touch operation ocours,
the upper-motor bar causes the platen to space according
to the setting of the platen-spacing control lever.

A hold depression of upper-motor-bar 23 disables all
tabulation and carriage return. The upper-motor-bar is
designed primarily to permit certain variations in car-
riage travel from the right or loft, depending upon the
requirements of the applications. For cxample, the upper-
motor-bar disables carriage tabulution and thus permits
vertical posting, and also disables step-controlled coarringe
return and thus provides additional fiexibility to meet the
requirements of the application.

A touch or hold depression of middle-motor-bar 27
provides varying results according to the position of motor-
bar control lever 2% and the stops which control paper
feed, tzbulation, and carrizge return.  With the motor-
bar centrol lever in the “T'AB” position as shown, a touch
depression of the middie-motor-bar causes normal fabula-
tion. However, any step-controlied tabulation takes pre-
cedenice over a touch depression fumction. A hold de-
pression takes precedence over carriage tabulation and
thus causes the carriage to return to the nearest calriage-
return insert.  If a hold depression takes place while the
carrizge is over a stop containing o skip-control insert,
the carriage then returns to a carringe-return insert and
then tabulates to another predetermined stop depending
upon the established skip-control.  With motor-bar con-
trol lever 2% in a central position midway between “TAB”
and “VERT,” a touch depression of the middle-motor-
bar disables paper feed, in addition to normal cairiage
tabulation and return. On a held depression, normal
carriage tabulation, stop-controlled non-tabulation, and
carriage return are all disabled. However, in this in-
stance, paper feed and stop-controlled carriage skip-tab-
ulation function as usual. With the motor-bar control
lever in its Jowermost position “VERT,” on both a touch
and hold depression of the middie-motor-bar, normal car-
riage tabulation and retura arc disabled, Stop-controiled
skip-tabulation and paper feed are not disabled on either
a touch or a hold depression.

The middie-motor-bar thus provides variable control
of carriage travel and platen spacing in order to mect the
requirements of the application. In addition to operating
the machine, it initiates carriage travel to the next pre-
determined posting position.  For such posting procedures
as “Accounts Receivable,” “Accounts Payable,” “G

General
Ledger,” etc., the touch and hold depression operations of
the middle-motor-bar provide the ability to make multiple
postings where the carriare must alternstely tabulate and
return between two posting columns or between the ref-
erence column and the posting column,

A touch or hold depression of lower-motor-bar 28 takes
precedence over and thus disables paper feed, carringe
return and certain types of stop-controlled carriage tabu-
lation, regardiess of the position of the motor-har control
lever. This disabling ability permits the lower-motor-bar
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to effect a “skip-tabulate” machine operation simply by a
touch or hold operation thereof. It also provides the
means for skipping columns in which no postings arc to
be made and to skip operations which are not required
on every posting run; it permits carriage tabulation when
a stop has cstablished non-tabulation control; and it takes
precedence over many functions of the stop, thus provid-
ing variable control over paper feed and carriage tabula-
tion and return.

As previously stated, motor-bar control lever 29 affects
the function of the middle-motor-bar only. When the
lever is in its upper position as shown, the middie-motor-
bar functions in a normal manner, whereas, when in its
middle and lower positions, normal operation of only
the middle-motor-bar is modified.

The control portion of the accounting machine keyboard
is located to the left of the amount section and includes
the usual totalizer selecting and control keys. For exam-
ple, “ADD 17 and “SUBT 1" keys respectively select
totalizer #1 and conditions the totalizer to receive an
additive or subtractive entry. The “BALANCE 1” and
“SUB-BAL 1” keys respectively select totalizer #1 and
cause it to be operated in a “total” or “sub-total” oper-
ation. Located in the same row as keys “BALANCE 17
and “SUB-BAL 17 are four keys numbered 2 thru 5
which select and condition the correspondingly-numbered
totalizer to receive additive entries. However, when any
one of the totalizer-sclecting keys is depressed simulta-
neously with “SUBT 2-5" key, the related tolulizer is
szlected and conditioned to receive subtractive entrics.
Similarly, when any one of the totalizer-selecting keys
is simultaneously depressed with “TOTAL 2-5" key, the
related totalizer is selected and conditionad to be operated
in a total taking operation. Howcver, when the “SUB-
TOT” key is operated in addition to the totalizer-selecting
and the “TOTAL 2-3" keys, the selected totalizer is con-
ditioned to operate in a sub-total operation.

Similarly, located in the same row as keys “ADD 1”7 and
“SUBT 17 are four keys designated 6 thru 9, which, when
operated, select and condition a correspondingly-num-
bered toializer to receive additive entries. When any one
of these four keys is simultancously used with “SUBT
6-9” key, the selected totalizer is conditioned to receive
subtractive entries. However, when one of these totaljzer-
selecting keys is simulianeously used with the “TOTAL
6-9” and the “SUB-TOT” keys, the selected totalizer is
conditicned to operate in either a total or a sub-total oper-
ation in the same manner as described above for total and
sub-total operations of totalizers #2 thru #5.

Only one of the totalizer-selecting keys in a particular
Tow can be depressed at one time even though two total-
izers may be selected simultaneously by depressing a de-
sired totalizer-selecting key in each of the two control
rows. However, if a selecting key is depressed in cach
of the two rows, only the numerical symbol having the
highest number designation is printed for each row, cach
of the seleciing keys being restored to its undepressad
position at the end of each machine operation. Each cf
the totalizer-selecting keys may also be munually restored
by depressing release key “REL” located to the right of
the first row. Thereafler, the selecting keys will not cause
a repeat of the machine operation even though repeat key
“REP” (located to the right of the totalizer #5 select-
ing key) is depressed or even though repeat printing of
amounts is called for by a stop-control.

If the stop over which the machine is operating has
subtract, sub-totcl, or total-taking control over the same
totalizer as does the corresponding selecting key, the siop-
control takes precedence. However, in such instances, if
non-select key “NON SELECT” (located in the upper left
corner of the control keyboard) is depressed, the totalizer-
selecting key takes precedence over the stop control.

It should also be noted that it is possible to utilize
the keyboard control keys in various combinations to en-
able amounts to be transferred from one totalizer to
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another. TFor example, a total may be taken from any
selected totalizer of the group coataining totalizers #2
thru #5 or the group contuining the totalizers #6 thru
#9 and be transferrad either additively or subtractively
into any one of the totalizers of the opposite group. It
is also possible, through the use of the totalizer #1 con-
rol keys, to enter such totals either additively or subtrac-
tively into totalizer #1. Similarly, a total taken from
totalizer #1 may be entcred either addiiively or subtrac-
tively into any one of totalizers #2 thru #9 by depression
of the proper control keys.

Thus, it is seen that the totalizer-selecting keys are used
whenever it is desired to manually select a total or totals
for addition, subtraction, sub-totaling, ot totaling when
they are not selected and controlied by a suitable carriage-
stop insert. Totalizer-selecting keys may also be used at
random to produce totals for analysis or distribution pur-
poses. For example, sales analysis figures and/or account-
ing data is produced as a py-product of “Billing” and
“Accounts Receivable” posting operations by using total-
izer-selecting keys to distribute amounts into totalizers
other than those used in the regular posting sequence. In
the same manner, major account control totals are estab-
lished as a by-product of an “Accounts Payable” posting
operation.

If the total being cleared is negative, credit balance key
“CR. BAL” must also be depressed in order to cause the
printing in red of the true credit balance followed by a
“CR” symbol. A non-select key “NON-SELECT” is lo-
cated in the upper left corner of the keyboard and, upon
depression thereof, disables ail selection and control of
the totalizers from a carriage stop but has no effect on
printer or carriage functions. The non-select key also
permits the machine to be operated when the carriage is
not positioned over a stop. T hus, when the non-select
key is depressed, the machine is permitted to be operated
while either over or off a stop while maintaining complete
manual control over all totalizers.

A reverse key "REV.” is located immediotely below the
nea-select kay and, upon depressiou thereof, causes a
reversal of all addition and subtraction control from a
carriage stop. The reverse key, however, has no effect
on total or sub-total operations from a stop-controi, or
any normal function of the control keys. For example, if
the reverse key is depressed when a “total #1,add #2, and
then subiract #6' operation is called for by a carriage
stop, the operation functions normally by first clearing
totalizer #1. Therealter, the amount cleared from total-
izer #1 is subtracted from totalizer #2 and simultane-
ously added to the contenis of tosalizer #6. If any of
the totalizer-selecting keys are depressed during the same
operaticn, the functions normally produced thereby re-
spectively proceed to cause an addition operation in their
corresponding totalizers, or a subtraction operation if
the subtract conirol keys are depressed.  Simultancous
depressicn of the reverse key and the credit balance key
permits the “X” totalizer to be cleared while the machine
is operating over a carriage stop, with subtract control
of the “X” totalizer being maintained while being changed
to add control.

The reverse key effects printing of a lateral diamond
symbol to the lefi of the amount, which symbol takes
precedence over ail other symbols with the exception of
the “CR” symbol. The reverse key may also be used in
a variety of instanccs such as: correcting errors made
while positing; posting “returns” while invoicing; posting
“dehits” and “credits” in the same column; securing an
old-balance-pick-up of credit balances if the carriage is
operated while positicned over an “add #1” stop; and
securing a second old-balance-pick-up of credit balances
if the carriage is being operated while positioned over 2
“subtract #17 stop.

A non-symbol key, “NON SYM,” is located in the ex-
treme lefi-hand row directly opposite totalizer-selecting
key #9 and functions to disable certain symbol printing.
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The non-symbol key disables all symbol printing con-
trolled by a carriage stop, except the “CR” symbol cn
credit balance and sub-credii balance operations. How-
ever, the non-symbol key has no effect on the printing of
symbols which are initiated by the keyboard control keys
on manually-controlled aperations. The non-symbol key
is locked-down for continuous non-print of symbols by
latch 33 which is rendered effective when moved upward
as viewed. However, when latch 33 is in its ineffective
position, as shown, the non-symbol key is restored at
the end of each machine operaiion. The non-symbol
key may also be manually restored by the release key,
reverse key or non-select key, and, consequently, may be
used to non-print symbols when it is necessary to confine
machine printing to a more narrow column than that re-
quired for the printing of an amount followed by a corre-
sponding symbol.

Nine overdraft indicators, indicated generally as 34
and numbered 1 through 9, are located directly above
the control section of the keyboard and cotrespond to the
correspondingly-numbered toinlizer, with the exception
of the “X” totalizer. The overdraft indicators are ufli-
lized as visual “flag” signals which indicate a minps bal-
ance occurring in a corresponding totalizer. For ex-
ample, when the contents of the totalizers are positive,
the corresponding indicators display a gray color, how-
ever, when a minus condition occurs in a related totalizer,
the correspondingly-numbered indicator displays a white
color. However, if a totalizer is cleared after the con-
tents thereof was previously negative, of, if various posi-
five amounts were added back into the totalizer initially
containing a negative amount, thus causing it to contain
a net positive amount, the corresponding overdraft indi-
cator again displays a gray color. Consequently, the
overdraft indicators provide a means of determining when
a particular totalizer contains a negative amount so that
the credit balance key may be depressed by the operator
to contral the printing of the true credit balance. Insome
applications, such as the automatic machine release being
disabled by a particular stop to provide optional pro-
cedures, the overdraft indicators enable the operator to
determine the existence of a credit balance and in which
totalizer it exists.

In accordance with the present invention, the account-
ing machine just described is slightly modified to facilitate
its adaptability as an input-oniput device for the compuier.
Accordingly, manual operation of motor-bars 23, 27 and
28 are prevented by a cover 35 disposed thereover and
affixed to the keyboard so that selective operation of
each of the motor-bars is controlled solely by the com-
puter. However, a “resume-program” bar rph is lo-
cated just below the three normal motor-bars and is adapt-
ed for manua! operation by the operator 1o initiate a
computing operation, all of which is to be more fully
described hereinafter,

Keyboard decimal-point lights P, P1 and P2 are lo-
cated at the lower section of the amount keyboard be-
tween rows 2and 3, 5 and 6and 8 and 9, respectively, and
provide a visual indication as to the decimal-point loca-
tion on the keyboard for each of the keyboard entries.
Operation indicating lights “EX,” “EC” and “HA,” located
on the left front of the machine just below the control
section of the keyboard, respectively give visual instruc-
tions to the operator as to “Enter-Keyboard-Word,”
“Fnter-Card-Word” and “Halt” instructions, whose fonc-
tions, again, will be core fully described hereinafter.

§. Construction and Mode of Operation of Accounting
Machine Portion of Computer

With reference 10 FIGURES 3A and 3B, there is shown
a greatly simplified cross-sectional view of the account-
ing machine which is essentially the same as that shown
in detail in FIGURES 3A and 3B of said aforementioned
Patent No. 2,626,749 and fully described therein. As a
repetition herein of such massive detailed description and
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ilustrations is not deemed essential for a full and com-
plete understanding of the present invention, but a por-
tion of its salient mechanical features are illustrated in
FIG. 3 for the sake of simplicity. However, enough of
iis mecianical structure is illustrated herein and a brief
description thercof iz given in order that the various
modifications of the machine made in accordance with
tie present inveniion may be fully understood.

Inasmuch as each denominational row of anount keys
is identical with the other, a description of the #9 denom-
inational row, shown in FIG. 3A, is believed to suffice for
the remaining ones. As shown, each of the nine amount
keys of a denominational row is slidably supported for
vertical movement by top-plate 49. Each key supports a
square stud 41 which is normally disposed on the side
of the downwardly projecting stem portion thercof. Lo-
cated near the center of each key stem is a stud 42
projecting therefrom and which cooperates with a diag-
onal-walled cam slot 43 formed in control or latching
slide 44.  Latching slide 44 is supported for lateral move-
ment by rollers 45 and is spring-urged to the right, as
viewed, into engagement with stud 42 by suitable spring
means not shown.  Thus, when one of the amount keys
is depressed, slide 44 is forced to the left by stud 432 and
into engagement with zero-stop pawl 46. As a result
of the engagement, pawl 46 is rotated in a counter-clock-
wise direction about it pivot 47, thereby releasing block
48 integraily connected to differential actuator or rack
4%.  With block 48 released, actuator 49 is freed to move
to the right toward the rear of the machine unti! the
corresponding shoulder 50, formed thereon, comes into
engagement with stud 41 of the depressed key, thus stop-
ping the rack at a lateral position commensurate with
the digital value of the key depressed. For cxample,
when the #8 key is depressed, the square stud on the
lower end of the stem thereof engapes the lowermost
shoulder of rack 49 and thereby stops the rack in its
#8 digital position, the square stud on the #7 key en-
gages the next higher shoulder, and so on.

The #9 key, however, does not function exactly as do
the remaining keys. When the #9 key is depressed, slide
44 is forced to the left, pawl 46 is rotated counter-clock-
wise, block 48 is released, and rack 49 is permitted to
travel the entire distance to the right, during the machine
operation, until stopped by projecting bar 51. This ex-
treme position of the rack corresponds to its #9 digital
position. If none of the keys of a particular row are
depressed, the corresponding rack is not permitted to
move and thus remains in its #0 digital position.

All of the racks are guided at the rear ends thereof
for straight-line movement during their travel by means
of a slotted bar, not shown, which is supported between
the side-frames of the machine. FEach of the racks asso-
ciated with a particular amount row of the keyboard
is connected by link 54 to an auxiliary rack 55 which is
also guided for straight-line sliding movement. Tt is thus
evident that the exact linear translational movement of
amount rack 49 is immediately transmitted to its corre-
sponding auxiliary rack 35. With respect to the racks
associated with the date and symbol key-banks, no auxil-
iary rack is provided inasmuch as these banks are used
merely for printing purposes and consequently do not
have any corresponding totalizer wheels associated there-
with. Each of the amount racks is provided with a slot
§6 formed on the lower side thereof, for receiving stud
57 mounted on reducer-arm segment 58, which, in turn,
is rotatably mounted on reducer arm shaft 59 journaled
at either end in the side-frames of the machine. The
rightmost lower edge of reducer-arm segment 58 is spring-
urged by spring 64 into engagement with leading-frame
bar 60 which is supported between a pair of identical
leading-frame arms 61, only one of which is shown.
Arms 61 are fixedly secured to either ends of reducer-arm
shaft 59 and are located just inside the side-frames of the
machine. Each of arms 61 is provided with a roller 62
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on the lower end thercof which are adapted to engage
with bifurcations provided on a cam follower arm, not
shown.

When the main cam shaft of the machine is rotated
through one revolution by motor 63 mounted on the
lower side of the machine base 65, the cam follower arms
are first rocked in one direction and then are rocked in
the opposite direction so as to cffect movement of feading
frame 61 first toward the rear of the machine and then
back to its original position as shown. As each of
reducer-arm segments 58 is spring-urged into engagement
with leading-frame bar 68, by means of pin and slot con-
nection $6—57 segment 58 is capable of translating its
related amount rack first to the right and then to the feft,
as viewed. Hence, all of the amount racks are simul-
tancously urged by spring 64 toward the rear of the
machine during the first half of the machine cycle uniil
each is stopped by its respectively depressed key. There-
after, all of the amount racks are positively restored to
their home position, as shown, by means of Jeading-
frame bar 60 coming into direct engagement with arm
58 during the second half of the cycle.

The resulting differential positioning of each amount
rack is transmitted to its corresponding type sector 67,
by means of link 68 pivotally cornnected between type
sector 67 and segment 58 to rotatably position the type-
sector to correspond to the digital position of the amount
rack, type-sector 67 being pivotally connected to the
upper end of printer arm 69 rotatably mounted on printer
shaft 70.  Printer arm 69 is normally locked in the posi-
tion shown by printer release trigger 66, which, when
rocked counter-clockwise, releases the printer and permits
it to be spring-urged clockwise by spring 73, thereby driv-
ing type-sector 67 against the record material placed
around platen 71. After type-sector 67 has been sub-
stantially positioned during the first half of the machine
cycle and leading frame bar 69 has completel its rear-
ward movement, aligner bar 72 is rocked into engagement
with the aligning notches formed on the lower end of
reducer arm segment 8 so as to precisely alien all of the
printing sectors in their differentially-set positions. After
the printing operation is completed, aligner bar 72 is dis-
engaged from the reducer arm aligning notches thus per-
mitting the racks and type-sectors to return to home posi-
tion.

In some types of accounting operations, it is desira-
bie that a “zero” is not to be printed when an amount
key in a particular amount row is not depressed. Thus,
as more clearly shown in FIG. 34, a “zero-climination”
order-hook 76 is pivotally mounted on rod 77 supported
in printer framework 52 and is provided with a tooth
which cooperates with a corresponding tooth on control
plate 78 so as to retain plate 78, arm 69, and hence
sector 67 against printing movement even though trig-
ger 66 is rocked counter-clockwise as previously de-
scribed. There are other times, however, when it is de-
sired that the “zero” be printed when an amount key is
not depressed. This is accomplished as follows: As pre-
viously described, during the first half of a machine op-
eration the amount racks arc moved rearwardly, thereby
causing reducer arm segment 58 to be moved out of its
home position. This rearward movement causes stud 53,
mountcd on an extension of segment 58, to cam down
the tail of order-hook 76 and thus move the tooth thereof
cul of engagement with the corresponding tooth on plate
78 and thus permits type-sector 67 to make a printing
stroke.

With reference to FIG. 35, there are shown sixteen
zero-elimination order-hooks 76 disposed on <haft 77 in
a side-by-side relationship with respect to one another,
each being associated with a particular type-sector to
control the operation thereof as previously described.
The first and second ones of order-hooks 76, counting
from right to left as viewed, respectively control opera-
tion of the first and sccond ones of type-seciors 67 (o
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allow the printing of symbol designations only. The
third order-hook controls operation of the third type-sce-
tor which normally prints the first-order or “penny”
decimal digit of the amount word having a value from
“0” through “9.” The fourth order-hook controls op-
eration of the fourth type-sector which normally prints
the second-order or “dime” decimal digit of the amount
word with the decimal digit “0” thru “9” being preceded
by a decimal point. Thus, by selective control of the
third and fourth type-sectors, printing of amounts from
.00 to .99 cents are cffected. The eighth order-hook con-
trols the printing operation of the eighth type-sector
which normally prints the sixth-order or “thousand dol-
lar” decimal digit of the amount word, with each deci-
mal digit “0” thru “9” preceded by a comma. Like-
wise, the eleventh order-hook controls printinz operation
of the eleventh type-sector which normally prints the
ninth-order or “million dollar” decimal digit of the
amount word, with each decimal digit thereof preceded
by a comma,

Therefore, it is evident that for those zcro digits which
are to be suppressed, the corresponding order-hook is
permitted to lock its corresponding type-sector against
a printing movement. Accordingly, for those zero digits
which are to be printed, the corresponding order-hooks
are rocked out of engagement with their respective type-
sectors to permits those sectors to complete their print-
ing operation. Interlocking studs are provided on the
upper ends of order-hooks 76 and cooperate with onc
another in a conventional manner so that a disengaged
order-hook effects the simultaneous disengagement of all
lower-order order-kooks with respect thereto.

The just described accounting machine is provided
with ten conventioral add-subtract totalizers, each of
which has a capacity of 99,999,999.99, Only six of the
ten totalizers are diagrammatically iliustrated in FIGS.
3A and 3B and are numbered 1 through 5, and one
designated as the “X” totalizer which is used in over-
draft operations in a manner to be later described herein,
Each of the totalizers includes one gear wheel for each
of the denominational orders of the number, with each
gear wheel having twenty teeth formed along the pe-
riphery thereof. All of the gear wheels of the totalizers
are located in a co-planar relationship with respect to
amount racks 49 and auxiliary racks 55 and are adapted
to be selectively engaged with and disengaged from the
rack teeth in order to permit keyboard entrics to be
transferred therein and to perform the various calculat-
ing functions of the machine.

Located beneath the control keys of the keyboard are
a plurality of totalizer control slides, not shown, which
selectively effect the engagement and disengagement of
totalizers #2 through #9 with respect to their respec-
tive amount racks. The type of operation to be per-
formed in any of the totalizers, such as add, subtract,
total, or non-total, is determined by the distance through
which ijts associated totalizer control slide is permitted
to move. The movements of these slides are controlled
either by carriage stops, indicated generally as 73 in
FIG. 3A, which are mounted on the traveling carriage,
indicated generally as 74 in FIG. 3B, or by the conirol
keys located on the left-hand side of the keyboard, as
previously described. As a complete understanding of
the totalizer control apparatus, necessary to carry out the
above-mentioned cycles of operation, is not believed
necessary for a full and complete understanding of the
present invention, a detailed description thereof is not
herein given. However, such a detailed description may
be found in the before referred-to Patent 2,626,749, and,
consequently, will not be again repeated herein.

In order to provide the computer with the capabiiity of
either “sensing,” and thereby determining the respective
longitudinal positions of the various amount racks, or
to selectively arrest movement of the racks to position
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each in a predetermined one of its ten positions indicative
of numerals “0” through “9,” a “read-in read-out” device
has been devised and attached to the rear of the accouii-
ing machine. With additional reference to the plan view
of FIGURE 4, the device consists essentially of a pair of
side plates 88 vertically disposed on either side and to the
front thereof. Side plates 82 are connected together by
means of a horizontaily disposed mounting-bar 81,
afiixed by suitable means (not shown) to plate-attaching
blocks 79 attached to plates 80. Plates 80 are additienally
connected together by rack-solenoid cross-bar 82, affixed
thercto by means of screws 83 threaded in either end of
cross-bar 82. Mounting-bar 81 is also fixedly secured to
the base 65 of the machine (FIG. 3B) by means of screws
threaded thercin, whereas, cross-bar 82 is additionally
fixedly sceured 1o header-bar members 84 of the machine
by strap braces 85, respectively affixed thereto by bolts
86 and 87 threaded therein. A second pair of side plates
83 arc each secured to one of side piates 80 by screws 89
threaded in plates 89, and are additionally secured to one
another by means of horizontally disposed switch-bars
59 aflixed normally thereto by mcans of screws 91
threaded in either end of bars 99.

A printed-switch support member 94 (FIG. 3B),
affixed to bars 90 suitable means not shown, is provided
with a pair of veriical projections 95 located on either
end thereef, and onto which is secured a horizontally dis-
posed plunger-support member 96 by means of screws 97
(F1G. 4) threaded in projections 95. As shown in FIG.
4, a plurality of identical rack extensions 98 are indi-
vidually connected by means of pins 99 and spring clips
1530 to a different one of the ten auxiliary racks 55 which,
when viewed from right to left, respectively represent
the low-order digit 0" through the high-order digit “9"
of the amount word entered in the keyboard of the ac-
counting machine as previously described. As shown in
FiG. 38, on the uppermost edge of each of rack extensions
¢8 are formed ten “saw-tooth” shaped rack teeth, indi-
cated generally as ¥81, cach of which, from right to left as
viewed, respectively represents one of the ten digital
amount positions “0” thru “9” of a different one of the
amount racks.

In order to obtain “straight-line” travel of the amount
racks during movement thereof, each of rack extensions
98 has riveted thereto a switch plunger 102 which is in
sliding contact with plunger support member 96 and is
guided between guide washers 183 which, in turn, are
rotatably supported by screws 104 threaded in support
member 96. Vertical movements of the amount racks are
prevented by means of a horizontally disposed cross-bar
92, which is affixed to side plates 89 by screws 93 threaded
in either end of the bar, cross-bar 92 being fitted in a
rectangular slot 198 formed in each of the amount racks.
Rack “wobble” is prevented by means of a double-edged
comb 3169 aflixed to the front face of cross-bar 92 by
screws 110 threaded therein, comb 109 being inserted in
siot 108 of each of the racks in such a manner that each
rack is effectively slideably fitted in the space between
oppositely disposed teeth of the comb, thus preveniing any
bending movement of the racks during travel thereof.

When all of the amount racks are traveling from home
position toward the rear of the machine in 2 “setting”
direction, it is necessary that all travel in uiison with
neither lagging nor leading the other. Consequently, a
“helper” spring 165 is connected between each of rack
exiensions 98 and spring bar 166 attached at either end
thereof to side plates 88 by suitable means not shown.
Each of the springs possesses a “spring-constant” charac-
teristic sufficient to maintain all of reducer arm segments
58 (FIG. 3A) in contact with their respective leading-
frame bar 6@ during the cycle of operation of the machine.
Thus, during the rack-seiting operation, all racks simul-
taneously move in exact alignment during their setting
operation.

For reasons to become more apparent hereinafter, it is
desired that the various digital positions at which the
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amount racks have been positioned, be easily determinable
by the computer. Consequently, wiper arm assembly,
indicated generally as 167, is affixed to and carried by
the lower side of each of rack extensions %8. The assem-
bly comprises an angle-bracket 111 welded to rack ex-
tension 98, and which supports a laminated body of elec-
trically non-conductive wafers 132 having sandwiched
therebetween a pair of flexible, electrically conductive and
oppositely disposed wiper blades 113 and 114 which are
fixcdly secured at one end by means of suitable boits 115.
The opposite ends of wiper blades 113 and 134 are in
sliding contact with the upper and lower faces, respec-
tively, of a printed circuitry type of switch board 116
which is secured to support member 94 by means of
screws 117 threaded in blocks 99.

With reference to FIGS. 5A and 3B, printed-circuit
board 116 consists essentially of an electrically non-con-
ductive support having a plurality of electrical conductors
formed on the opposite surfaces thereof by clectrodeposi-
tion, etching, or other well-known techniques. FIG. 5B
is a plan view of the conductor arrangement disposed on
ihe bottom face of board 116, which arrangement com-
prises ten conductors 119, each positioned parallel to the

rovement of the amount racks, and thus wiper blades
114, and terminating on the lower side of the board at
terminals D¢ through D9, respectively corresponding to a
successively higher-order amount rack representation.
FIG. 5A is a plan view of the conductor arrangement on
the upper face of board 116, which arrangement com-
prises ten conductors 118 positioned perpendicular to
the movement of the amount racks, and thus wiper blades
113, and terminating on the upper side of the board at
terminals 120a thru 120j, respectively corresponding to
the ten digital positions “0” thru “9” of the amount racks.
As conductors 119 are arranged parallel to the move-
ment of the amount racks, wiper blades 1i4 are, at all
times, in elcctrical contact with corresponding ones of
conductors 119, whereas, wiper blades 1i3 are, at all
times, in electrical contact with one of conductors 118,
depending upon, of course, the distance their respective
racks have moved in order to get to their present digital
location. For example, if the amount rack correspond-
ing to the first-order digit is still at home position, the
lowermost one of wipers 113 remain positioned on the
first vertical conductor located en the left of board 1186,
as viewed in F1G. SA. However, if the amount rack has
moved and is now located in its number “1” digital posi-
tion, wiper blade 113 is then positioned on the conductor
located second from the left, and so on, to the tenth ver-
tical conductor upon which wiper blade 113 is positioned
when the amount rack is located in its number “9” digital
position.

Therefore, as wiper blades 113 and 114 are clectrically
connected together, in order to “interrogate” the first-
order amount rack as to its digital position, for example,
it is necessary only to supply a pulse of electrical cnergy
at terminal D¢ on the lower side of board 116. Conse-
quently, the interrogation pulse appears at one of termi-
nals 128a thru 120j on the upper side of board 116 de-
pending upon, and corresponding to, the digital position
of the low-order rack. For example, if the first-order
rack is in the number “3” digital position, the interroga-
tion pulse appears at terminal 126 on the upper side of
board 116. It is now evident that in crder to interrogate
all of the amount racks as to their raspective digital posi-
tions, it is necessary only to sequentially supply an elec-
trical impulse to terminals D¢ thru D9, and immediateiy
thereatter a sequence of output pulses appear at output
terminals 120a thru 120j, respectively corresponding to
the digital position of each of the ten amount racks. That
is, if the first pulse output is at output terminal 1287, if
the first-order amount rack is located in the number “5”
digital position; if the second output pulse appears at
output terminal 1284, the second-order amount is lecated
in the aumber “1” digital position, and so on, until the
jast or tenth output pulse appeurs at one of ihe oulputl
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terminals indicative of the digital position of the tenth-
order amount rack.

In order that the computer is capable of controlling the
printing operation eflccted by the accounting machine,
it is mecessary that suitable means be provided whereby
any selected one, or ail, of the amount racks of the
machine are capable of being stopped at predetermined
digital positions under the control of the computer.
With reference to FIG 3B, in addition to the “exploded”
view of FIG. 6, such a computer-controlled rack-stopping
miechanism consists essentially of a plate 125 attached
to the front face of cross-bar 82 by screws 126 threaded
thercin and essentially extending the cntire distance be-
twecn side plates 8G.

It is to be uppreciated that essentially there arec a
total of ten individual rack-stopping mechanisms, each
one being identical to the one shown in FiG. 6 which
corresponds to and controls positioning of the tenth-
order amount rack,

An L-shaped bracket 127 is secured to plate 125 by
means of screws 129 threaded in bracket 127 and a rack-
stopping solenoid RASL (corresponding to the tenth-
order rack) is affixed to bracket 127 by suitable means
not shown. A flat solenoid armature 130 has riveted
thereto an L-shaped spring member 128, the horizontally
disposed leg portion of spring member 128 being affixed
to bracket 127 by means of screws 132 threaded therein,
and washer 13 being interposed between the heads of
screws 132 and spring member 128. The face of the
vertical leg of armature 130 is disposed in close proximity
to core 133 of solenoid RASL and is magnetically at-
{racted thereto each time the solenoid is energized by
clectrical current being passed through input leads 134
and 135 thercof. Also riveted to the vertical face of ar-
mature 139 is an horizontally disposed lever arm 136
having a pair of downwardly depending arms 137 cup-
porting a cylindrical tempered-steel rack-stoppinz pin 138.

Therefore, it is evident that each time any one of the
ten rack-stopping solenoids is selectively cnergized, the
vertical leg of armature 138, ccrresponding to that par-
ticular rack, is atiractcd toward solenoid core 133, the
left end of lever arm 136 is deflected downwardly, and
pin 138 is inserted in front of the tooth on rack extension
¢4 corresponding 1o the digital position that particular
rack is desired to be stopped. Thus, by selectively ener-
gizing all ten of rack-stepping solenoids RApL-RASL
(FIG. 4) from computer controlled means at particuiar
times during their movement in the setting direction, each
of the amount racks is stopped and thus positioned at
anv digital position from “0” to “9” and each is then
effective to control printing of the numerical digit corre-
sponding to the digital position of that particular amount
rack as previously described. With the exception of the
rightmost one of teeth 201, all of the teeth on rack ex-
tension 98 are equally spaced by a distance of approxi-
mately five thirty-seconds of an inch. However, in order
to provide a suitabic clearance of approximately twenty-
five thousandths of an inch between rack-stopping pin
133 and the rightmost or “0” digit tooth during inser-
tion of the pin, the spacing between the “0” digit tooth
znd the zdjacent “1” digit tooth is five thirty-seconds less
twenty-five thousandths, or approximately .132 inch.

A Taminated epring buffer mechanism (FIG. 3B) com-
prising top, ceater, and bottom L-shaped leaves 142, 143,
and 144, respectively, is affixed to the upper surface of
cross-bar 82 by means of screws 145 threaded therein.
The lower end of each of the depending leg portions of
leaves 142 and 143 has a vertical slot, not shown, centrally
formed therein to accommodate lever arm 136 of the
raclk-stopping mechanism together with rack exlensicn 98,
Eoth of which are slidably positioned therein. The width
of the slot in lexves 142 and 343 iy slighily Jarger than
{he grentest thickness of arm 136 or rack 98, but is much
smailer than the width projection of depending arms 127,
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Additionatly, the buffer mechanism is 50 positioned that
cach end of rack-stopping pin 138 is in closc proximity 1o
the front surface of leaf 142. As a result, Isaves 342
and 143 provide a support for the backside of pin 135
to absorb the force of the blow exerted by the rack iecth
on pin 138 when the rack is suddenly stopped thereby.
However, it has been found that when the rack is traveling
at maximum velocity in the rearward setting direction
and is brought to a sudden stop by pin 138 being inserted
in front of one of teeth 181, the lower ends of leaves
142 and 143 are deflected to the right as viewed in
FIG. 3B. When the rack is suddenly brought to a stand-
still, the depending legs of leaves 142 and 143, due to
the energy stored therein, attempt to resume their origina
position. As a result, they tend to overshoot their mark
by deflecting to the left and thus attempt to drive the
rack in the opposite direction. To minimize this unde-
girable effect, a screw 146 is slidably mounted in aligned
holes formed in leaves 142 and 143 and is threaded in
leaf 144. A pressure setling spring 147 is interposed be-
tween the head of screw 146 and washer 148 positioned
against the front face of leaf 142. ‘Thus, by suitable
adjustment of screw 146, a suitable friction damping effect
is provided the rack-stopping mechanism and rebounding
of the racks is minimized.

As previousty described, during a rack setting operation,
all non-stopped amount racks travel in unison and in
alignment with the other. Consequently, control means
have been provided whereby the computer not only de-
tects the corresponding digital positions of all stopped
racks, but, in addition, detects the point-by-point digital
position of all non-stopped racks. With reference to rIG.
4, an eleventh or timing rack 149 is provided having a
consiruction and mode of operation exacily the same as
the just-described amount and auxiliary racks 4% and 55,
rezpectively, with the exception that timing rack 149 is
not stopped at any time by a depressed key on the ac-
counting machine keyboard and is not provided with a
sclenoid-actuated rack-stopping mechanism. Actually, a
conventional amount and auxiliary rack are used for this
purpose and the row of keys, iocated on the accounting
machine keyboard and which selectively stop that par-
ticular rack when depressed, along with the zero stops
46 (FIG. 3A) associated therewith, have been removed.
Timing rack 149 is provided with an extension 159 at-
tached thereto by pin 99 and spring clip 188, and is essen-
tially of the same general construction as rack extensions
98 with the exception that rack extension 156 does not
have any teeth formed thereon.

With reference to FIG. 7, together with the partial
plan view thereof in FIG. 8, 2 flat ond horizontally dis-
posed, timing rack comb 151 is welded to the uppermost
face of rack extension 158 and has formed therzin cight
rectangular shaped slots 152 varallel disposed with re-
spect to cne another with their long axes perpendicularly
disposed with respect to the direction of movement of
rack extension 150, An L-shaped bracket 156 is afiixed
to the upper surface of cross-bar 82 by means of screws
157 threaded therein, and a cubical block of insulating
material 188 is attached to the lower frent face of the
depending leg of bracket 156 by means of screws 159
threaded in block 158. Block 158 has embedded therein
a photocell 168 whose terminals are connected to output
terminals 161 and adaptaed to be energized by leads 162
connected to a suitable source of electrical energy, not
shown. A further L-shaped bracket 163 is attached to
mounting bar 81 by suitable means, not shown, and has
mounted on the horizontal leg portion thereof, a light
source 164 which is energized by leads 165 connected to
a suitable source of electrical energy, not shown, A hori-
zontally dispesed flat plate 166 is fixedly secured to the
lower end of block 158 by suitable means, not shown, and
is positioned directly below and parallel with respect to
timing rack comb 151 intermediate light source 164 and
comb 151, Plate 166 has a single rectangular-shaped slot
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167 formed therein disposed substantially parailel with
respect to, and of sufficient length so as to partially over-
lap the slots formed in comb 151 1t is evident, there-
fore,,that as timing rack 156 is moved from left to right,
as viewed, the slots formed in comb 351 sequentially co-
incide with the slot formed in fixed plate 166, thus se-
quentially exposing light source 164 to photocell 160.

For the accomplishment of the desired objectives in
accordance with the present invention, it is desirable that
the sequential alignment of slots 152 and 167, from the
rightmost to the leftmost of slots 152, be synchronized
with the time at which the non-stopped amount racks
simultaneously pass through digital positions number “17
thru “8 TFor example, at the beginning of a rack-
setting operation when all the amount racks are posi-
tioned in their number “0” digital positions, the relative
positions of slots 152 with respect to slot 167 are as
shown in FIG. 8. However, when the non-stopped
amount racks are approaching their number “1" digital
positions, slot 167 is also approaching alignment with
the righimest one of slots 152; when all non-stopped
amount racks are approaching their number “27 digital
positions, slot 167 is approaching alignment with the
second from the rightmost one of slots 152; and so on,
until all non-stopped amount racks are approaching their
number “8"” digital positions, at which time slot 167 is
approaching the eighth or lefimost one of slots 152,

However, as the just-described solenoid-actuated rack-
stopping mechanism is not capable of inserting rack-
stopping pin 138 (FIG. ¢) in front of the desired one of
rack tecth 101 in a zero amount of time even after the
corresponding solenoid is energized, the computer, hence
ihe solenoid, must be “warred” or notified slightly in ad-
vance in order for the rack-stopping mechanism to be
cffective in siopping its related rack at the desired digital
position. For example, it has been empirically determined
that, with a rack traveling at an average velocity of
approximately twenty inches per second, approximalely
ome-tenth of an inch is sufficient anticipation for the rack-
stopping mechanism. Consequently, as the tooth pitch
of the amount racks is approximately equal to five thirty-
seconds of an inch, slots 167 and 152 are in substantial
alignment approximately two-thirds of a digital position
ahead of the non-stopped amount racks. However, as the
amount racks start with an initial velocity of “zero” and
are therefore traveling at a relatively low velocity when
passing through digital positions number “1” and number
“3" and also as the spacing between the first and the
second oncs of rack tecth 161 is approximately twenty-
five thousandths of an inch less than the pitch of the re-
maining teeth, as previously mentioned, the distance be-
tween the slots formed in comb 151, at the rightmost end
thereof, are much less than the distance between the slots
formed in the lefimost end thereof.

Ideally, the slot spacing should approximate the curve-
plot of rack velocity vs. time. However, due to various
loading conditions of the amount racks occurring during
the setting operation thereof, the exact spacing between
slots are empirically determined. Such an empirical de-
termination is as follows: a satisfactory distance between
slot 167 and the first one of slots 152, counting from right
to left and when in a “0" digit position, is .045 inch; a
satisfactory distance between the second and the third
oncs of slots 152 is .162 inch; and the consecutive dis-
tances between the remaining adjacent ones of slots 152
are .164, .153, .157, .153 and .139 inch, respectively,
corresponding 1o slot distances 3—4, 4—5, 5—6, 6—17,
and 7—8; a slot width of .030 inch has been found
satisfactory.

with reference to FIG. 3B, there is shown a mechani-
cal type of memory device which is utilized by the com-
puter to temporarily store indications of the digital posi-
tions of each of the amount racks at the end of the previ-
ousty-initiated rack-setting operation. The device then
operates suitable output means in the form of a con-
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ventional card or paper tape punching mechanism which
makes a permanent record of all of the sequential digital
positions at which the amount racks were stopped during
a programming or computing cperation.

Such a memory device consists essentially of a hori-
zontally disposed upper switch-basket, indicated gencrally
as 170, and a horizontally disposed lower switch basket
located directly below switch-basket 17¢ and indicated
generally as 171, Upper switch-basket 17§ consists essen-
tially of a substantially flat, rectangular-shaped and hori-
zontally disposed board 172 composed of a suitable elec-
trically non-conductive material, such as fiberboard or the
like, and affixed to the underside of cross-bars 173 by
means of screws 174 threaded therein. Cross-bars 173,
in turn, are affixed to side plates 8§ by means of screws
175 which are threaded in the ends of bars 173 as shown
more clearly in FIG. 4, Board 172 is provided with ten
equally spaced and rectangular shaped slots 176, the long
axis of each slot being in axial alinement with the direc-
tion of movement of a different one of the amount racks.
A column of ten pairs of equaily spaced and metallic
spring-clips 177 are fixedly secured to an electrically non-
conductive mounting block 178 and collectively form a
unitary assembly of the upper switch-basket. As shown
more clearly in FIG. 12, the lower end of each pair of
spring-clips 177 making-up a column is “snapped in” and
held by the same one of the rectangular slots formed in
board 172. With reference back to FIG. 3B, each col-
umn of spring-clips is disposed directly above and oriented
parallel with respect to the direction of movement of a
corresponding amount rack, and the spring-clips within
the column are spaced in a manner such that each pair
is positioned with respect to another pair to correspond
to a different one of the tcn digital poesitions of that par-
ticular amount rack. Each of the spring-clips has con-
nected thereto an electrical conductor forming a part of
input-output cable 179 which is electrically connected in
a manner to be more fully described hereinafter.

Lower switch-basket 171 consists essentially of a sub-
stantially flat, rectangular-shaped and horizontally dis-
posed upper shelf-plate 180 and lower shelf-plate 381
held in position by vertically disposed back and front
side-plates 182 and 183, respectively, in a paralicl rela-
tionship with respect to one another. Shelf plates 180
and 181 are provided with a plurality of apertures in-
dividually through which is slidably disposed a lower
electrically-conductive spring-clip member 184. Spring-
clip members 184 are arranged in equaliy-spaced col-
umns and rows and are positioned so that each of the
lower spring-clip members is disposed directly below one
of upper spring-clip members 177, as shown more clearly
in the fragmentary view of FIG. 12. With refcrence to
FIG. 9, the lower spring-clip members are arranged in
ten equally-spaced columns which are designated, from
right to left, #0 through #9 and are oriented in axial
alignment with respect to the movement of and respec-
tively corresponding to one the ten amount racks previ-
ously designated as the first-order digit rack thru the tenth-
order digit rack. Each of the ten lower spring-clip mem-
bers within a column is equally spaced with respect to
one another and are positioned in rows, each of which
corresponds to one of the ten digital positions of the
amount racks. With reference to FIG. 12, two pair of
upper and lower spring-clip members 177 and 184, re-
spectively, are taken from columns #8 and #9 and
shown for illustrative purposes only. As shown, each of
lower spring-clip members 184 within each column is
guided for vertical movement only by means of common
shaft 185 riding in an elongated slot 186 which is formed
in the lower end of member 184, Each of spring-clip
members 184 within a row are spring-urged downwardly
by means of spring 187 which is interlaced between rods
188. Rods 188 are affixed at their ends to side-plates 182
and 183 (FIG. 9) and pins 189 are carried by spring-
clip members 184. An elongated bale 198 is rotatably
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mounted on shaft 191 affixed at its ends to side plates
182 and 183 (FIG. 9) and is spring-urged by spring 192
in a clockwise direction, as viewed, into cngagement with
each of lower spring-clip members 184 which are located
in the same column.

Therefore, each time spring-clip member 184 is de-
flected upwardly, bale 139 is first rocked cournter-clock-
wise by cam surface 169, and then is rocked clockwise by
spring 192 when cam surface 169 passes the end-most
projection of bale 190. Thereafter, bale 150 engages the
Tower-most portion of cam surface 169 and locks spring-
clip member 184 in its upwardly deflected position, as
shown by the dotted lines, and thus effects a short-circuit
of upper spring-clips 177. However, if a different one of
the lower spring-clip members, located in the same col-
umn, is subsequenily dellected upwardly, bale 190 is
again rocked counter-clockwise and the lower clip mem-
ber, which was previously held in a locked position, is
returned to its lowermost position by means of spring
187. However, the subsequently deflected lower clip
member is locked in its upwardly deflected position by
subsequent clockwise rotation of bale 190, as before. Tt
is therefore seen that only one of the lower spring-clip
members in cach column is permitted to be locked in an
upwardly deflected position at any one time due to the
fact that a subsequently deflected lower clip member re-
leases all previously deflected lower clip members located
in the same column,

With reference to FIGS. 9 and 10, lower switch basket
171 is provided with a shaft 193 on either end thereof
which rides in an elongated slot 194 formed in arms 195
and 196. Arms 195 and 198 are fixedly sccured to
either end of shaft 197 journaled in side-plates 88. On
the right-hand extension of shaft 197, as viewed, is fixedly
secured arm 198 having a slot formed in the end thereof,
the slot being engaged by pin 199 carried by the ro-
tatable armature 284 of an electrically-opersted solenoid
designated L46 and which is mounted on side-plate 83
by means of bolts 201. Solenoid L46 is a conventional
commercially-available rotary type which, when encr-
gized, the armature thereof is caused to be rotated in a
clockwise direction, and, when de-energized, the armature
is spring urged in a counter-clockwise direction hack to
its initial starting position. Mounted on lcft side-plate 88
by means of bolts 202 is a second electrically-actuated
solenoid designated 145 which is identical in construction
as previously described solenoid 1L46. Rotatable arma-
ture 203 of sclenoid 145 carries a pin 204 which engages
an elongated slot formed on the end of arm 195.

With reference to FIG. 3B, lower switch-basket 171
is spring urged upwardly, as viewed, by suitable springs,
not shewn, and normally rests in the positicn as shown.
However, when sclenoids 1.45 and L46 are simultanc-
ously energized, shaft $97 is rocked clockwise and baskct
171 is lowered to a position suflicient to engage the Iower-
most end of one of spring-clip members 184 in each of
the ten columns with a corresponding raised ¢am surface
205 which is formed on the top side of the rightmost end
of each of the ten switch plungers 162 which are in-
dividually affixed to the end of one of rack cxtensions 98.
Consequently, one of spring-clip members 184 in each of
the ten columns engages cam 205 on its corresponding
amount rack, by means of plunger 102, in a manner such
that all of the engaged clip members, one in each col-
umn, are latched in an upwardly deflected position as
previously described. 'When solenoids L45 and L46 (FIG.
9) are both de-energized, switch basket 171 s spring
urged upwardly and consequently all of the latched clip
members 184 are thereby brought into engagement with,
and thus short-circuits, corresponding ones of upper
spring-clip members 177. As shown, clip member 184,
corresponding to the number “0” digital position of its
particular amount rack, is illustrated as being in engage-
ment with clip member 177 which is located in the num-
ber “07 digit position in its particular column. However,
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had the amount rack been in its number “97 digital posi-
tion, the rightmost one of clip menmbers 184, that is, the
one located in the number “97 digital position, would
have been deflected upwardly instead of the lower clip
member located in the number “0” digital position as
shown.

With reference to FIGS. ¢ and 11, a C-shaped bracket
296 is riveted or otherwise secured to either end of mount-
ing board 180 ard js provided with a siot 287 into which
slidably fits a vertically oriented rod 265. Rod 2¢8 is heid
fixedly secured by means of set-screw 269 threaded in
bracket 216 which, in turn, is fixedly secured to side-
plate 88 by means of screw 211 threaded in the cad of
bracket 210. Consequently, it is seen that the desired
vertical movement of lower basket 171 is insured at ail
times.

In some instances, operation of the card or papsr tape
punching mechanism is required only when the account-
ing machine carriage is in certain coiumnar positions cor-
responding to the columnar format of the ledger cards or
business forms in the carriage thereof. Consequently,
operation of the punching mechanism is additionally con-
trolled by means of a plurality of switches located at the
back of the traveling carriage which are acluated by a
plurality of adjustable stops removably mounted on a rear
form-bar located on the back of the corriage. Such o car-
riage-position switch mechanism is of the same general
type as that shown and described in copending application
Serial No. 567,411, filed February 23, 1956, by Edgar H.
Sonnanstine, Jr., and assigned to the same assignee as the
instant application. Consequenily, a detailed description
thereof is not deemed necessary to be again ziven hercin
in order to obtain a full understanding and appreciation
of the present invention.

Briefly, however, with reference to FIG. 17, the mecha-
nism includes a substantially C-shaped rear form-bar 212
removably mounted on suitable backets, not shown, which
are secured to the lower rear framework of the carriage,
the rear form-bar being essentially of the same general
construction as the front form-bar which is similarly at-
tached to the front of the carriage. Rear form-bar 212
is stidably supported between rollers 213 and extends sub-
stantially the full length of the carriage. Removably
secured to the rearward face of form-bar 212 are a plu-
rality of plates 214 which are disposed along the leagth
thereof in predetermined positions corresponding to the
columnar format of the business forms to be inserted into
the carriage of the accounting machine.

Fach of plates 214 is provided with two paraliel and
vertically disposed columns of holes formed therein, not
shown, one predetermined hole or holes in each column
having inserted therein one of switch operating studs 215
and 216. With reference to the plan view of FIG. 13,
stud 215 is adapted to coact with one of a plurality of
switch plungers 217 arranged in a left-hand row, whereas,
stud 216 is adapted to coact with one of a plarality of
switch plungers 218 arranged in a right-hand row. The
total number of switch plungers 217 and 218 are equal
to the total number of columnar holes formed in plate
214, and ecach plunger is disposed directly opposite a
different one of the holes, and, consequently, directly op-
posite any stud inserted therein.  As shown, plungers 217
and 218 are slidably mounted in a shiftable framework,
which, together with plungers 217 and 218, constitutes a
switch basket similar to previously described switch basket
171 shown in FIGS. 38 and 9. Each of the plungers has
an enlarged rearward end, or lower end as viewed, having
parallel side surfaces which fits snugly betwcen and is
guided for movement by suitable slotted guide rods 219.
The forward, ie. upper, end of cach of the plungers is
slotted to snugly embrace a suitably slotted guide rod 220,
guide rods 219 and 226 being fixedly secured at their ends
to top plate 221 and 2 bottom plate, not visible, which are
slotied to receive guide rod 222 to form a shiftable frame-
work for supporting plungers 217 and 218. A substantial-
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ly V-shaped actuating lever Z23 is pivotally mounted on
stud 224 and has the end of the upper arm thereof pinned
to upper plate 221 and also t the lower plate, not shown,
by means of pin 223 which is fixedly secured between the
upper and lower plates. The end of the remaining arm
of lever 223 is slotted to receive stud 226 carried by the
rotatable armature of an electrically-actuated, rotary
cotenoid 147 which is of the same general construction as
those previously described.

When solenoid L47 is energized, the armaiure thereof
is rotated in a counter-clockwise direction, as viewed,
thereby causing stud 226 to rock lever 223 in 2 clockwise
direction to shift the switch basket upwardly until a
selected one of each of the upper ends of plungers 217
and 218 respectively engage studs 215 and 216. Con-
sequently, as a result of such engagement, predetermined
ones of plungers 217 in the left-hand row, and prede-
termined ones of plungers 218 in the right-hand row, are
both depressed and latched in their downwardly deflected
positions, and, additionally, simultaneously release se-
lected ones of previously depressed and latched plungers.
When solenoid 147 is de-energized, the switch basket is
spring-urged back to its initial sturting position. As a
result of the basket return, the electrically non-conductive
tip 228, carried on the lower end of each of the plungers,
engage and thus deflect downwardly the topmost ones of
a plurality of switch blades 229 which are arranged in
twenty rows with each row corresponding to a different
one of plungers 217 and 218. When the uppermost one
of switch blades 229 is deflected downwardly, all of the
switch biades in that particular column are electrically
connected together until solenoid 227 is again energized to
move the switch basket upwardiy, as viewed, as previously
described.

A substantially V-shaped arm 153 is pivotally mounted
on stud 154 and supports a roller on the upper end there-
of which is adapted to engage a projection of plate 214,
as shown in dotted lines, to rock arm 153 counter-ciock-
wise, as viewed, and effect actuation of a switching mecha-
nism, indicated generally as SC41, in a well known man-
ner.

With refercnce to FIGS. 44B and 44D, cam actuated
switching means have been provided to effect selective en-
ergization of solenoids L45 and L4s (FIG. 9) and 147
(FIG. 13) at predetermined times and in a predetermined
sequence, in addition to effecting selective energization
of a suitable paper tape punching mechanism in a manner
to be described hereinafter. It is to be noted that FIG.
44D is essentially a fragmentary view of the main cam
shaft mechanism of the accounting machine poriion of
the present computer which is illustrated in FIG. 44 of the
previously referred-to Patent 2,626,749 and fully described
therein.

Briefly, however, the main cam shaft 588 of the ac-
counting machine extends transversely across the machin
bencath base 65 and is journaled at either end in roller
bearings 589, only one of which is shown, mounted in
brackets 599 secured to the under side of base 65 by
means of screw 591 threaded therein. Even though not
illustrated in FIG. 44D, cam shaft 588 has secured thereto
a plurality of cams which are utilized for controlling
verious machine functions in a manner fully described
in Patent 2,626,749. In accordance with the present in-
vention, however, a pair of plate cams 592 and 593 are
affixed to either side of a spiit hub 594 by means of screws
595 threaded therein. Hub 594, in turn, is fixedly secured
to shaft 588 by means of screws 596, As shown more
clearly in FIG. 44B, a fiat plate 597 is secured to depend-
ing projecticns formed on the underneath side of base
65 by means of screws 598 threaded therein. A mount-
ing frame 599, in turn, is fixedly secured to the bottom
side of plate 597 by means of screws 600 threaded therein
and is adapted to have fixedly secured to the depending
leg thereof, by suitable means not shown, a plurality of
switches SC42, SC48, and SC49.
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As diagrammatically illustrated in F1G. 44G, and, as
shown by the timing chart of FIG. 87C, for reasons to
become more apparent hereinafter each time main cam
shaft 588 of the machine is rotated clockwise through =
arc of 126 degrees from the starting position as shown
in FIG. 46B, cam 592 engnges the movable arm of switch
SC49 such that the normally-opened contacts thereof are
closed thereby; when the main cam shaft is rotated 168
degrees clockwise from the starting positicn as shown,
cam 592 additionally engages the movable arm of switch
SC48 such that the normally-opened contacts thereof are
closed and the normally-closed contacts thereof are
opened thereby; when the main cam shaft is rotated 182
degrees, the movable arm of switch SC49 is released by
cam 592 and the normaliy-opened contacts thereof re-
sume their initial opened condition; a 213 degree clock-
wise rotation of the main cam shaft causes cam 593 to
engage the movable arm of switch SC42 such that the
normally-opened contacts thereof are closed thereby; a
224 degree clockwise rotation of the main cam shaft
causes the movable arm of switch SC48 to be relezsed
by cam 592 such that the normally-opened and the nor-
mally-closed contacts of switch SC48 are allowed to re-
sume their initial conditions; and, a 264 degree clockwise
rotation of the main cam shaft causes the movable arm
of switch SC42 to be released by cam 593 such that the
contacts thereof are allowed to resume their initial con-
ditions.

As previously mentioned, due to the incorporation of
an overdraft control mechanism in the accounting ma-
chine portion of the present computer, true negative totals
are permitted to be selectively printed-out from any of
the totalizers therein, all of which is fully described in
the previously referred-to Patent 2,626,749, With refer-
ence to the fragmentary view of FIG. 44F, which esscn-
tially corresponds to FIG. 47 of the just referred-to patent,
the overdralt control mechanism includes an overdraft
cam shaft 631 extending transverscly across the machine
beneath base 65 and is journaled in brackets 662, only
one of which is shown, which are secured to the under-
neath side of base 65 by means of screws 643 threaded
therein. Secured to overdraft shaft 601 is a spur gear
624 which disconnectably engages a similar spur gear,
not shown, mounted on main cam shaft 588 (F1G. 44D).
As fully described in the just referred-to patent, the pitch
diameter of overdraft gear 604 is twice that of the similor
gear mounted on the main cam shait of the machine,
thereby causing overdraft cam shaft 681 to be rotated at
one-half the speed of main cam shaft 588 when the latter
is rotated during a machine cycle.

In accordance with the present invention, a pair of leaf
switches, indicated generally as SC45 and SC47, are in-
sulated from and fixedly sccured to bracket 605 by means
of screws 606 threaded thercin, bracket 605 being fixedly
secured to bracket 682 by suitable means not shown.
Rotatably mounted on a stud 607 (FIGS. 44C and 44E)
aflixed at one end to bracket 685, are a pair of cam fol-
lower arms 608 and 609 which are respectively spring
biased in a clockwise direction, as vicwed in FIGS. 44C
and 44E, by means of springs 610 and 611, TFixedly se-
cured to overdraft cam shaft 681 arc a pair of cams 612
and 613 which are properly positioned on shaft 691 so
as to engage rollers 614 and 615 respectively carried by
cam follower arms 608 and 609. Respectively affixed to
the upper end of each of arms 688 and 609 is one of a
pair of insulating tips 616 and 617 which are adapicd ta
respectively engage leaf switches SC45 and SC47.

With additional reference to the timing chart of FIG.
87C, when main cam shaft 588 is rotated 30 degrees from
the initial starting position thereof, overdraft cam shaft
601 is engaged thereto and is thereafter rotated at one-
half the speed of the main cam shoft. Thereafter, each
time overdraft shaft 60% is rotated 10 degrees counter-
clockwise from its starting position as skown in TEI.
44C, cam follower arm 608 is permitted to be rocked
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clockwise by spring 616 due to the decreascd diameter
of cam 612 being presented to roller §14. Thus, when
arm 693 is rocked clockwise, the normaliy-closed contacts
of Ieaf switch SC48 ure opened thereby. Each time over-
draft shaft 601 is rotated 1635 degrees counter-clockwise
frein its initiul starting position, an increased diameter
of cam §i2 is presented to roller 614, and, consequently,
cum follower arm 628 is rocked counter-clockwise and
thereby closes the contacts of switch SC45.

With additicnal reference to FIG. 44E, each time over-
druaft shoft 651 is rotated 260 degrees counter-clockwise
from its starting position as shown, the maximum diam-
cter of cam 613 is presented to roller 615, and, conse-
qucntly, cam follower arm 609 is deflected counter-clock-
wise such that the normally-opened contacts of leaf switch
5C47 are closed thereby. However, each time the over-
draft shaft is rotated 2990 degrees counter-clockwise from
its starting position, the minimum diameter of cam 613
is presented to roller 615 to allow arm 689 to be rocked
clockwise by spring 611, which, in turn, allowed the con-
tacts of switch SC47 to resume their undeflected positions
as shown,

6. Paper Tape Punch Portion of Computer

It is to be appreciated that substantially any one of the
multitude of commercially available paper tape or card
recording mechanisms is quite easily adaptable to be
utifized by the present computer {o provide a permanent
record of all of the sequential digital positions at which
the amount racks of the accounting machine portion
thereof were selectively stopped doing a programming
or computing operation. However, FIG. 44H discloses a
partially cross-sectional and fragmentary view of a pre-
ferrcd high speed paper tape recording mechanism so
utilized by the present compuicr, which mechanism is
fully described in copending application Serial No.
820,539, filed June 15, 1959, by Richard C. Simmerman
et al. and assigned to the present assignee, FIG. 44H of
the present application being substantially identical to
“IG. 1 of the just-mentioned copending application.

It is to be noted at the cutset that the recording mech-
anism partially shown in FIG. 44H essentially relates to
that portion of the entire mechanism which is utilized,
together with a commen feeding means, for punching a
single hole in the paper tape during each operation there-
of. As it is desired to utilize a transversely oriented
column of eight holes, plus one sprocket hole, in a re-
cording tape with respect to the travel thereof, and in
accordance with the particular code associated with the
punching mechanism, it is to be appreciated that the
complete paper tape recording mechanism, in fact, in-
cludes a combination of nine substantially identical ones
of such punching mechanisms shown in FIG. 44H, plus
the single paper tape feeding means.

As shown, side frames 618, only one of which is shown,
form the main supporling structure for the recording
mechanism, side frames 618 being held in a fixed spaced-
apart relaticnship by means of a plurality of cross-bars
including a punch guide block 619, a punched lever
comb 620, and a punch interposer guide block 621. A
rectangulariy-shaped punch support block 622 is fixedly
secured to one of side-plates 618, by suitable means not
shown, and is provided with a single row of nine bores
formed therethrough, each bore being adapted to have
slidably disposed thercin a punch member 623. Each
of the punch members 623 is provided with a recess lo-
cated midway its length, into which is disposed one end
of a punch-restoring lever 624, punch-restoring lever 624
being rotatably supported on a shaft 625 fixedly secured
to the side frames 618, and additionally being spring
urged in a counter-clockwise direction, as viewed, by
means of a spring 626 connected to the leftmost end
thereof.  Censequently, punch members 623 are spring-
urged upwardly by means of corresponding oncs of levers

; 624. A die block 627 is spaced from and parallel dis-
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posed below punch support block 622 and is provided
with a corresponding row of nine bores formed there-
through, with each of the bores being in axial alignment
with respect to a different one of punches 623, and, the
space between support block 622 and die block 627 being
of sufficicnt magnitude to provide a proper clearance for
the passage therethrough of paper tape 6238.

A plurality of nine punch levers 629 are cach pivotally
supported by a different one of punches 623 and are each
rotatably mounted on an eccentric 636 formed on a shaft
631, which, in turn, is journaled in the side frames 618.
A punch lever comb 620 is transversely disposed mid-
way the length of punch levers 629 and is provided with
a plurality of rectangulariy-shaped siots for accommo-
dating each of the punch levers. The comb 629 also
houses a shaft 632, which constitutes a stop for each of
the punch levers 629 which are normally being urged
thereagainst by means of the spring bias applied to
punches 623, as previously described.

Suitable power means, not shown, is operatively con-
nected to the shaft 631 so as to continually rotate the
eccentric 630 in a clockwise direction during operation
of the punching mechanism. This clockwise rotation of
the eccentric 630 causes the rightmost end of cach of the
punch levers 629 to be vertically translated in an ellipti-
cal oscillatory path. Disposed adjacent the rightmost
end of each of the punch levers 629 is a corresponding
plurality of interposers 633, one for each of the punch
Jevers 629, slidabiy supported in a guide comb block 634,
which is fixedly securcd to punch interposer guide block
621 by suitable means not shown. Each of the inter-
posers 633 is substantially pinned to the lowermost end of
an interposer arm 633, the uppermost end of each of the
interposer arms being rotatably supported on a shaft 636
contained within the guide block 621. The uppermost
end of each of the interposer arms 633 has an extension
formed thereon which is adapted to be selectively engaged
by armature 637 of a corresponding one of a plurality
of electrically actuated solenoids, indicated generally as
638, which are each supported by bracket 639 attached
to side frames 618.

In order to initiate a punching operation, selected ones
of the solenoids 638 are simultaneously energized, so that
the respective ones of the armatures 637 are each de-
flected to the right and thereby engages the projection
of the related one of the interposer arms 635. As a
result of the simultancous engagements, selected ones of
the interposers 633 are simultaneously deflected to the
left, from the position shown, and thereby present ob-
structions in the paths of travel of the rightmost ends
of corresponding ones of the punch levers 629. Due to
the engagement with interposer 633, the respective punch
lever pivots about that particular interposer, instead of
pivoting about punch 623, as previously described. Thus,
corresponding ones of punches 623 are thercby simulta-
neously defiected downwardly to perforate a digit repre-
sentation in the tape 628. Thereafter, the punches are
returned to their normal positions due to the urgency of
the springs 626 acting through the levers 624. However,
in order to positively insure punches 623 being restored
to their normal positions, the leftmost end of each of
the punch restoring levers is engaged by the leftmost end
of a corresponding one of punch levers 37, during trans-
lation thereof, and is thereby urged counter-clockwise to
positively restore its corresponding punch to its normal
position.

Located adjacent the front of interposer arms 635 is
an interposer restoring cam 640, which is continually
rotated in a clockwise direction in synchronism with the
eccentric 639. The cam 640 is initially rotatably posi-
tioned with respect to the eccentric 630 in such a way
that at approximately 135 degrees of each revolution of
the eccentric 630, the cam 640 engages the lowermost
ends of those interposer arms 635 which have been de-
flected forwardly by their respective solenoids, and thus
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simultaneously restores each interposer arm 635 and its
related armature 637 and interposer 633 to their normal
positions. Located adjacent the rear of the guide comb
block 634 is a permancnt magnet 641, which exerls a
sufficient magnetic attraction to interposers 633 to not-
mally maintain each in an inefTective position, the attrac-
tion, however, being insufficient to interferc with the
shifting of the interposer arms 635 by the corresponding
armatures of solenoids 638.

Suitable driving means arve provided for intermittently
advancing the paper tape 628 by one unit of distance only
during that period between approximately 238 to 300
degrees of revolution of the eccentric 630; i.e., after cach
digital punching operation is completed.  As shown, the
paper tape 628 is fed from a supply reel 642 through the
punching station and subsequently stored on a takeun
recl 643, Such feeding means comprises & ratchet wheel
644 attached to a feed line 645, which i3 rotatably sup-
ported by the side {rames 6i8. Also mounied on feed
line 43, adjacent sprocket wheel 644, is a second sprocket
wheel, not shown, having a series of sprocket teeth formed
on the periphery thereof for engaging correspoading
sprocket holes punched in the paper tape. Also mounted
on the end of feed line 645 is a manually opcrable knob,
not shown, which provides manual contrel of the feed
line.

The mechanism for advancing the ratchet wheel 634,
to provide a paper-feeding operation, includes a pawl 648
pivotaily supported on a stud 646 and disposed within a
slot, not shown, longitudinally formed in the lowermost
end of a shaft 647. The uppermost ead of the shaft 647
is pinned to the lowermost end of a paper feed arm §43
rotatably mounted on the eccentric 624. The shaft 647
is slidably disposed in support 675 and guide 876 in such
2 manner that elliptical translational movement of paper
feed arm 648 by cccentric 639 is transmitted to shaft 547
to effect vertical oscillating movement thereof. The ver-
tical oscillations of the shaft 647, of course, osciilute the
pawl 643 in a similar manner. The pawl 645 is normally
spring urged in a counter-clockwise direction, as shown,
into engagement with the tecth of ratchet wheel 644 by
means of spring 677 connected to an extension thereof.
However, in order to insure positive engagement of nawl
645 with the teeth of ratchet wheel 644, the rightmost
edge of the upper end of pawl 645 is engaged by a cam
678, in such a manner that, whon the cara 678 Is rotated,
the pawi 643 is thereby positively deflected to the left and
into engagement with the ratchet wheel teeth.

At the begianing of a punching operation during which
the eccentric 638 is rotated from 0 to 180 degrees, the
shaft 647 is deflected downwardly and thereby withdraws
the pawl 643 from engagement with the ratchet wheel 644,
As the pawl 645 continues its downward movement, the
spring €77 pivots the pawl 643 counter-clockwise and
thus positions the pawl beneath the next lower ratchet
tooth. On the upstroke of shaft 647, ratchet wheel 644
is indexed counter-clockwise, and thus the paper tope i3
advanced by one unit of distance. As just mentioned,
pawl 645 is additionally positively deilected into engage-
ment with the ratchet whee! 644 by means of cam 678,
thus assuring a proper feeding operation.

7. Magnetic Ledger Card Handling Portion of Computer

With reference back to FIG. 1, 2 magnetic lfedger card
handling mechanism, indicated generally as 14, is mounted
on the rightmost side of the just-described accounting ma-
chine portien of the computer, and is adapted to cooperate
with the accounting machine to automatically effect in-
sertion of ledger cards in the curriage thereof and to
automatically effect ciection of the ledger cards when
the carriage is within approximately two inches of its
extreme right-hand position, as shown. The card handling
mechanism is normally enclosed by a front cover 231,
which supports a smooth surflaced and horizontally dis-
posed table 232, onto which ledger cards arc sequentially
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placed prior to their insertion into the accounting ma-
chine curriage.

With refercnce to FIG. 14, there is shown a front view
of the card hand!ing mechanism with cover 231 and table
The micchanism comprises a vertically dis-
posed left side-plate 233, a vertically disposed wight side
plate 234, a vertically disposed back side-plate 233, a
vertically disposed front side-plate 236, ond a diagonally
disposed bottom side-plate 237, all of which are con-
nected together by suitable means, not shown, to form
the busic support structure for the mechanism. The lefi-
most cird of bottom side-plate 237 is aflixed to the lower-
most end of left side-plate 223 by suitable means, not
shown, side-plate 233 being afiixed to the rightmost bot-
tem side of the accounting machine frame €5 by means
of bolts 228 threaded therein. The leftmoest side of back
side-plate 235 is aflixed 1o the right-hand cxtension of a
rail 248, which normally supports the rearward portion
of the accounting machine carrioge, by means of screws
232 threaded in the rail 246, A platen 241 is
in the uppermost ends of side-plates 233 and 234, and
iz also journaled in hubs 242 and 243, which are respec-
tively welded or otherwise affixed to side-plates 233 and
234, The plaien 241 is substantially identical in construc-
tion to conventi accounting machine platens and com-
prises essentially a centrally disposed metallic hub 244
ing froma cither ends thereof. The hub 244 sup-
ports a metallic tube, not shown, which is provided with
a layer of rubber, or the like, facing material 245 con-
centrically disposed thereabout,

Mcans are provided to effect the desired automatic
retational movement of the card handling platen 241 in
order that the ledger cards, which are previously in coa-
tact with the uppermest surface thercof, are driven there-
by into operniive engagement with the accounting ma-
chine platen.  Such means essentially comprises an elec-
tricufly-operated card driving motor (CDM) which is
mounted on the innermost surface of side-plate 234 by
menns of screws 247 threaded in the end bracket of the
cerd drive motor, as shown in the fragmeniary view of
FIG. 31. The output shaft 248 of motor (CDM) ex-
tends through bracket 234 and is rotatubly supported at
its cxtended end by mounting bracket 249, which is fixedly
secured in a spaced parallel relationship with respect to
bracket 234 by means of posts 259 interposed therebe-
tween., QOne end of each of the posts 252 is welded or
otherwise affixed to bracket 234, whercas the opposite
ends therecf are fixedly secured to plate 249 by means
of screws 251 individually threaded therein. Freely
mounted on thc motor shafi 248 are a pinion gear 252
and a conventional friction clutch mechanism, indicated
generally as 233, which comprises a pair of metallic
washers having a fiber washer interposed therebetwecn
and glued or otherwise affixed to the innermost face of
one of the metallic washers. A knurled friction-adjust-
ment knob 254 is threaded on the motor shaft 248 inter-
mediate friction cluich 253 and plate 242, Thus, by ro-
tational adjustment of the knob 254, a predetermiuned
amount of torque is transmiited from the motor shaft 248
to the pivion gear 252 in a well-known manner. With
additional reference to FIG. 31, the pinion gear 252
meshes with an idler gear 255, which, in turn, meshes with
a spur gear 256 affixed to one end of shaft extension 237
by means of set screw 238 threaded in gear 256. With
reference to FIG. 21, the opposite end of the shaft ex-
tension 257 is connected fo the hub 244 of the platen 241
by means of a sot screw 259 in the hub 244,

Therefore, it is evident that rotational movement of a
predetermined torque is imparted to the card drive platen
241 by the card drive motor (CDM) through a friction
clutch mechanism and a gear train interposed therebe-
tween. Howsver, for reasons to become more apparent
hereinafter, it is desirable that rotational movement of
the card drive platen 241 be immediately arrested at
predetetermined  times. Censcquently, a  fastacting
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electrically-operated card drive = means has been
previded and comprises a braking solenoid, indicated gen-
erally by the reference character (CDB), which is at-
tached to the ocutermost surface of the side plate 234
directly opposite the idler gear 255, by suitable means
not shown. The idler gear 255 is freely mounted on a
lengitudinally movable armatnre shaft 263 in cuch a man-
ner that when selencid (CDE) is de-energized, the card
drive motor (CDM) is permitted to rotate the platen 245t
in a normal manner. However, when the solenaid
(CDB) is energized, the idler gear 235 is pulled inwardly,
or to the left as viewed, and thercby locked against fur-
ther rotational movement. Due (o the normal action of
the friction clutch 233, any and all undesirable effects
created by rotor inertia of moter (CDM) zre precluded
when platen 241 is suddenly brought to a standstiil cven
though the motor is momentarily energized after the brak-
ing aclicn cccurs.

As shown in FIG. 1, the traveling paper carriage, for
the before-described accounting machine, consists of a
framewerk which includes a pair of end housings 264%.
With reference to FIG. 17, the end housings 264, only
one of which is shown, are supperted in a spaced and
parallel relationship with respect to each other by means
of an G8-shaped cross-bar 265, zn L-shaped cross-bar
266, and a C-shaped carriage rack rail 267, to which both
of the end housings are secured by suitable means, not
shown. The cross-bars 268 and 266 are ficedly sccured
directly to the end housings 264, whereas the rack rail
267 is fixedly secured at ecither end thereof to a bracket
268 by suitable means, not shown, the bracket 268 being
bonded to a rubber block 269, which, in turn, is bonded
to a sccond bracket, 270 sccured fo end howsing 264 by
means of screws 271 threaded therein,

The thus-constituted carriage frame is supported for
transverse sliding movement on the accounting machine
frame by micans of a tube 272 secured to the under side
of the cross-bur 268 by suitable connecting embers 273.
The tube 272 rides in and is horizontally supported by
a scries of grooved buil-bearing rollers 274, which are
rotatably secured to the back-rail 240.  Vertical and side-
wise movement of tube 272 is prevented by means of a
plurality of conically-shaped ball-bearing rollers, not
shown, which are mounted on either side of and in en-
gagement with the tube 272. The forward portion of the
carriage is supported by mezans of ball-bearing rollers 275,
which are received within a grooved formed in the cross-
bar 267. The roliers 275, in addition to being rotatably
supported by a vertically disposed frame-plate on the
accounting machine, not shown, are also rotatably sup-
ported on the front side-plzte 236, Ths accounting ma-
chine carriage is yieldably driven in either direction by
suitable fluid driving means (including motor 63, FIG.
3A), operatively connected to a driving gear 277, which
engages a carriage-drive pinicn rack 276 fixedly secured
to the cross-bar 265.

With additional reference to FIG. 23, a substantially
V-shaped guide-plate 278 is fixedly secured to the inner-
most side of each of the end housings 264 and has formed
therein an elongated slot 279, in which rides a pin 280
affixed to an end-plate 281. A rectangularly-shaped front
feed chute 282 extends the full width of the carriage
and is secured at either end therecf io both of the end-
plates 28i. On the lowermest side of the accounting
machine carriage, there is rotatably supported a square
shaft 283 (FLG. 17) and a bail 284, each operatively con-
nected togother and operatively connected to the Jower-
most end of the side-plates 281 in such a menner that
when the carriage open key (“CARR. OPEN,” FIG. 2)
is depressed, rail 284 is deflected counter-clockwise, as
viewed. Consequently, arm 285 (FIG. 16), and hence
shaft 283, are both freed ic be rocked counter-clockwise
and thereby allow the lowermost ends of the side-plates
281 to be deflected downwardly and around the account-
ing machine platen 74. ‘When the shaft 283 is rocked
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counter-clockwise (FIG. 17), lower compression rolls
288, carried thereby, are moved out of engagement with
the platen 71. Due to the positional locations of the
slots 279 in the side-plates 278 and pins 286 riding therein,
when the lowermost ends of the side-plates 281 are de-
flected downwardly and arcund the platen 71, the front
feed chute 282 is lowered into the position shown in FIG.
18, thereby completing normal opening of the accounting
machine carriage in the manner more fully shown and
described in the before-referred-to Patent No. 2,626,749.
When the accounting machine carriage is open and the
card-drive mechanizm latched in a driving position, as
will Iater be described, a suitable ledger card is permitted
to be driven downwardly to the left of chute 282, as
viewed, between paper guide plate 289 and the bottom
side of platen 71, and into paper guide channel 281
Thereafter, closing of the carriage engapges the compres-
sion rolls 288 with the platen 71 to secure the ledger
card prior to the unlatching of the card-drive mechanism,
as, again, will later be described.

In accordance with the present iuvention, an elongated
housing 292, extending substantially the full length of the
carriage, as shown in FIG. 1, is pivotally mounted at
either end thereof to the topmost side of the side-plates
281 by means of a pivot 223, the housing 292 having
affixed at either end thereof brackets 298 shown in FIG.
20, A second pin 284 is affixed to each of the brackets
290 and rides in a second elongated slot 295, which is
formed in each of the side-plates 278 just above the slot
279, as shown more clearly in FIG. 20. A plurality of
compression tolls 296 are rotatably supportad by brackets
297 affixed to a shaft 298, which is operatively supported
by the housing 292. The compression rolls 296 project
throngh suitable openings formed in the front face of the
housing 282, as more clearly seen in FIG. 1.

During the just-described carriage opening operation
when the lower end of each of brackets 281 is deflected
in a path down and around platen 71, bracket pin 280
and housing pin 294, respectively riding in slots 279 and
295, separate from the other. Thercfore, when front
chute 282 is in the position shown in FIG. 18, housing
292 is silted by a further amount, and, conseguently,
compression rolls 296 are positioned in clese proximity
to card-handling platen 241, the relative positions of pins
289 and 294 being shown in FIG. 20 in their moved posi-
tions by dotted lines. With reference to FIG. 19, the
amount of tilt of housing 292 is limited by a pair of arms
299, each cennected at opposite ends of, and projecting
through, housing 292 as shown. The depending end of
each of arms 299 respeciively support a stud 308. Thus,
when housing 292 is in the position shown in FIG. 18,
stud 300 engages the large diameter portion of one of a
pair of cams 301 which are rotatable about shaft 257
and are disposed at either end of platen 241 as shown in
FIG. 14, When cams 3¢1 are simultaneously rotatcd
counter-clockwise, as viewed and by suitable means to
be described hereinafter, both of studs 300 are engaged
thereby to further tilt housing 292 in a counter-clockwise
direction and thereafter latch all of compression rolis 296
firmly against platen 241 as illustrated in FIG. 19. It
is therefore obvious that as long as compression rolls
296 are latched against card-drive platen 241, paper guide
282292 is prevented from being raised to the position
shown in FIG. 20.

Therefore, when compression rolls 296 are latched
against card-drive platen 241, card-drive motor (CDM)
(FIG. 14) is energized and platen 241 is thereby rotated
in a clockwise direction, as viewed in FIG. 19, the front
edge of a ledger card, indicated as reference numeral 365
and normally resting on table 232 as shown in FIG. 22,
is automatically driven between the lowermost side of
front feed chute 282 and the uppermost sides of paper
guides 302 and 33, thence between the lowsrmost side
of platen 71 and the uppermost side of paper-guide 289
(FIG. 17), and thereafter into chute 291.
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By reversing card drive motor (CDM) and driving the
ledger card outwardly to a predetermined position, bail
284 is rotated clockwise the:2by positively driving com-
pression rolls 288 into engagement with platen 71 by suit-
‘able means not shown. Unlatching of upper compressien
rollers 296 allows paper-guide 282—292 to raise to the
position shown in FIG. 17. Consequenily the ledger card
is automatically positioned by paper guide strips 392 for
a subsequent posting operation.

With reference to FIGS. 14 and 16, means for selec-
tively rotating latching cams 391 comprises an electrically-
operated motor (PGM) mounted on vertically disposed
bracket 310 by screws 311 threaded in the end housing
of the motor, bracket 31, in turn, being secured to front
side-plate 236 by means of screws 312 threaded in bracket
310. The ocutput shaft of motor (PGM) projects through
bracket 310 and has affixed thereto spur gear 313 in
mesh with a second spur gear 314, Gear 314 is fixedly
secured to a hollow shaft 315 rotatably mounted on shaft
316 which is journaled in bracket 318 and right side-
plate 234. A second hollow shaft 317 is also rotatably
mounted on shaft 316 and has spur gear 318 affixed on
the end thereof adjacent side-plate 234. Gear 318
meshes with the rightmost one of spur gears 319 affixed
to either end of shaft 329 which is journaled in side-
plates 233 and 234 and disposed parallel with respect to
platen 241, Gears 319 individually mesh with one of
spur gears 321 which are rotatably mounted on a projec-
tion of each of side-plates 233 and 234, as illustrated in
FIG. 21, with respect to side-plate 234,

Fach of spur gears 321 is fiscdly secured to one of
cams 381, by suitable mecans not shown, each of which
is individually rotatably supported by the projection of
one of side-plates 233 and 234, As shown in FIG. 14,
a coil spring 324 surrounds oppositely disposed end por-
tions of hollow shafts 315 and 317 and either end thereof
is affixed to shafts 315 and 317 by means of screws 322
and 323, respectively, threaded therein.

Therefore, it is scen that rotational movement of the
rotor of latching motor (PGM) is iransmitied to both of
Iatching cams 301 by way of gears 313, 314, spring 324,
and gears 318, 319, and 321. As latching cams 381 are
positively stopped by latching pins 389, as previously de-
scribed in connection with FIG. 19, adverse effects of
rotor inertia of the latching motcr are eliminated by spring
324 even though the motor may momentarily be energized
after the latching operation is completed.

wWith reference to FIG. 16, contrcl means have been
provided for selectively energizing the laiching motor to
effect the previously described latching and unlatching
operation of the compression rollers with the card drive
platen. The control means consist essentially of an
L-shaped bracket 327 fixedly secured at one end to front
side-plate 236 by means of screws 328 threaded in bracket
327. A substantially V-shaped member 329 is pivotally
mounted at its center to the opposite end of bracket 327
by means of pin 33% and is spring-urged in a clockwise
direction, as viewed, by means of spring 331. The left-
most leg of member 329 is in contact with lever arm 332
which actuates the plunger of microswitch 333 affixed to
the frame of the card handling equipment, by suitable
means not shown,

Thus, during a normal carriage opening operation of
the zccounting machine, as previously described, paper
guide housing 292, in reaching the position shown in FIG.
18, rocks member 329 in a counter-clockwise direction,
as viewed. When deflected counter-clockwise, member
329 releases the plunger of switch 333 to thereby permit
energization of the paper guide motor (PGM, FIG. 14)
and thus initiates counter-clockwise rotation of cams 301
to complete the latching operation as previously described.

Additional commutator type of control means have
been provided to effect selective de-energization of the
paper guide motor upen completion of the latching opera-
tion. With additional reference to FIG. 14, such control
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means consist essentially of a flat C-shaped electrically
non-conductive support member 334 concentrically dis-
posed about hollow shaft 317 and supporicd by side-plaie
234 by mesans of posts 335 interposed therebetween and
respectively connected thereto by suitable means, not
shown. Affixed to the inside face of member 334 are
four circumferentially disposed flexible metallic brushes
336, N, E, and 339 which are adapted to engage the face
surface of commutator 349 concentrically disposed about,
and affixed to hollow shaft 317.  As shown in FIGS. 28A
and 28B, the face of commutotor 346 consists of a Iayer
of electrically non-conductive matcrial designated 341 hav-
ing embedded therein a C-shaped electrically-conductive
commutator bar 342.

When paper guide 282—292 is in the position as shown
in FIG. 18 and compression rolls 296 are adjacent to, but
not latched against, card drive platen 241, brushes 339
and E are electrically connected together by commutator
bar 342, as shown in FIG. 28B. However, when paper
guide moter PGM is energized, cam 301 (FIG, 19) is
rotated counter-clockwise to complete the latching oper-
ation as previously described. When the latching opera-
tion is completed, cemmunator 340, thence comrautator
bar 342, will have been rotated counter-clockwise to the

position as shown in FIG. 28A, and, as a result, brushes 2

N and 336 are electrically connected together by com-
mutator bar 342 to effect de-energization of the paper
guide motor in a manner to be more fully described here-
inafter. With reference to FIG. 14, solenoid actuated
reversing relays, designated by the reference characters
(PGR) and (CDR), are each mounted on bracket 342
affixed to lower end-bracket 237, and are respectively
utilized to control the directions of rotation of paper
guide motor (PGM) and card drive motor (CDM), as
will later be described.

As previously mentioned, in the mechanization of rec-
ord keeping and accounting procedures, it is desirable to
utilize a ledger card having historical, current, and fixed
data recorded thereon in both machine readable and hu-
man readable languages. With reference to FIG. 108A,
there is illustrated a machine-readable ledger card 305
which is adapted to be utilized in accordance with the pres-
ent invention. Accordingly, ledger card 365 is provided
with a vertical strip of ferromagnetic material 306 coated
along the left margin of the face surface thereof, the mag-
netic strip being effectively divided into three magnet-
ically isolated vertical channels which are each adapted
for selective recording of information therein.

With reference to FIG. 19, a magnetic read-write as-

sembly, indicated generally as 343, is supported by bracket !

344 affixed to left side-plate 233 of the card handling
mechanism and is so positioned that the magnetic strip on
each ledger card passes over the top thereof each time
a card is fed into or out of the accounting machine car-
riage. A metallic leaf spring 345 is interposed between
paper guide 282 and the top of read-write assembly 343
in such a manner that each ledger card is guided there-
under, and, consequently, the magnetic strip on each
ledger card is, at all times, lightly pressed against the top
face of assembly 343 to insure consistent magnetic re-
cording and reproduction characteristics, and for other
well-known reasons.

As shown in FIG. 36, magnetic read-write assembly
343 comprises three encapsulated read-write heads 346,
347, and 348, which are equally-spaced from and disposed
parallel with respect to one another. As shown in FIG.
33, each magnetic head comprises two substantially flat
and generally C-shaped ferromagnetic pole pieces 349
and 350 having their lower legs abutting and their upper
legs separated by a uniform air gap of approximately
.005 inch. Each leg is respectively encompassed by one
of a pair of serially-connected and inductively-aiding coils
351 and 352, each wound with approximately 600 turns
of suitably electrically-insulated wire. The junction of
coils 351 and 352 is connected to output terminal 353,
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whereas the remaining ends thereof are respectively con-
nected to output terminals 354 and 355.

The air-gaps of magnetic read-write heads 346-348
are lengthwise aligned with the other, are properly posi-
tioned as shown in FIG. 19 so as to be contiguously dis-
posed with respect to the magnetic strip of the ledger card
passing thereover, and are lengthwise oriented substan-
tially perpendicular with respect to the travel of the mag-
netic strip to effect longitudinal magnetic recording there-
on.

In order to insure that the ledger card is properly
aligned and fed into the card handling equipment by the
operator, various photoelectric sensing means are incor-
porated into the control circuitry thereof. With refer-
ence to FIG. 22, a substantially rectangular-shaped ledger
card guide assembly, indicated generally as 360, is affixed
to the topmost surface of table 232, by suitable bolts 361
threaded therein, and extends substantially along the left-
most side thereof. As shown more clearly in the cross-
sectional view of FIG. 23, guide assembly 360 comprises
a pair of flat and rectangular-shaped plate sections 362
and 363, one mounted on top of the other, and a pair of
flat and rectangular-shaped half-plate sections 364 and
365 disposed side-by-side with respect to one another and
on the underneath side of plate 363; the thickness of plate
365 is less than the thickness of plate 364 by an amount
equal to at least the thickness of a ledger card for reasons
to become more apparent hereinafter. With reference
to FIG. 29, plates 362 and 363 have suitable bores formed
therein which form enclosures for housing photocells
(PCA1) and (PCA2) whose sensitive areas are oriented
downwardly and are properly positioned so as to respec-
tively receive radiant energy from light sources 366 and
367, the radiant energy first passing through slots 368 and
369 formed in table 232.

In operation, photocells (PCA1) and (PCA2) normal-
ly respectively receive radiant energy from, and are there-
by energized by light sources 366 and 3567. However,
when the operator of the computer desires to effect proper
insertion of a ledger card in the carriage of the account-
ing machine, in a manner previously described, the ledger
card is first placed on the table of the card handling equip-
ment, face down and bottom first as shown in FIG. 22.
The ledger card then is inserted in the slot formed be-
tween the lowermost side of plate 365 and the topmost
side of table 232, as shown by the dotted line in FIG. 23,
until the leftmost vertical edge of the ledger card is ori-
ented flush against the front face of plate 364. At this
time, the radiant energy as seen by each of photocells
(PCA1) and (PCA2), is cut-off, and, consequently, both
of the photocells are thereby de-energized. Photocells
(PCA1) and (PCA2) are connected in an electrical con-
trol circuit in such a manner, as will later be described,
that when they are both de-cnergized, paper guide motor
(PGM FIG. 14) is permitted to thereafter be de-ener-
gized.

Additional photeoelectric means is utilized to initiate
energization of the paper-guide motor when the leading
or bottom edge of the ledger card has been placed in a
certain prescribed position with respect to card-drive
platen 241 after certain other prescribed conditions, not
yet described, have been met. As shown in FIG. 22, a
groove 376 is circumferentially formed in platen 241 and
in this groove is mounted an inverted and substantially
V-shaped acrylic and transparent plastic rod having inde-
pendent and disconnected leg portions 371 and 372, as
shown in FIG. 17. A light source 373 is mounted on
bracket 236 and is disposed at the lowermost end of leg
portion 371, whereas, a photoelectric cell (PCS) is also
mounted on bracket 236 with the light-sensitive area
thercof disposed adjacent the lowermost end of leg por-
tion 372.

Photoelectric cell (PCB)} is normally de-energized,
however, when the leading edge portion of the Jedger card
is positioned by the operator on top of the card-drive
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platen 241 adjacent the upper junction of leg portions 371
and 372, radiant encrgy from light source 373 is first
projected upwardly through i=g portion 371 and out of the
uppermost end thereof. Thereafier, the radiant encrgy
is reflected downwardly by the leading edge portion of the
ledger card through leg portion 372, and, consequently,
impinges the active arca of, and thus energizes photocell
(PCB). When photocell (PCB) is energized, assuming
the before-mentioned prescribed conditions are met, paper
guide motor (PGM) is encrgized and thereby rotates
latching cams 301 (FIG. 19) in a counter-clockwise direc-
tion, as previously described, to latch upper compression
rolls 296 against card drive platen 241 with the leading
edge of the ledger card fixedly secured therebetween.

After the lapse of a time delay of approximately one-
quarter of a second following energization of paper guide
motor (PGM), card drive motor CDM (FIG. 14) is
thereafter energized and thereby rotates the card drive
platen to automatically feed the ledger card into the ac-
counting machine carriage in such a munner that the
magnetic strip thereof is passed over read-wrile heads
346-348 (FIG. 19), thereby cffectively establishing three
information channels in the magnetic strip which are dis-
posed parallel with respect to one another and extend
substantially the entire length of the left margin of the
ledger card.

Photoelectric means are also utilized to sclectively ener-
gize suitable electronic amplifiers associated with each
of magnetic pick-up heads 346-348 at a predetermined
time substantially coincidental with the first passage of
the leading edge of the ledger card over the read-write
assembly. Accordingly, leg portion 371 is provided with
a branch leg portion 374 through which radiant energy
from light source 373 is directed. A slot 375 is formed
in paper guide 303 and a photoelectric cell, designated
(PCC), is mounted at the side of, and in substantially
parallel alignment with respect to branch portion 374,
the light-sensitive area thereof being oriented substan-
tially co-planar with the uppermost end of leg portion 374.

In operation, photocell (PCC) is normally de-energized.
However, when the leading edge of the ledger card is
adjacent slot 375 in paper guide 303, the radiant energy
from light source 373 s first directed upwardly
through leg portion 374 and out of the uppermost end
thereof through slot 375. Thereafter, the radiant energy
is reflected by the leading edge portion of the ledger card
and thereby projected downwardly and onto the sensi-
tive area of photocell (PCC) to effect the desired energi-
zation of the amplifiers associated with pick-up leads
346-348.

Photocell (PCB) is also utilized to detect the time at
which the ledger card has been driven to a predetermined
position in the card handling equipment and to initiate,
at that time, reversal of the card-drive motor to effect
ejection of the ledger card or o effect positioning of the
card in the accounting machine carriage, depending upon
the “instructions” previously given to the computer as
will later be seen. For these purposes, as seen in FIG.
22, ledger card 305 is provided with a dark area or “re-
versal spot” 376 which is located in the top margin thereof
in alignment with photocell (PCB). Consequently, when
reversal spot 376 is adjacent the junction of arms 371
and 372, radiant energy from light source 373 is absorbed
by the dark area thereof and photocell (PCB) is thus de-
energized to initiate the desired reversal of the card-drive
motor.

8. Electromechanical Control Means

As will fully be described hereinafter, various contrel
means are utilized by the computer to allow automatic
insertion of a ledger card into the accounting machine
carriage only when the carriage is resting approximately
two inches from its maximum right-hand position, as
shown in FIGURE 1; this position will be referred to
hereinafter as the “home” position of the carriage. As
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it is nccessary that the accounting machine carriage re-
main in home position during operation of the card han-
dling equipment, locking mcans are utilized to selectively
lock and unlock the carriage while in home position.

With reference to FIG. 29, an L-shaped bracket 380
is welded or otherwise secured to back side-plate 235 and
pivotally supports cam 381 at the lowermost end thereof
by means of pin connection 382, Connecting rod 383 is
slidably mounted in a bore formed in bracket 38¢ and
plate 235, and is pivotally connected at one end thereof
to the upper leftmost portion of cam 381 by means of
pin connection 384, Spring 385, disposed about rod 383,
is interposed between collar 386 affixed to rod 383 and
bracket 380, thus spring-biasing rod 383 to the left as
viewed. The remaining end of rod 383 is pivotally con-
nected to the lowermost end of latch 387 by means of pin
connection 388, the uppermost end of cam 387 being
pivotally connected to bracket 389 by means of pin con-
nection 390, Bracket 389 is fixedly secured to plate 391
which, in turn, is fixedly secured to plate 236 by means
of screws 392 threaded therein. Fastened to bracket 391
by means of nuts 393, is an electrically-actuated rotary
type solenoid (CHP) which is substantially identical in
construction as the solenoid designated L46 which was
previously described with respect to FIG. 9. A cylin-
drical-shaped plunger housing 395 is fixedly secured to
bracket 391 by means of screws 386 threaded in the side
of housing 395. As shown more clearly in FIG. 30, slid-~
ably mounted in the bore formed in housing 395 is a
rod-shaped plunger 397 which is spring-biased upwardly,
as viewed, by mecans of spring 398 disposed thereabout
and interposed between the shoulder formed on the upper
end thereof and the bottom of the bore formed in housing
395. Threaded on the end of plunger 397 is a truncated
conical member 399 which is norinally engaged by pro-
jection 460 formed on the lowermost end of latch 387.

Thus, when the accounting machine carriage is in home
position and a carriage opening operation is initiated by
counter-clockwise rotation of bail 284, as previously de-
scribed, cam 381 is engaged by bail 284 and is rocked
clockwise thereby. Clockwise rotation of cam 381 shifts
connecting-rod 383 laterally to the right and thereby dis-
engages latch projection 406 from member 399, and thus
permits spring 398 to deflect plunger 397 upwardly into
engagement with the teeth formed on the lowermost side
of carriage rack rail 267, thereby locking the accounting
machine carriage in home position. When it is desired
to selectively unlock the machine carriage, solenoid
(CHP) is selectively energized and consequently an off-
set pin 404, carried by the rotary armature thereof,
engages member 399 and deflects plunger 397 downward-
ly to a point where it is again latched by latch projection
400. After solenoid (CHP) is de-energized, plunger 397
remains latched in its downwardly deflected posiiion, if
bail 284 has previously been restored to the position
shown in FIG. 29, until another carriage opening opera-
tion is initiated.

As previously mentioned with respect to FIG. 2, upper,
middle and lower motor-bars 23, 27 and 28, respectively,
are enclosed by cover 35 and are thereby rendered non-
accessible to the operator of the machine. With refer-
ence to FIG. 38 there is shown a side-elevational view
of the motor-bars along with a portion of the cycle-ini-
tiating mechanism associated therewith. FIG. 38 essen-
tially corresponds to FIG. 119 of the before referred-to
Patent 2,626,749, and, as a full and complete description
of each of the various motor-bar mechanisms is available
therein, a further detailed description thereof is not
deemed essential for a full and complete understanding
and appreciation of the present invention.

However, in accordance with the present invention,
key stems 401 thru 403 of motor-bars 23, 27, and 28,
respectively, are respectively operated by the rotary arma-
ture of electrically-actuated solenoids (MBg), (MB1),
and (MB2) by means of linkages 407 thru 409, respec-
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tively connected therebetween and extending through suit-
able openings in base 65 of the accounting machine.
Solenoids (MBg¢), (MBI), and (MB2) are each affixed
to bracket 410 which is bolted to the underneath side of
base 65 and are essentially of identical construction as
the previously described rotary-type solenoid (L46) shown
in FIG. 9. Thus, it is evident that by selectively ener-
gizing one of the motor-bar solenoids for a predetermined
time, the corresponding motor-bar is automatically de-
pressed for a corresponding predetermined time and there-
by initiates either a “touch” or a “hold” operation which,
in turn, selects a predetermined cycle of operation of the
accounting machine, as previously described.

With reference to FIG. 35, a pair of rotary-type elec-
trically-actuated solenoids (OH1) and (OH2), substan-
tially of identical construction as those previously de-
scribed, are each mounted on one of brackets 417 and
418 by means of nuts 419 and 420, respectively; brackets
417 and 418, in turn, are secured to sujtable flanges,
depending from the underneath side of frame 52, by
means of screws 421 and 422, respectively threaded there-
in. As shown more clearly in FIGS. 32 and 34, the
rotatable armatures of solenoids (GH1) and (OH2) are
individually provided with a projecting leg 424 and 423,
respectively, which as shown in FIG. 35, are adapied to
respectively engage the tails of the eighth and the eleventh
ones of order-hooks 76, counting from right to left. As
previously described, the eighth and eleventh order-ncoks,
respectively control the operation of the eighth and the
eleventh ones of type sectors 67 which respectively print
the sixth and ninth-order digits of the amount row, with
each digit printed being followed by a comma.

Thus, by selective encrgization of solenoid (OH1), the
armature thereof is rotated counter-clockwise, as viewed
in FIG. 32, to unlatch all order-hooks, from the third to
and including the eighth one, from their respective type-
sectors. Likewise, by selective energization of solenoid
(OH2), the armature thereof is rotated counter-clockwise,
as viewed in FIG. 34, to unlatch all order-hooks, from the
third to and including the eleventh one, from their respec-
tive type-sectors.

As previously described in connection with FIGS. 16
and 17, during a carriage opening operation, square shaft
283 is normally rocked counter-clockwise by arm 285
and thus effects the disengagement of lowermost com-
pression rolls 288 from the accounting machine platen 71.
However, for reasons to become more apparent herein-
after, means have been provided for selectively prevent-
ing the lower compression rolls from being disengaged
from the platen. As shown in FIG. 16, a rotary-type
electrically-actuated solenoid (X), of substantially iden-
tical construction as those previously described, is mount-
ed on an L-shaped bracket 426 by means of nuts 427,
bracket 426, in turn, being fixedly secured to back side-
plate 235 by means of screws 428 threadcd in bracket
426. An S-shaped bracket 429 is fixedly secured to back
side-plate 235 by means of screws 430 threaded in the
foot of bracket 429. As shown in FIG. 13, bracket 429
slidably supports a rectangular-shaped slide 431 by means
of studs 432 extending through elongated slots formed in
slide 431 and affixed to bracket 429. Slide 431 is nor-
mally spring-biased to the right, as viewed, by means of
spring 438 connected between pin 433 carried by slide
431 and block 434 welded or otherwise secured to plate
435 of the machine frame.

When slide 431 is in its normal position, as shown in
FIG. 15, a projection on the uppermost side of the right-
most end thereof is directly underneath a projection
formed on arm 288§, as further shown in FIG. 16. Con-
sequently, counter-clockwise rotation of arm 285 is there-
by prevented and thus the lower compression rolls are
maintained in engagement with platen 71. However,
when solenoid (X) is selectively energized, pin 436, car-
ried by the rotatable armature thereof, engages flange
437 formed on the lowermost side of the left end of slide
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431 opposite arm 285, as viewed in FIG. 15, and thus
deflects slide 431 to the left and thereby removes the
obstruction from beneath arm 285 to permit the arm to
be rocked counter-clockwise when desired. When solen-
oid (X) is de-energized, spring 438 urges slide 431 back
toward its home position as shown.

In the just-described accounting machine, it is possible
to take a true negative total from any one of the totalizers
numbered “one” through “nine” inclusive, due to the in-
corporation therein of an overdraft control mechanism.
By the use of this mechanism, the machine is caused to
automatically operate through two cycles of operation.
On the first machine cycle, the negative amount, which at
this time is in a complementary form, is taken from the
selected totalizer and is subtracted from the cleared X-to-
talizer, thereby causing the true negative total to be set
up on the wheels of the latter totalizer. During the sec-
ond machine cycle, the total is taken from the X-totalizer
and the selected totalizer is “non-added,” thereby causing
the absolute value of the negative total or credit balance
to be printed-out. Hence, at the end of the overdraft
operation, the sclected totalizer is cleared, as is also the
X-totalizer, and the absolute value of the credit balance
is printed on the record material. If desired, a sub-total
of the negative amount may be taken instead of the total,
thereby leaving the selected totalizer in the same condi-
tion at the end of the overdraft operation, as it was at
the beginning.

Therefore, when it is desired to take a total or a sub-
total from one of the totalizers and overdraft indicators
34 (FIG. 2) visually indicate that the number held by
the particular totalizer is a negative amount, in addition
to depressing the proper totalizer-selecting key and the
credit balance key, the total key pertaining to the partic-
ular totalizer involved must also be depressed. If a sub-
total operation is desired, the sub-total key must be
depressed in addition to the previously-mentioned keys,
s0 as to cause the negative amount to be placed back into
the totalizer. Thereafter, the proper motor-bar is de-
pressed so as to put the machine through a two-cycle
credit balance operation and thus cause the absolute value
of the negative amount to be printed-out.

With reference to FIG. 37, there is shown a fragmen-
tary view of a portion of the overdraft control mechanism
linkage which is fully shown in FIG. 22 of the aforemen-
tioned Patent 2,626,749, However, due to the fact that
the overdraft control mechanism is fully shown and de-
scribed in the aforementioned patent, it is believed that
but a brief description thereof is necessary to herein be
presented in order to make readily apparent the signifi-
cance of the modifications thereof made in accordance
with the present invention.

As shown, the lower end of overdraft pitman 442 ex-
tends through an opening formed in base 65 of the ac-
counting machine and is pivotally connected to bell-crank
lever 443, the bell-crank lever being rotatably mounted
on rod 444 which is secured to the under side of base 65
by suitable means not shown. The remaining arm of
bell-crank 443 is providled with a stud 445 which coop-
erates with a slot formed in the upper edge of overdraft
trip-arm 446, trip arm 446 being rotatably supported on
overdraft cam shaft 447 which is journaled in brackets
448 secured to the bottom side of base 65. Trip arm
446 has a notch formed on the end thereof which is
normally urged by spring 449 into engagement with stud
450 carried by the lower end of lever 451. Lever 451
is pivotally mounted on rod 444 and has rotatably pinned
to the lowermost end thereof, roll 452 which is urged
by spring 449 toward the periphery of a plate cam, not
shown, which, in turn, is secured to overdraft cam shaft
447,

Consequently, as the credit balance key (“CR. BAL."—
FIG. 2) is operatively connected to the uppermost end
of pitman 442, manual depression of the credit balance
key causes pitman 442 to be depressed at the beginning
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of the cycle of operation of the machine. When pitman
442 is depressed, bell-crank 443 is rocked clockwise,
thereby causing stud 445 to rock overdraft trip-arm 446
counter-clockwise and thus release lever 451 to the ur-
gency of spring 449. Due to the action of spring 449,
lever 451 is rocked clockwise to engage roll 452 with
the periphery of a plate cam, mentioned above, to effect
the carrying-out of the remainder of the cycle of opera-
tion, as fully described in the aforementioned Patent
2,626,749, Near the end of the second cycle of opera-
tion, a high point on the plate cam effects re-engagement
of stud 450 with the notch formed on the end of over-
draft trip-arm 446, thus completing the cycle of operation.

In accordance with the present invention, means are
provided for automatically effecting selective depression
of overdraft pitman 442 to automatically initiate the pre-
viously-described overdraft cycle of operation. Such
means includes a rotary-type electrically-actuated sole-
noid (CBS) which is essentially of identical construction
as those previously described. Solenoid (CBS) is mount-
ed on bracket 454 by means of nuts 455, bracket 454
being fixedly secured to the under side of base 65. The
rotatable armature of solenoid (CBS) is provided with
an extension 456 which engages roller 457 pinned to the
end of bell-crank 443. Consequently, each time sole-
noid (CBS) is energized, bell-crank 443 is rocked clock-
wise and thus initiates a credit balance cycle of operation,
thereby automatically effecting a print-out of negative
numbers under the electronic control of the computer, as
will be more fully described hereinafter.

With reference to FIG. 38, when the carriage throat
shaft 458 is rotated counter-clockwise, as viewed, control
plate 459, fixedly secured to shaft 438, is also rocked
counter-clockwise, thercby tripping a carriage throat
clutch mechanism, not shown, thus causing the throat
mechanism to be operated by a power shaft, all in a man-
ner fully described in the referred-to Patent 2,626,749,

In accordance with the present invention, a rotary-
type electrically-actuated solenoid (Y), essentially of
identical construction as those previously described, is
fixedly secured to bracket 461 by suitable means, not
shown. Bracket 461 is fixedly secured to bracket 462 by
means of screws 463 threaded therein, bracket 462, in
turn, being fastened to the under side of base 65 by
means of screws 464 threaded therein. The rotatable
armature of solenoid (Y) is effectively connected to con-
trol plate 459 by means of linkage 465 connected there-
between. Consequently each time solenoid (Y) is ener-
gized, plate 459 is rocked counter-clockwise, as before.
As a result, the carriage throat clutch is tripped thereby,
as mentioned before, and the opening and closing of
the carriage of the accounting machine is automatically
effected solely under control of the computer.

In order to initiate a total-taking operation as previ-
ously described, it is necessary that the zero stop pawls
46 (FIG. 3A) be rocked counter-clockwise to release
the differential actuators 49 and permit rearward move-
ment thereof. During the rearward movement of the
actuators, selected ones of the totalizers are rotated in
a reverse direction unti} stoped by suitable “add” tripping
pawls, not shown, to thereby position the differential
actuators 49 and the printing sectors 67 in accordance
with the amount indicated by the rotatable positions of
the totalizer wheels. In order to initiate an addition or
subtraction operation, the zero stop pawls 46 are re-
moved by depression of the amount keys, as previously
described. In total-taking operations, however, no
amount keys are depressed, and thus it is necessary to
utilize other means for releasing the actuators from the
zero stop pawls.

With reference to the fragmentary view of FIG. 40,
which is fully illustrated in FIG. 36 of the previously
mentioned Patent No. 2,626,749 and fully described there-
in, means are provided for moving the key release slide
470 at the outset of the machine cycle, thereby causing
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the stud 471, affixed to the upper end thereof, to deflect
the plate 472 clockwise, as viewed. The plate 472 is
fixedly secured to the shaft 473, as is the plate 474, which
supports a stud 475 on the opposite end thereof. There-
fore, when the plate 472 is deflected clockwise, the plate
474 is likewise deflected clockwise, thereby causing the
stud 475 to act against the uppermost surface of the cam
476, which is provided on each of the control slides 44,
thereby moving the slides toward the rear of the machine
and thus releasing the zero stop pawls 46, as described
in connection with FIG. 3A. At the same time, the studs
475 cooperate with suitable cam projections, not shown,
which are provided on the latching slides in the amount
key banks, so as to release any amount keys which may
have accidentally been depressed prior to the initiation
of the total-taking cycle of operation. Consequently, the
square studs 41 on the lowermost end of the key stems
are withdrawn and thus arc prevented from coacting with
the shoulders 50 on the differential actuators 49, and,
therefore, are not permitted to stop the actuators in posi-
tions other than those dictated by the amounts standing
on the totalizer wheels.

The actuation of the key release slide 470 near the
beginning of the machine cycle, rather than near the
end thereof, is accomplished by means of a key release
latch 477, pivotally mounted on a stud 478, which is
carried by the rear end of the slide 470. The rear end
of the latch 477 is formed into a hook 479, which en-
gages a stud 480, mounted in a depending arm of a lever
481, which, in turn, is pivotally mounted between the
side frames of the machine. The lever 481 is operatively
connected to a roller, not shown, which engages a cam
mounted on the main cam shaft of the machine. Hence,
when the main cam shaft is rotated in one direction, the
latch 477 is deflected to the left, as viewed, by the stud
480, and thus the key release slide 470 is operated for
the beforementioned purpose.

1n order to prevent the just-described early key release
from occurring during an addition or subtraction opera-
tion, the selecting slides for the various totalizers are cach
provided with suitable abutments, not shown, which over-
lic the bail 484 when the slides are located in their total-
taking positions. As partially illustrated and as shown
more clealry in FIG. 39, the bail 484 is secured at its
ends to a shaft 485 journaled at either end in the side
walls of a bracket 486. Although not shown, the shaft
485 is operatively connected to be rocked clockwise, as
viewed in FIG. 40, by the main cam shaft of the machine.
Consequently, a stud 487, mounted in an arm 488, which
is pinned to the right-hand end of the shaft 485, deflects
the key release latch 477 counter-clockwise, thereby un-
coupling the hook 479 from the stud 480 and thus pre-
venting early release of the amount keys. However, if
any of the totalizer control slides is located with its abut-
ment positioned above the bail 484, clockwise rotation
of the shaft 485 is prevented, and the key release latch
477 remains coupled to the stud 480, so as to bring about
an eatly release of the amount keys.

With reference to FIG. 39, in accordance with the
present invention, means are provided for automatically
bringing about an early release of the amount keys by
the provision of an electrically-actuated solenoid (RRS)
secured to a bracket 490 by means of screws 491 threaded
in the frame thereof, the bracket 499, in turn, being fix-
edly secured fo the bracket 486 by means of screws 492
threaded therein. A substantially Z-shaped armature
493 of the solenoid (RRS) is pivotally mounted on a pin
494 in such a manner that, each time the solenoid (RRS)
is energized, the rightmost leg of the armature 493, as
viewed, is moved upwardly to present an obstruction to
the bail 484. Consequently, clockwise rotation of the
bail 484 is prevented, even thorugh there are no totalizer
control slides which are located with their abutments posi-
tioned above the bail 484, as previously described.

As will be described more fully hereinafter, there are
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certain “instructions” which are utilized and carried out
by the computer and which effect a different cycle of op-
cration of the accounting machine portion thereof.
proper control of the accounting machine portion, how-
ever, it is necessary that means be provided to “sense”
the states or conditions of the various portions of the
machine either before, during, or after a cycle of opera-
tion thereof. Such means include a plurality of switches
located at various appropriate places within the machine
and will, at this time, briefly be described only as to their
location and function, together with their mannsr of actu-
ation. The following to-be-described switches, along with
the just-described electrical components such as the photo-
cells, solenoids, etc., will hereinafter again be described in
connection with their actual incorporation into the clec-
trical control circuitry of the computer.

For example, neglecting for the moment the tope-
punching mechanism, there are three switches which ars
utilized in a logically “ANDED” combination to indicate
by their closure when depression of a particular motor
bar will cause a cycle of operation of the accounting ma-
chine. With reference to FIG. 38, a bell crank or “able
arm” 497 is pivoted about a stud 495 and, in a manner
fully described in the aforementioned Putent No.
2,626,749, is operatively connected to the various mecha-
nisms of the motor bars 23, 27, and 23 in such a way that,
when deflected in a clockwise direction, as viewed, all
motor bars are disabled and thus rendered incffective.
The able arm 497 is deflected clockwice when a key on the
accounting machine keyboard is partially depressed, when
the carriage is off a stop and the “non-seleet” key is not
depressed, when the carriage is returning, when the clec-
trical power to the accounting machise driving meuans is
turned off by the ON-OFF switch, when the machire is in
a cycle of operation, or when a motor bar is depressed.
In order to detect the condition of the able arm 497, a
switch 496 is fixedly secured to the side frame of the ma-
chine by suitable means, not shown, and is adapted to
have its movable arm 499 actuated by linkage 500, which
is connected to the upper end of the able arm. Normally,
the contacts of the switch 496 are closed; however, when
the able arm 497 is deflected clockwise for reasens previ-
ously mentioned, the contacts of the switch 49 arc
opened, thereby indicating that the motor bars ore dis-
abled.

In order to enable the accounting machine to perform
its record-keeping functions, the traveling paper carriage
is adaptable to be tabulated from one columnar position
to another columnar position, while traveling in cither a
forward or a reverse direction, so as to enable amounts
to be printed in the proper column of the record-keeping
form. The tabulation control mechanism utilized is ex-
tremely flexible in character and is selectively controlled
either from special keys on the keyboard, from the mator
bars, or from the stops of the traveling paper carriuge
itself.

Consequently, as the able arm does not disable the
motor bars during a carriage tabulation cyele, it is there-
fore possible to manually hold the carriage over a carriage
stop, even though the carriage is attempting to tabulute,
and thereafter depress a motor bar, thereby initiating a
machine cycle. Therefore, to prevent the electrical con-
trols for the computer from initiating a depression of a
particular motor bar while the carriage is tabulating over
a carriage stop, a switch, shown in FIG. 43 as 510, is
utilized to sense a carriage tabulation cycle. As shown,
the forward tabulation lever 581 is rotatably and slidably
supported by means of an elongated slot formed therein
cooperating with a frame stud 562 secured to an angle bar
503. The lever 561 is normally urged to the right, as
viewed, by means of a spring 504 and is further vrged
in a clockwise direction atout the stud 502 by means of a
spring 505. The action of the springs 584 and 505 is
resisted by a square stud 586, which lies beneath the right-
hand end of the lever 581 and is sccured to the rear face
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of the carriage support plate 563. The stud 506 coop-
erates with a shoulder 507 formed on the lever 561 and
thereby prevents the lever 501 from being moved either
to the right or to be rotated under the influence of the
springs 504 and 505.

in operation, when tabulation is initiated depressed,
among other things not pertinent hereto, the lever 501 is
first lifted off the stud 506 and is thereafter moved to the
right by the spring £04 and rocked clockwise by the
spring 595, (o free the carriage for movement and to ef-
feet completion of the tabulation cycle. Upon comple-
tion of the carriage tabulation cycle, the lever 381 is
restored to ihe position shown,

To sense a tabulation cycle, an exlension 568 is piv-
otally connected at one end to the end of the lever 561
and is rotatably and slightly mounted by means of an
elongated slot formed therein coopzrating with a stud 509
mounted in the support plate 593. A switch 510 is
mounted on the support plate 503 in such a manner that
the contacts thercof are opened by extension 568 due to
the clockwise movement of the lever 8@1, thus indicating
that the carriage is operating in a tabulating cvcle.

As previously mientioned in comnection with FIG. 38,
all previcusly-mentioned conditions being met, the contacts
of the switch 496 are closed by the able arm 497 after
the machinc has progressed through approximately
seventy-five percent of its cycle of operatien. Conse-
quently, snother switch is utilized to indicate when the
machine cycle has been cufficiently completed to the ex-
tezst that depression of a motor bar will cause another cycle
of operation. With reference to FIG. 41, there is shewn
a slide 513, which controls the reverse tabulation mecha-
nism of the accounting machine and may therefore be re-
ferred to as the “reverse tabulatioa” slide which initiates
the return of the carringe.  The slide 513 Is provided with
clongated slots by means of which it is slidably mounted
en suitable studs, not shown, which, in turn, are meunted
on an auxiliary frame plate of the machine. The slide
513 is resiliently urged toward the front of the machine,
or to the left, as viewed, by means of a spring 514, but
is normally reteined in its rearward position, against the
urgency of the spring 314, by means of a rod 515, sccured
to the upper end of a lever 516, The lever 516 is piv-
otally mounted oa a stud 517, which is secured to the
auxiliary frame plate, and its lower end is pivotally con-
nected to the forward end of a link £18. The rear cnd
of the link 818 is pivotally connected to the upper end of
a follower arm 5§19, which is rotatably mounted on a
shaft 52@ and is provided with rolls 21 and 522, which
respectively cooperate with a pair of companion cam
plates 523 and 524, securcd to the main cam shaft 525
of the seccounting machine.

Hence, during each cycle of operation of the account-
ing machine, the cam shaft 525 is rotated clockwise, as
indicated by the arrow, and thereby deflects the follower
arm 519 clockwise to the position indicated by the dash-
dot line. Consequently the link 518 is shifted to the right,
and the lever 516 is deflected counter-clockwise thereby
and thus moves the rod 515 to the front of the machine.
Consequently, the slide 513 is permitted to be moved for-
wardly under the influence of the spring 514 and to be
differentially positioned under the control of the motor
bars. The lever 516 also carries an aligner bar 526, which
is adapted to engage aligner notches 527 formed on the
lowermost edge of the slide 513, so as to align the slide
firmly in the position which it has assumed while teing
sensed by a feeling mechanism, which, again, is fully
shown and described in Patent No. 2,626,749. Upon com-
pletion of the cycle of operation, the follower arm 819 is
deflected counter-clockwise to again engage the rod 515
with the slide 513, as shown.

In order to sense whether the machine is in home posi-
tion rcady for another cycle of operation or whether the
machine, at the moment, is in the process of carrying out
a cycle of operation, the switch 528 is utilized and is fixed-
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ly secured to a bracket 529 by means of nuts 530, The
bracket 529, in turn, is fixedly secured to a bracket 531
by means of screws 532 threaded thercin, bracket 531
being secured to the base 63 of the machine by suitable
means, not shown. As shown more cleaily in FIG. 42,
the link 518 is provided with a stud 533, which is adapted
to engage a roller 5§34, rotatably carried by the actuator
of the switch 528. Consequently, when the machine is in
home position, as shown in FIG. 41, the stud 533 is inen-
gagement with the roller 534, and the contacis of the
switch 528 are thereby closed, indicating that the machine
is ready to start another cycle of operation. However,
when the machine starts to initiate another cycle of opera-
tion, the pressure exerted by the stud £33 on the rolier 534
is relieved, and the contacts of the switch 528 are opened
thereby.

The three just-described switches 496, 510, and 528 do
not detect when a motor bar is disabled due to one of the
item counters being off home position, or when one of
the manual counter contrel keys is partially depressed.
Consequently, even though the collective closure of the
three swilches 498, 5190, and 528 indicates that a motor
bar is permitted to be depressed by the computer, yet the
motor bar may still be disabled mechanically. TIn fact, if
a motor bar were to be depressed at this particular time,
it is possible that the electronic controf portion of the
computer would receive an indication that the accounting
machine portion thereof had started into a cycle of opera-
tion, whereas, in actuality, the machine did not even start
to cycle.

To avoid the necessity of many additional switches to
detect why the accounting machine portion of the com-
puter did not cycle, a single switch is utilized to detect
when the machine did not cycle, regardless of the reasons
why it did not cycle. Consequently, if the accounting
machine portion dogs not cycle, for some reason or aa-
other, after the electronic portion of the computer has
effected depression of a motor bar, the electronic portion
“senses” the fact that the machine did not cycle and there-
after continually effects pzriodic depression of the motor
bar until the machine finally cycles.

With reference to FIG. 26, a flat plate 537 is secured to
a shaft 538, which is journaled in the side frames, not
shown, of the electric typewriter portion of the accounting
machine. Also secured to the shaft 538 is an arm 539,
which is operatively connected to the accounting machine
mechanism in such a manner that, each time the account-
ing machine starts into a cycle of operation, the arm 539
is rocked counter-clockwise, as viewed, and thereby posi-
tioned as indicated by the dot-dash line, However, when
the lever 539 is rocked counter-clockwise, the plate 537
is thereby moved into blocking position between the type-
writer keys to prevent a typewriter key from being de-
pressed while the machine is carrying out a cvele of oper-
ation. Upon completion of a cycle of operaticn, the lever
539 resumes its position, as shown.

Thus, in order to sense whether a cycle of operation is
being carried out, a switch 549 is fixedly s:zcured to the
base 65 by means of screws 541 threaded therein, and is
positioned so that a roller 542, carried by the actuator
thereof, is engaged by the lever 539 when the lever is in
a raised position and the contacts of the switch 540 are
operated thercby. As will be more fully described herein-
after, the contacts of the switch 549 are operated in the
range of 50 to 200 milliseconds after a motor bar sole-
noid has been energized if the machine has started into a
cycle of operation. Upon energization of a motor bar
solenoid, the corresponding motor bar is depressed there-
by, as previously described. After a time lapse of ap-
proximately 250 milliseconds after the motor bar solenoid
is energized, the condition of the switch 549 is sampled.
If the contacts of the switch 540 are not found to be
operated, the motor bar solenoid is de-energized and there-
by allows the depressed motor bar to resume its normal
position, When the motor bar has resumed its normal
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position, such that re-depression thereof may cause a
machine cycle, the corresponding motor bar solenoid is
allowed to be re-cnergized to again repeat the sequence
of operations.

As previously described with respect to FiG. 17, squere
shaft 283 is rocked counter-clockwise, as viewed, to cffect
the disengagement of lower compression rollers 288 and
platen 71. With reference to FIG. 19, arm 542 is fixedly
secured to the underncath side of shaft 283 by means of
screws 543 threaded therein and engages actuating lever
544 of switch 545 which is fixedly secured to bracket 546
by means of screws 547 threaded therein, bracket 546 be-
ing fixedly secured to bracket 236 by means of screws 5438
threaded therein. When square shaft 283 is rocked
counter-clockwise, its contacts are operated, thus indicat-
ing that lower compression rolls 288 (FIG. 17) are out of
engagement with platen T71.

With reference to FIG. 41, switch 538 is fixedly secured
to bracket 551 by means of screws 552 threaded therein,
Bracket 551 is fixedly secured to bracket §53 by racans of
screws 554 threaded therein, whereas bracket 553 is fixed-
ly secured to the base 65 of the machine by means of
screws 555 threaded therein. Switch 550 is positioned so
that the contacts thereof are effectively operated by fo!-
lower arm 519 during the time that the follower arm 18
rocked clockwise into engagement with the actuator 556
thereof, as shown by the dot-dash line, thus indicating that
the accounting machine is in the process of carrying out
a cycle of operation such that aligner bar 72 is in engage-
ment the notches formed on the lower end of arm 53
(FIG. 3A), as previously described. )

Also shown in FIG. 41 is a portion of the linkage uti-
lized by the accouniing machine carriage opening and
closing mechanizm, which is fully shown and dsscribed
in connection with FIG. 139 of the before-referrad-to Pat-
ent No. 2,626,749, Bven ihough not fully shown in FIG.
41, lever 557 is pivotally mounted on stud 558 and has its
leftmost end operaiively connected to carriage open key
“CARR. OPEN” (FIG. 2) in such a manner that depres-
sion thereof causes lever §37 to be rocked counter-clock-
wise.

In accordance with the present invention, switch 552 is
fixedly secured to bracket 553 by means of screws 569
threaded therein and has its roller-type actuator 561 in
engagement with the rightmost end of lever 857. Conse-
quently, when Jever 557 is rocked counter-clockwise, the
contacts of switch 559 are actuated thereby, thus indicat-
ing that the operator dosires the carriage to be opened.

With reference to FIG. 44A, there is shown a frag-
mentary view of the particular mechanism controlled by
stops on the traveling paper carriage for selecting the to-
talizers for addition, sublraction, or total-taking opera-
tion, the mechanism being fully shown and describad with
respect to FIG. 56 of the before-referred-to Patent No.
2.626,749. RBriefly, however, stem 564 of totalizer re-
verse key “REV” also shown in FIG. 2, carries a stud
555, which cooperates with the bifurcated end of lever
566. Lever 566, in turn, is pivotally mounied cn stud
567 secured to partition plate 568 and has a depending
arm, which cooperates with a stud 563, mounied in an
arm 570, which, in turn, is loosely journaled on a shaft
571, Thus, when the reverse key “REV” is depressed,
arm 570 is rocked counter-clockwise, as viewed, and
thereby effects reversal of the add and subtract selection
111:(:&_@15:11 of the totalizers from the carriage slops, as
fully described in the above-referred-to patent.

In accordance with the present invention, switch 572 is
fixedly securcd to bracket 573 by means of screws 574,
brackst 573 being fixedly securad to partition plate 568
by means of screws 575 (hreaded therein. Switch 572 is
properly posiiioned in such a way ihat its roller-type ac-
tuator 576 is deflected by stud 569 and thus operates
the contacts thereof each time the reverse key “REV” is
depressed.

Tn addition, a rectangularly-shaped slot 562 is formed
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in the partition plate 568 and is properly orientcd to have
slidably disposed therein a square stud 563 projecting
from the lowermost end of key stem 564. An elongated
arm 577 has one end thercof pivotally supported by a
screw 578 threaded in the parlition plate 568 and has sup-
ported on its opposite end a pair of studs §85, which are
disposed above and below the square stud carried by the
key stem 564. Also supported on the opposite end of the
arm 577 is an electrically non-conductive stud 586, which
is adapted to engage the movable arm 587 of 2 switch
mechanism, indicated generally as SC46, which, in turn,
is supported by the plate 568 by suitable means, not
shown.

Therefore, each time the reverse key “REV” is de-
pressed, the square stud on the lowermost end of the stem
thereof deflects the arm 577 clockwise, as viewed, and,
consequently, the movable contacts of the swiich SC46
are actuated by stud 586. When the reverse key is re-
leased and allowed to assume the position shown, the
movable contacts of switch SC4§ are likewise allowed to
assume their normal positions, as shown.

With reference to FIGS. 24 and 25, there is shown a
partial plan view of the rear rack 276 and the driving
gear means 277, which were previously described in con.

nection with FIG, 17, for effecting linear translation of :

the accounting machine carringe. However, in order to
sense the home positicn of the accounting machine car-
riage, a switch §72 is fixedly secured to the plate 240 by
screws 589 and, as more clearly shown in FIG. 25, is s0
positioned that its roller-type actuator 581 is
be engaged by a stud 582, depending from the lower side
of the rack 276, each time the carriage is in home posi-
tion. Consequently, the normally-opened contacts of the
switch 579 are closed as long as the carriage is in home
position and are opened as scon as the carriage leaves
home position.

With reference to FIG. 27, manually-operable me=ans
are provided to sclectively lock the typewriter carriage-
return keys, numbered (1) through (3). Such means
comprises essentially a substantially flat plate 583, which
is normally spring-urged to a position under the key stems,
as shown, to prevent depression thereof, However, when
lever 584 is moved forward, or to the right as viewed, its
tail end cams the plate 583 outwardly to permit selective
depression of the keys.

9. Building Blocks Generally

Before going into a detailed description of the indi-
vidual units making up the electrical circuitry of the com-
puter shown by the block diagram thereof in FIG. 45,
there will now be described the building blocks with
which these individual units and interconnections there-
between are constructed. A building block is herein de-
fined as a structure which is basic to the operation of the
individual units of the computing system, and is used
repeatedly in the system for amplification, logic, or other
conirol purposes. By establishing a set of building blocks
and understanding the rules for their interconnection,
such a complex computing system as that heretofore gen-
erally described is more readily understood. The build-
ing blocks that are of particular importance are inverters,
amplifiers, triggers, and logical circuits such as “ANDS”
and “ORS,” etc.

10. Inverter Building Blocks

The building block to be first described is the inverter,
which, as the name implies, effects an inversion of the
signal applied to the input thereof. In a transistor cir-
cuit, the grounder-emitter amplifier is capable of perform-
ing such an operation. Thus, in order for the inverter
to perform such a task, it must produce an output signal
that is “up™ when the input signal is “down,” or, stated
another way, it must produce a signal indicaiive of binary
“one” upon the application of a signal to its input indica-
tive of binary “zero”; conversely, it must produce a bi-
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nary “zero” signal upon the application of a binary “one”
to its input. However, throughout the following descrip-
tion of the electrical circuitry of the instant computer, for
the purposes of clarity, when the output signal is “up”—
i.e., substantially at or above ground potential—it will be
referred to as being “TRUE,” indicaiive of a binary
“one.” However, when the output signal is “down” ie.,
below ground potential at a potential of approximaitely
—6 volts, it will be referred to as being “FALSE,” indica-
tive of a binary “zero.”

With reference to FIG. 46A, there is shown a simple
grounded-emitier type inverter comprising {ransisior 650
having its base connected to input terminal 631 and its
collector connected to outpui terminal $52. The symbol
for this type of inverter is the notation “I1” enclosed by
a circle, as shown at the bottom of the block. When a
negative potential is applied to the base of {ransistor 659
via input terminal 651, base current lows outwardly from
the base thereof toward input terminal 651, If the col-
lector electrode of transister 650 is connected to a nega-
tive potential via output terminal 652, emitter current
flows from the emitter to the collector of transistor 659,
Assuming a sufficient flow of base current, the resistance
between the collector and the emitter becomes a very low
value, and, as a result, output ferminal 652 is esseniially
at ground potential, indicative of a TRUE signal. When
either ground or a positive potential is applied to the base
of transistor €50, the resistance between the collector and
the emiiter, and the resistance between the base and the
emitter, are all of a substantiaily high value. Conse-
quently, the values of both the base and collscior currents
go essentially (o zero, and (e voltage at outpu! terminal
652 is therealter negative.

Tnverier 12 shown in FIG. 46B is substantially the same
as inverter I of FIG. 46A, with the exception that the
emitter electrode of transistor 638 is now returned to ter-
minal 663 instead of ground potential. Inverter I3 of
FIG. 46C is essentially the same as inverter 11 but is
additionally provided with a clamping diode 653, con-
nected between the collector of transistor 636 and bias
terminal 634, to “clamp” the collector to the negative
operating poteniial at bias terminal 654, Inverter 14 is
cssentially the same as It but, additionally, has a drop-
ping resistor 659 in its output circuit. Inverter 15 is essen-
tially the same as I1 but is additionally provided with a
dropping resistor 655 connected between the collector of
transistor 639 and bias terminal 656. I6 is substantially
the same as 11, with dropping resistor 660 in its input
circuit. I9 is substantially the same as 16 but further in-
cludes resistor 661, connected between the base of tran-
sistor 630 and bias terminal 662, to insure that the transis-
tor remains non-conductive when so rendered. Inverters
17, 18, 119, and 112 through 116 are substantially the same
as 1%, except that they are additionally provided with
various combinations of bias dropping resistors 655, 657,
653, and 661, clamping diodes 633, and input dropping
resistor 660. 111 is substantiaily the same as 15, with
dropping resistor 664 connected between the emitter of
transistor 656 and ground potential. Inverter I17 is sub-
stantially the same as 17, except for the addition of input
coupling condenser 667 and base resistor 668. The pur-
pose of condenser 667 is to provide a large surge current
in order to overdrive the transistor momentarily, to de-
crease the rise time of the output signal and thus increase
switching speed. 118 through 123 and 125 utilize various
combinations of the dropping resistors, clamping diodes,
and coupling condensers previously described. In 124,
diode 671 keeps the base of transistor 650 substantially
at ground potential until the potential at terminal 651 be-
comes negative to render the transistor conductive. In
126, bypass conductor 665, connected between coilector
and ground of the transistor, provides a short circuit to
climinate or attenuate undesirable high frequencies. 1In
127, condenser 672 and resistor 670, each connected be-
tween collector and base of transistor 650, provide an in-




3,112,304

49
verse feedback to limit the gain of the stage at high fre-
quencies. In 128, condenser 666 and resistor 664 pro-
vide a suitable negative feedback voltage proportional to
emitter current to limit the gain of the inverter stage, and
also provide a degree of temperature compensation
thercof’; resistors 655, 658, 668, and 670 provide the neces-
sary operating bias potentials thereto; condensers 665,
672, and 680 function as filter condensers which remove
unwanted extraneous signals; and condenser 667 func-
tions as a coupling condenser which a-c couples input
terminal 651 to the base of transistor 650. Inverier 129
is essentially a conventional emitter-input grounded-base
amplifier with a series dropping resistor 678 in its base
circuit.
11. Emitter-Follower Building Blocks

The next building block to be described is the emitter
follower, which gets its name from its vacuum-tube coun-
terpart, the cathode foilower. The emitter follower type
of amplifier provides power gain, has no phase inversion
at low frequencies, has a slight attenuation of the input
potential signal, and has a slight change in the d-c level
of the signal from input to output. With reference to
FIG. 47B, there are shown various types of emitter {ol-
lower circuit configurations, each having a symbol which
comprises the designation “E” normally followed by a
numeral and both designations encompassed by a circle,
as shown at the bottom of each sub-section (&) through
(k) of FIG. 47B.

As shown in sub-section (a), emiiter-follower E1 com-
prises a transistor 650 having its emitter returned to
ground or reference potential through resistor 664. The
collector is connected to bias terminal 656 to normally
receive a suitable negative d-c operating potential there-
from. Input terminal 651 is connected to the base, and
output terminal 652 is connected to the emitter, of the
transistor.

In operation, if the input signal and consequently the
base of the transistor are TRUE—i.e., at ground poten-
tial—the transistor 650 is rendered substantially non-
conductive, and the output at terminal 652 is therefore
substantially at ground potential, or TRUE. However,
when the input signal is FALSE—i.c., at a potential of
—6 volts—the transistor is rendered conductive, and the
potential at output terminal 652 is substantially equal to
the negative potential on the base. Thus, when the input
is TRUE, the output is TRUE, and, when the input is
FALSE, the output is FALSE. Emitter follower E2 in
sub-section (b) is essentially the same as E1, with the ex-
ception that the lower end of resistor 664 is returned to
bias terminal 663 instead of ground potential. In E3,
output terminal 652 is connected to the emitter of transis-
tor 650 through series dropping resistor 664. E4 is sub-
stantially the same as E2 but for the addition of resistor
673 between output terminal 652 and the emitter of the
transistor. ES is essentially the same as E3, with the addi-
tion of resistor 661 connected between the base of the
transistor and bias terminal 662. E6 is substantially the
same as E2 but for the addition of bias dropping resistor
655. E7 is substantially the same as E4, except that, in
this instance, resistor 673 is now paralleled with bypass
condenser 666. Emitter followers E8 through E10 and
E1 utilize various combinations of dropping and bias re-
sistors and coupling and bypass condensers, as previously
described. El, however, functions somewhat as both an
inverter and an emitter foilower in that an inverted output
appears at output terminal 674, while simultaneously an
output potential appears at terminal 652 which is of the
same polarity or phase as the input signal.

For the sake of simplicity and brevity, the preceding
building blocks were discussed but briefly. However, for
a more detailed and comprehensive description thereof,
reference is made to the “Handbook of Semiconductor
Electronics,” by L. P, Hunter, published by McGraw-Hill
Book Company, Inc., wherein many similar circuit con-
figurations are found.
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12. Logical OR Building Blocks

Performing logical operations is a well-known funda-
mental to the operation of a computer. The most basic
logical operations are those of “AND” and “OR.” Even
though many of the logical operations performed in digi-
tal computers are concerned with arithmetic operations
such as addition, subtraction, division, and multiplication,
herein many of the logical operations are assembled into
decision-making and information-routing circuits. In
order to perform such Jogical operations, it is generally
necessary to utilize nonlinear circuit elements, such as
diodes and transistors and the like.

With reference to sub-sections (a) through (g) of
FIG. 47A, there are shown various logical “OR” circuit
configurations. In (a), there is illustrated a logical “OR”
building block of type D1 comprising a plurality of diodes
679, each having its cathode connected to the other. A
“pull-down” resistor 690 is connected to the junction of
the diodes 679 and to bias terminal 689, which normally
has a negative d-c operating potential applied thereto.
A plurality of input terminals, in this instance shown as
675 through 678, are individually connected to the anode
of a different one of diodes 679, and output terminal 688
is connected to the junction of the diodes.

In operation, if the input signal to any one or more of
terminals 675 through 678 is “TRUE,” or at a positive
poteniial, the cotresponding diode in each instance is con-
ductive, its internal impedance is reduced substantially to
zero, and consequently the potential appearing at output
terminal 688 is substantially equal to the input potential.
However, if the input signals to all of input terminals 675
through 678 are each at a negative potential, the output
signal at terminal 688 goes negative via the negative po-
tential at terminal 689 and resistor 699. However, the
negative potential at terminal 688 is not permitted to go
more negative than the least negative potential at one of
input terminals 675 through 678. Thus, it is evident that
the output of a logical “OR” circuit is “TRUE” (or posi-
tive) if any of the input signals to terminals 675, 676, 677,
or 678 is “TRUE” (or positive); the cutput is effectively
“FALSE” only when all of the inputs are “FALSE.” The
symbol used herein for a logical “OR” is a semicircle
designation having the representative input lines extend-
ing through the half-circle and terminating at the circum-
ference thereof, as illustrated at the bottom of each of
sub-sections (a) through {g).

Logical “OR” of type D2, shown in (b) of FIG. 47A,
is substantially the same as type D1, but for the addition
of dropping resistor 691 connected between the junction
of didoes 679 and resistor 690. In (c), a type C logical
“OR” comprises a plurality of condensers 683, each con-
nected to the oiher and connected to output terminal 688.
A plurality of input terminals, illustratively shown as 675
through 678, are each connected to the remaining end of
one of the condensers 683. In a type CR logical “OR,”
the condenser 683 and the resistor 687 arc each connected
to output terminal 638, input terminals 675 and 676 being
individually connected to the remaining end of the con-
denser and the resistor. Type CRD logical element is
similar to type CR except for the addition of diode 679
connected between resistor 687 and output terminal 688.
Type R “OR” comprises but a single resistor 691 con-
nected between input terminal 675 and output terminal
688, and type RDIL “OR” comprises a series-connected
resistor 691 and diode 679, connected between input ter-
minal 675 and output terminal 688,

13. Logical “AND” Building Blocks

With references to FIG. 48A, there is illustrated a logi-
cal “AND” building block of type D1 which comprises a
plurality of diodes 679, each having their anodes con-
nected together and connected to output terminal 688. A
plurality of input terminals, illustratively shown as 675
through 678, are each individually connected to the cath-
ode of a different one of diodes 679. A “pull-up” re-
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sistor 690 is connected to the junction of diodes 679 and
to bias terminal 689, which is normally supplied with a
suitable positive d-c¢ operating potential having a magni-
tude, in most instances, of 6 volts.

In operation, when the input signal to each of the
input terminals 675 is “TRUE"—i.e., at zero or ground
potential—the output signal at terminal 688 gocs su_b-
stantially to ground potential via the positive potential
at bias terminal 689 and resistor 690. However, if any
one or more of the input signals goes “FALSE” (—6
volts), the corresponding diode is conductive, and, con-
sequently, the output signal at terminal 688 is substan-
tially at —6 volts (“FALSE"). Therefore, it is seen
that in a logical “AND” circuit, as just described, the
output signal remains “FALSE” as long as any one
or more of the input signals are “FALSE”; the output
signal goes “TRUE” only when all of the input signals
go “TRUE” and at no other time,

Type D2 “AND” circuit shown in (b) is essentially
the same as the D1 type except for the addition of drop-
ping resistor 691 connected between the anodes of the
dicdes 679 and the output terminal 688. The D3 type
shown in (c) is substantially the same as the D2 type
but for the addition of bypass condenser 695 connected
in parallel with the dropping resistor 691. In the D4
type of logical “AND” circuitry shown in (d), pull-up
resistor 690 has been omitted and replaced with a circuit
comprising transistor 700, having its base connected to
the junction of the diodes 679. The collector of the tran-
sistor 700 is connected to bias terminal 689, having a
negative d-c operating potential of approximately 6 volts
applied thereta. The emitter of transistor 700 is con-
nected to output terminal 688 and is also connected to
one end of resistor 701, the opposite end of resistor 701
being connected to bias terminal 702 having a positive
d-c operating potential of approximately 6 volts applied
thereto. By the use of such an emitter follower type
amplifier essentially as a pull-up resistor, a power gain
of the output signal results, the input and output signals
thereto being at all times of the same polarity as previous-
ly described with respect to the emitter follower type
building blocks.

The D5 type “AND” circuit shown in (e) is substan-
tially the same as the D1 type except for the addition
of bias resistor 692, connected between input terminal
675 and bias terminal 693, which has applied thereto
a negative d-c operating potential. The DR type “AND”
shown in (f) is somewhat different, in that resistor 696
now constitutes the pull-up resistor even though it is
connected to one of the input terminals such as 675. In
operation, if the input signal to either or both of input
terminals 675 and 676 is “FALSE” (—6 volts), the signal
at output terminal 688 is likewise “FALSE.” However,
if the input signal to both of the input terminals is
“TRUE” (ground potential), the signal at output terminal
688 is likewise “TRUE,” as in the logical “AND” circuits
just described.

In (g) there is shown a resistor type of logical “AND”
circuitry R1 which comprises a plurality of resistors 696,
each connected to output terminal 688 and having the
remaining end thereof individually connected to one of
a plurality of input terminals, illustratively shown as 675
through 678. A pull-up resistor 690 is connected at one
end to the junction of resistors 696 and is connected at
its remaining end to bias terminal 689, which has applied
thereto a positive d-c operating potential. This partic-
ular type of “AND” circuitry, however, does not render
a “TRUE” or “FALSE” output signal respectively rep-
resented by a zero or a pegative potential, In this in-
stance, the “TRUE” or “FALSE” representation is by
a positive or a negative output signal which is fed as
an input signal to a suitable amplifier which re-establishes
the proper voltage levels therefrom; i.e., zero and minus
potentials indicative of “TRUE” and “FALSE,” respec-
tively.
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The operation of the device is as follows: The various
resistor values are properly chosen so that, when all of
the input signals to terminals 675 through 678 are
“TRUE” (ground potential), the output signal at ter-
minal 688 is positive by an amount proportional to the
resistor divider network. However, should any one or
more of the input signals be “FALSE” (negative), the
output signal is also negative by an amount proportional
to the resistor divider network, consequently “FALSE”
also. “AND” circuit R2 shown in (4) is substantially
the same as type R1 except for the addition of dropping
resistor 691 connected between the junction of resistors
696 and output terminal 688,

In (i) there is shown a transistor type logical “AND”
T1 which utilizes a pair of transistors 700 and 709. Input
terminal 675 is connected to the base of transistor 700
through coupling condenser 703, whereas input terminal
676 is connected to the base of tramsistor 769 through
series connected resistors 711 and 712. Bias resistor 713
is connected to the junction of resistors 711—712 and
is connected to bias terminal 714, which has applied
thereto a suitable positive d-c operating potential. The
base of transistor 700 is returned to ground potential
through resistor 710 and is also connected to the collector
thereof through parallel-connected resistor 704 and con-
denser 705. The emitter of transistor 700 is connected
to the collector thereof through series-connected resistors
707 and 708. The junction of resistors 767—708 is re-
turned to a-c ground through condenser 706 and is con-
nected to bias terminal 689 through dropping resistor
690 connected therebetween, bias terminal 689 having
applied thereto a suitable negative d-c operating poten-
tial. The emitter of transistor 700 is directly connected
to the collector of transistor 709, whereas the emitter
of transistor 709 is directly returned to ground potential.
Output terminal 688 of the logical “AND” gate is directly
connected to the collector of transistor 700,

In operation, if the input signal at terminal 676 is suffi-
ciently negative, transistor 709 is rendered conductive
and thus presents a very low resistance from the emitter
of transistor 700 to ground. Consequently, transistor
700 functions in the same manner as a conventional
“class—A” inverter type amplifier such that a-c signals
of the proper frequency appearing at terminal 675 appear
amplified and inverted at output terminal 688. However,
if the input signal at terminal 676 is ground, transistor
709 is rendered non-conductive and thus appears as a
very high resistance from the emitter of transistor 700
to ground. Consequently, since no emitter current can
flow through transistor 700, signals appearing at input
terminal 675 are not amplified by transistor 700. Thus
it is seen that, when mput terminal 676 is negative, a-c
signals appearing at terminal 675 appear amplified and
inverted at output terminal 688; when input terminal 676
is ground, a-c signals appearing at terminal 675 do not
so appear as amplified and inverted at output terminal
688.

In () there is shown a second type of transistor logi-
cal “AND” T2, which also utilizes a pair of transistors
700 and 709. Input terminal 675 is connected to the base
of transistor 700 through coupling condenser 703, whereas
input terminal 676 is connected to the base of transistor
709 through series-connected resistor 711. The emitter
of transistor 709 is returned through series-dropping re-
sistor 713 to bias terminal 714 having a suitable posi-
tive unidirectional operated potential applied thereto.
The emitter of transistor 700 is returned to ground po-
tential through a parallel-connected resistor and con-
denser network 664 and 666, whereas the base of tran-
sistor 700 is returned through series-dropping resistor
710 to bias terminal 689, which has a suitable negative
unidirectional bias potential applied thereto. The col-
lector of transistor 700 is connected to bias terminal 689
through series-dropping resistor 690 and is also connected
to the collector of transistor 709 with both of the col-
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jectors of transistors 700 and 709 being connected to
output terminal 688.

In operation, if the input signal at terminal 676 is
«TRUE,” transistor 709 is rendered non-conductive and
appears as a very high resistance from output terminal
638 to ground. Transistor 769 normally is conductively-
biased near saturation in such a manner that output ter-
minal 688 is near ground potential. Thus, when positive-
going pulses appear at input terminal 675, they appear
amplified and inverted at output terminal 688. How-
ever, if input terminal 676 is “FALSE,” transistor 709
is rendered conductive, and its collector current flows
through resistor 690 to bias terminal 689. This collector
current is of sufficient magnitude that, even though no
collector current were present in transistor 768, the po-
tential at output terminal 688 is substantially ground.
Thus, when positive-going signals appear at terminal 675,
the resulting change in collector current of transistor
7060 produces essentially no appreciable change of po-
tential of ouiput terminal 688, Therefore, when input
terminal 676 is “TRUE,” positive-going pulses at input
terminal 675 appear as amplified and inverted at out-
put terminal 688; however, when input terminal 676 is
“FALSE,” output terminal 688 remains essentially at
ground potential, even though input positive-going sig-
nals appear at terminal 675.

14. Flipflop and Multivibrator Building Blocks

The “flipflop” building block is normally composed of
two inverters, as shown in FIG. 49, which are connected
in cascade with the input of each one being connected
to the output of the other. As shown in section (&) of
FIG. 49, flipflop of the F1 type consists of two grounded
emitter transistors 722 and 723 having input terminals
717 and 718 respectively connected to the base electrode,
and output terminals 719 and 720 respectively con-
nected to the collector electrode of transistors 722 and
723, The base of transistor 723 is connected to the
collector of transistor 722 through parallel connected re-
sistor 734 and condenser 735, whereas the base of tran-
sistor 722 is connected to the collector of transistor
723 through parallel connected resistor 736 and con-
denser 737. The base of each of transistors 722 and
723 is returned to ground potential through resistors
729 and 728, respectively, whereas the collector thereof
is respectively connected through dropping resistors 725
and 727 to bias terminals 724 and 726, which have ap-
plied thereto a suitable necgative unidirectional operat-
ing potential.

In order to describe a mode of operation, it will first
be assumed that transistor 722 is non-conductive and
transistor 723 is conductive. Thus, when the input sig-
nal to terminal 717 goes negative, transistor 722 is now
rendered conductive, the internal impedance thereof drops
essentially to zero, and consequently the output signal
at terminal 719 is thereafter “TRUE” (ie., at ground
potential). In addition, when transistor 722 is rendered
conductive, the base of transistor 723 is momentarily
driven positive via coupling condenser 735, and, conse-
quently, transistor 723 is rendered non-conductive. Tran-
sistor 723 being non-conductive, the output signal at
terminal 720 is “FALSE.” A negative bias potential ap-
plied from terminal 726 to the base of transistor 722
via resistor divider network 727—736—729 jnsures that
transistor 722 remains conductive when the input sig-
nal to terminal 717 is no longer present. Consequently,
as terminal 719 is essentially at ground potential, very
little base current is supplied to transistor 723 via re-
sistor 734, and, as a result, transistor 723 remains non-
conductive. Thus, the flipflop is now operating in one
of its two stable states. It is to be noted at this point
that during normal operation, a crystal diode, forming
a part of a suitable triggering circuit, to be described
later, is usually connected in series with each of input
terminals 717 and 718 in such a manner that the states
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of both of transistors 722 and 723 remain unchanged
even though the input signals to terminals 717 and 718,
via their respective triggering circuit diode, effectively
changes from “FALSE” back to a “TRUE” condition,
respectively. In other words, the only time the states
of transistors 722 and 723 change is only when the in-
put signal to one of the terminals 717 and 718 goes from
“TRUE” to “FALSE.” WNow, when the input signal to
terminal 718 goes negative, transistor 723 is rendered
conductive, the output at terminal 720 is now “TRUE,”
and the base of transistor 722 is momentarily driven
positive and thereby renders transistor 722 non-con-
ductive. Transistor 722 being non-conductive, the out-
put at terminal 719 is “FALSE,” and a negative bias
is applied from terminal 724 to the base of transistor
723 via network comprising resistors 725, 734, and 728,
and coupling condenser 735, to insure that transistor
723 remains conductive. As before stated, insufficient
base current is supplied to transistor 722, and, conse-
quently, transistor 722 remains non-conductive. Thus,
the flipflop is now operating in the other of its two
stable states.

To summarize: When the input signal at terminal 717
momentarily goes negative, the flipfiop is triggered to
one of its two stable states, so that the output at the
terminal 719 is TRUE (if not already TRUE) and the
output at terminal 720 is FALSE; however, when the
input to terminal 718 momentarily goes negative, the
flipflop is reset to its initial state, so that the output
at terminal 719 is now FALSE and the output at ter-
minal 726 is now TRUE. If, for some reason, the in-
put signals to both of terminals 717 and 718 simulta-
neously go momentarily negative, the flipflop will change
state regardless of the state in which it was initially.

In order to simplify the following description of the
computer circuitry as much as possible, input terminal
717 will hereinafter be referred to as the “reference in-
put,” input terminal 718 the “prime input,” output ter-
minal 719 the “reference output,” and output terminal
728 the “prime output.”

In (c), flipflop of type F3 is essentially the same as
F1 with the omission of base resistor 728, whereas, in (¢),
flopflop of type F5 is essentially the same as F1 with the
omission of base resistor 729. In (5), (d), and (f),
flopflops of type F2, F4, and Fé are essentially the same
as flipflops F1, F3, and F5, respectively, except for the
addition of clamping diodes 731 and 733, which are
utilized to fix the “OFF” level of the collector voltages
of transistors 722 and 723, respectively, as heretofore
stated, when the transistor is non-conductive. In (g),
flipflop of type F7 is essentially the same as flip-flop F1
with the omission of coupling condensers 735 and 737.

With reference to (h), there is shown a “single~shot”
type flipflop F8 which is somewhat of the same circuit
configuration as F1, except that in F8 there are omitted
base resistors 728 and 729, resistor 736, prime input ter-
minal 718, and reference output terminal 719. However,
there have been added a bias resistor 739, connecting the
base of transistor 722 with bias terminal 738, which has
a negative unidirectional operating potential applied
thereto, and a coupling condenser 752, coupling the base
of transistor 722 to reference input terminal 717.

The mode of operation of F8 is not, however, as
straightforward as the mode of operation of the just-
described flipflops. In F8, as a negative unidirectional
bias potential from terminal 738 is normally maintained
on the base of transistor 722, it is normally conductive
and thus maintains the base of transistor 723 substan-
tially at ground potential via resistor 734. The base of
transistor 723 being at ground potential, the transistor is
therefore mormally non-conductive, and, consequently,
the prime output at terminal 720 is normally FALSE.
However, when the reference input goes from FALSE to
TRUE (ie., at ground potential), the base of transistor
722 is momentarily driven positive by condenser 752, and
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thus transistor 722 is immediately cut off and applies a
negative potential spike via condenser 735 to turn on
transistor 723. When transistor 723 is rendered conduc-
tive, the prime output at terminal 720 immediately goes
TRUE. Since the charge on condenser 737 cannot
change instantaneously, the base of transistor 722 is
driven to some positive potential to maintain transistor
722 non-conductive even though the input signal at ter-
minal 717 is no longer present. After a predetermined
time delay, determined primarily by the discharge rate
of condenser 737, a negative bias potential again appears
on the base of transistor 722 to render it conductive.
When transistor 722 is rendered conductive, the base of
transistor 723 is momentarily driven positive and there-
after maintained essentially at ground potential by resis-
tor 734 to turn off transistor 723, and thus the prime out-
put at terminal 72¢ is again FALSE.

To summarize: The prime output is normally FALSE;
a positive-going reference input gives an immediate TRUE
prime output; however, after a predetermined time delay,
the prime output changes from TRUE back to FALSE.

In section (a) of FIG. 50, there is shown a 50-kc. multi-
vibrator building block (MV1) which comprises two
grounded-emitter transistors 722 and 723, each having its
collector ¢lectrode respectively connected, through drop-
ping resistors 725 and 727, to bias terminals 724 and 726,
which have negative unidirectional operating potentials
applied thereto. The collector output of transistor 722
is connected to the base input of transistor 723 via cou-
pling condenser 735, whereas the collector output of tran-
sistor 723 is connected to the base input of transistor 722
via coupling condenser 737. The base of transistors 722
and 723 are respectively connected through dropping resis-
tors 742 and 750 to bias terminals 741 and 749, each
having a negative unidirectional operating potential ap-
plied thereto. The base of transistor 722 is connected to
the cathode of crystal diode 748, whose anode is connected
to the junction of resistors 744 and 746. Resistor 744 is
connected at its opposite end to bias terminal 743, which
has a positive unidirectional operating potential applied
thereto, whereas resistor 746 is connected at its opposite
end to bias terminal 745, which has a negative unidirec-
tional operating potential applied thereto.

The mode of operation of multivibrator (MV1) is as
follows: When the circuit is first activated, the positive
unidirectional operating potential at terminal 743 is the
first to be turned on to apply a positive bias to the base
of transistor 722. Therefore, when the negative bias
potentials at 724, 741, and 749 are simultaneously turned
on, transistor 722 is rendered non-conductive, the refer-
ence output at terminal 719 is FALSE, and a negative
potential spike is applied to the base of transistor 723
via coupling condenser 735 to cause transistor 723 to
be conductive. When transistor 723 is rendered conduc-
tive, the prime output at terminal 720 is TRUE, and
condenser 737 begins to charge to a potential substantially
equal to the negative bias potential at terminal 741.
When condenser 737 is sufficiently charged, the potential
on the base of transistor 722 is nepative to the extent
that transistor 722 is rendered conductive, the reference
output goes from FALSE to TRUE, transistor 723 is
rendered non-conductive, and consequently the prime out-
put simultaneously goes from TRUE to FALSE. When
condenser 735 is sufficiently charged from the negative
source at terminal 749, the base of transistor 723 is then
negative to the extent that the transistor is rendered con-
ductive, the prime output goes from FALSE back to
TRUE, transistor 722 is rendered non-conductive, and
the reference output goes from TRUE back to FALSE,
This sequence of events is repeated at a rate defer-
mined by the time constants in the charging and dis-
charging paths of coupling condensers 735 and 737. In
the instant computer, multivibrator (MV1) operates at a
frequency of 50 kilocycles.

In (b), multivibrator (MV2) is essentially the same
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as (MV1) except that bias resistors 744 and 746 and
crystal diode 748 are omitted and replaced by coupling
condensers 752 and 753 respectively connected to the
base of transistors 722 and 723. A dropping resistor 754
is connected at one end to the junction of condensers
752 and 753 and is connected at the remaining end
thereof to input terminal 751.

Ignoring for the moment condensers 752 and 753 and
resistor 754, the mode of operation of multivibrator
(MV2) is substantially the same as that of (MV1), the
frequency of (MV2) being determined, as before, by the
time constants in the charging and discharging paths of
coupling condensers 735 and 737. In the instant com-
puter, multivibrator (MV2) operates at a frequency of
400 cycles per second. However, in order to synchronize
the change of state of the output of (MV2) with a “clock-
ing” network, to be described hereinafter, a “clocking”
signal from such network is fed as the input to terminal
751 of (MV2) and synchronization of the 400-cycle out-
put of (MV2) with the “clocking” network takes place.

Assuming that transistor 723 has just been rendered
conductive and transistor 722 has just been rendered non-
conductive, the base of transistor 722 is driven positive
via condenser 737, as previously described, and condenser
737 is now charging toward the negative potential at ter-
minal 741. At the same time, a rectangularly-shaped
clock pulse at input terminal 751 causes positive-going
and negative-going potential spikes to be superimposed
on the potential appearing on the base of transistor 722
in such a manner that, when the potential on the base of
transistor 722 is approaching the value sufficient to render
transistor 722 conductive, a succeeding negative-going
potential spike, caused by the clock pulse at terminal 751,
is sufficient to render transistor 722 conductive. Thus,
even though the time period of (MV2) is much longer
than that of the synchronizing clock pulse, the change of
state of (MV2) takes place at the same time the clock
input goes from TRUE to FALSE.

The singleshot flipflop of type F9, as shown in (c),
comprises a pair of grounded emitter transistors 722 and
723, whose collectors are individually returned to nega-
tive bias terminals 724 and 726 through dropping resistors
725 and 727, respectively. The base of transistor 722 is
returned to ground potential through resistor 729 and is
also connected to input terminai 717. The base of tran-
sistor 722 is further connected to the collector of tran-
sistor 723, whereas the base of transistor 723 is con-
nected to the collector of transistor 722 through series-
connected resistor 755 and condenser 735, the base of
transistor 723 being further connected to a negative bias
terminal 749.

The mode of operation of flipflop F9 is essentially the
same as that of the previously-described flipflop F8, and,
consequently, a further detailed description thereof is not
deemed necessary. The essential difference between F9
and F8 is that in F9 the mode of triggering is such that
a momentary negative-going potential at input terminal
717 causes a change of state of the flipflop, whereas in
flipflop F8 a momentary positive-going potential at input
terminal 717 causes a change of state thereof.

Flipflop of the F10 type, as shown in (d), is of sub-
stantial identical circuit configuration with F9, except for
the addition of bypass condenser 756, which bypasses to
ground undesirable extraneous signals. Flipflops F11
through F13 are essentially the same as the previously
described flipflops. The main difference is the addition
of a third transistor 758, which is connected in series with
the emitter circuit of transistor 722, In a sense, transis-
tors 722 and 758 operate together in the form of a tran-
sistor type of logical AND circuitry, in that it is neces-
sary for both to be conductive in order for the reference
output to be TRUE. As is evident from the previous
description, this can happen only when the inputs to both
of terminals 717 and 751 are simultaneously negative.
Flipflop of type F14, shown in (h), is essentially the
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same as the previously described F1 type, except for the
omission of base resistors 728 and 729. Flipflop of type
F15 is essentially the same us flipflop of type F8, except
that in F15 condenser 735 is removed.

15. Miscellancous Building Blocks

With reference to (a) and (b) of FIG. 51, there are
shown two types of pulse-shaping triggering circuits TC1
and TC2 which are utilized to provide “spike-type” trig-
gering impulses for the various flipflops, in (¢) and (d)
are simple resistor-condenser networks, and in (f) is
shown a resistor-condenser filter and biasing circuit which
is used in conjunction with the various push-button con-
trols, all of which are to be further shown hereinafter.
As the modes of operation of the various types of circuitry
(a) through (d4) and (f) are well known to those skilled
in the art, a detailed description thereof is not deemed
necessary for a full and complete understanding of the
present invention.

As previously described with respect to FIG. 7, photo-
cell 160 is utilized in conjunction wiih the auxiliary timing
rack 151 and light source 164 to provide electrical im-
pulses which are indicative of the change of position of
the accounting machine amount racks. In section {g) of
FIG. 51 there is shown a photocell circuit configuration
(PCA) utilizing photocell 160 as the controlling eiemeint
therein. In such circuitry, the anode of photocell 160 is
grounded, and its cathode element is connected to output
terminal 793. The cathode of photocell 160 is also con-
nected through dropping resistor 727 to bias terminal 796
having a positive unidirectional operating potential ap-
plied thereto. The anode of crystal diode 795 is con-
nected to the junction of output terminal 793, resistor
797, and photocell 169. Its cathode is bypassed to ground
potential through condenser 799. The cathode of diode
795 is also connected to input terminal 792 through drop-
ping resistor 794, and resistor 808 is connected between
input terminal 792 and ground potential. As will be
seen later, input terminal 752 is adapted to be selectively
“open-circuited” or “short-circuited”; when open-circuited,
the resistance between terminal 792 and ground is de-
termined by the value of resistor 800, whereas, when
short-circuited, the resistance between terminal 792 and
ground is zero.

The mode of operation of (PCA) is somewhat straight-
forward. Assuming that terminal 792 is open-circuited
and photocell 160 is non-exposed to the radiant energy
from light source 164, the internal resistance of photocell
160 is at a maximum value such that the output poten-
tial at terminal 793 is at a maximum positive level. How-
ever, when photocell 160 is exposed to the radiant energy
from light source 164, its internal impedance is decreased
to a low value, and, consequently, the output at terminal
793 is decreased to a smaller value of positive potential,
As will be seen later, the output from terminal 793 is nor-
mally fed as an input to a previously described inverter
type amplifier which establishes the proper TRUE and
FALSE logic signal levels in a well-known manner. The
value of resistor 797 is properly chosen so as to be sub-
stantially greater than the value of resistor 794. Con-
sequently, when input terminal 792 is short-circuited to
ground potential, the output signal level at terminal 793
drops essentially to zero potential whether or not photo-
cell 160 is exposed to light source 164,

With reference to FIG. 51¢, a second type of photocell
circuit configuration includes a transistor 650 having its
emitter electrode connected to output terminal 652 and
having its collector electrode connected through dropping
resistor 655 to bias terminal 656, which has a negative
unidirectional operating potential applied thereto. The
base electrode of transistor 650 is connected to the junc-
tion of the anode of photocell 681 and bias dropping re-
sistor 661, the opposite end of resistor 661 being con-
nected to bias terminal 662, which has a positive unidirec-
tional operating potential applied thereto. The cathode
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of photocell 681 is connecied directly to bias terminal
684, which has a negative unidirectional operating poten-
tial applied thereto.

The mode of opcration of such a circuit configuration
is as follows: When photocell 681 is non-exposed to ra-
diant energy, so that its resistance is at a maximum value,
the potential on the base of transistor 650 is at a maxi-
mum positive value, and transistor 650 is thercby ren-
dered non-conductive. However, when photocell 681 is
exposed to radiant energy, its resistance is reduced to a
substantially low value, so that a negative potential from
terminal 684 is applied to the base of transistor 650 and
thereby renders transistor 630 conductive.

In section (/1) there is shown a photocell pre-amplifier
circuit configuration (PCPA) which comprises a transis-
tor 8§82 having its collector electrode connected to bias
terminal 803, which has a negative unidirectional operat-
ing potential applied thereto. The emitier thereof is di-
rectly connected to output terminal 861 and is also con-
nected through series dropping resistor 895 to bias termi-
nal 894, which has a positive unidirectional operating
potential applied thereto. The base clectrode of transis-
tor 862 is connected to one electrode of photoresistive
clement 886, whose remaining electrode is bypassed to
ground potential through condenser 807. The junction
of condenser 807 and photoresistor 806 is connected to
the junction of resistors 808 and 809, remaining end of
resistor 889 being grounded and the remaining end of
resistor 808 being connected to bias terminal 810, which
has applied thereto a negative unidirectional operating
potential.

The mode of operation of photocell pre-amplifier
(PCPA), again, is somewhat similar to the mode of oper-
ation of (PCA), previously described. When photore-
sistor 806 is exposed to radiant cnergy from a suitable
light source, its internal resistance becomes a very low
value, and, consequently, a negative potential is applied
to the base of transistor 862, so that the output potential
at terminal 891 is substantially that which appears on
the base thereof, all in the same manner as previously
described with respect to emitter-follower E2 shown in
section (b) of FIG, 47B. However, when photoresistor
806 is not exposed to radiant energy, transistor 802 is
virtually non-conductive, and the polarity of the output
potential at terminal 801 is positive. As before stated
with respect to photocell network (PCA), the output at
terminal 801 appears as an input to a sujtable amplifier
which establishes the proper TRUE and FALSE logical
signal levels.

With reference to section (/) of FIG. 51, there is illus-
trated a “peak-detector” circuit configuration PD which is
utilized to detect the peaks of negative-going impulses,
the reasens for which will become more apparent here-
inafter. Such a detector comprises a grounded-emitter
transistor 813, whose collector electrode is connected to
output terminal 812 and is also connected through drop-
ping resistor 815 to bias terminal 814, which has a nega-
tive unidirectional operating potential applied thereto.
The base input of transistor 813 is returned to ground
potential through series-connected resistors 816 and 817,
and is also connected to one end of a parallel-connected
condenser and resistor network 818—819. The opposite
end of the condenser-resistor network $18—819 is con-
nected to the anode of crystal diode 820, whose cathode
is coupled to input terminal 811 through condenser 825.
The junction of condenser 825 and crystal diode 820 is
connected through series-connected resistors 822 and 823
to bias terminal 824, which has a positive unidirectional
operating potential applied thereto. Finally, a resistor
821 is connected between the junction of resistors 822—
823 and the junction of resistors §16—817.

The relative values of the various resistor components
are properly chosen so that a relatively small-valued
positive bias appears on the base of transistor 813 to
render the transistor normally non-conductive, so that
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the output at terminal 812 is normally FALSE (i.e., nega-
tive). However, a positive bias of slightly greater value
appears on the cathode of crystal diode 820 to “back-
bias” and thereby render diode 820 non-conductive.
Thus, when the leading slope of a negative-going impulse
appears at input terminal 811, crystal diode 820 remains
non-conductive until the leading slope reaches a predeter-
mined threshold level, thereby preventing any undesir-
able low-level noise impulses from entering the system.
However, after the leading slope of the negative-going im-
pulse exceeds the negative threshold level, diode 820 is
rendered conductive, the incoming impulse is differen-
tiated, and the negative-going potential “spike,” derived
from the differentiation, is applied to the base of tran-
sistor 813 and simultaneously begins to charge condenser
818. When the negative-going spike is applied to the
base of transistor 813, the transistor is rendered conduc-
tive, and the output at terminal 812 is thereafter TRUE.
However, when the peak of the negative-going impulse
begins to appear at terminal 811, the slope of the impulse
is now much less than before, so that condenser 818
begins to discharge and thereby decreases the magnitude
of the negative bias potential on the base of transistor
§13. When the peak of the incoming impulse appears at
terminal 811, its slope being zero, condenser 818 is now
fully discharged, and a positive bias is applied to the base
of transistor 813 to render the transistor non-conductive.
As a result, the output at terminal 812 reverts from a
“TRUE” condition back to a “FALSE” condition at a
time coincidental with the arrival of the negative peak
of the incoming impulse.

During operation of the memory of the present com-
puter, it was found that, when the ambient temperature
of a ferromagnetic memory core is incrcased above nor-
mal room temperature, less drive current is needed to
“switch” the core from one stable state of magnetic rema-
nence to the other. Conversely, when its opcrating tem-
perature is decreased, a drive current of greater magni-
tude is necessary. Consequently, means are provided for
automatically increasing and decreasing the drive current
to the memory, depending upon whether its temperature
has respectively decreased or increased above nominal
room temperature.

With reference to the final building block in section
(j), there is shown a temperature-compensated current
regulator (TCCR) which comprises a current control sec-
tion 840, a regulator section 841, and a “dummy load”
voltage section 842. The current control section 840 com-
prises a transistor 827, whose base is connected to the
anode of a “Zener’ diode 833, the cathode of diode 833
being returned to ground potential. The emitter of tran-
sistor 827 is connected to terminal 867 and is also returned
to ground potential through resistor 835, The collector
and base electrodes of transistor 827 are respectively re-
turned to bias terminal 832 through resistors 831 and
834, bias terminal 832 having a suitable negative operat-
ing potential applied thereto. Two series-connected
thermistors 829 and 839 are connected between terminal
868 and ground potential, whereas resistor 836 is con-
nected between terminal 868 and the anode of “Zener”
diode 837, the cathode of diode 837 being returned to
ground potential. A dropping resistor 838 is connected
between the junction of resistor-diode 836—837 and bias
terminal 839, which has a suitable negative unidirectional
operating potential applied thereto.

Regulator section 841 comprises a transistor 828 hav-
ing its collector electrode connected to terminal 867, the
base electrode connected to terminal 868, and the emitter
electrode connected to the base of transistor 844. The
emitter of transistor 844 is returned to ground potential
through resistor 849 and also through series-connected
resistor 850 and potentiometer 851. The collector of
transistor 844 is connected to output terminal 843 through
dropping resistor 845, and is also connected through drop-
ping resistor 846 to the anodes of parallel-connected crys-
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tal diodes 847 and 848. FEach cathode of diodes 847
and 848 is connected to terminal 869, which is bypassed
to ground potential by means of filter condenser 860.

The dummy-load voltage section 842 of the current
regulator comprises transistor 852, whose emitter is con-
nected to terminal 869 and is also returned to ground
potential through resistor 859, which is bypassed by con-
denser 866. The collector of transistor 852 is connected
through dropping resistor 857 to bias terminal 856, which
has a suitable negative unidirectional operating potential
applied thereto. The base of transistor 852 is connected
to the emitter of transistor 853 and is also connected
through dropping resistor 855 to bias terminal 854, which
has a negative unidirectional operating potential applied
thereto. The collector of transistor 853 is directly con-
nected to bias terminal 865, which has a negative unidi-
rectional operating potential applied thereto, whereas its
base is connected to the movable arm of potentiometer
861. One end of potentiometer 861 is returned to ground
potential through resistor 862, and its opposite end is con-
nected through resistor 863 to bias terminal 864, which
has a negative unidirectional operating potential applied
thereto.

During operation, thermistors 829 and 830 are physical-
ly positioned in close proximity to the memory matrix,
and, being in such contiguous relationship with respect
to the ferrite cores of the memory, the resistance of each
thermistor either increases or decreases in response to a
corresponding decrease or increase of the operating tem-
perature of the memory cores. ‘“Zener” diode 833 main-
tains a regulated bias potential of approximately —6
volts on the base of transistor 827, and, as transistor 827
is being operated as an emitter follower type amplifier,
a regulated collector bias potential of approximately —6
volts is also applied to the collector of transistor 828,
which is likewise operating as an emitter follower type
amplifier. “Zener” diode 837 maintains a regulated bias
potential of approximately —6 volts at the junction of
resistors 836 and 838. Consequently, the variation of
bias potential on the base of amplifier 828 is dependent
solely upon the combined values of the resistances of
thermistors 829 and 830, which, in turn, are dependent
upon the operating temperature of the computer memory.
Therefore, it is evident that the negative bias voltage on
the base of transistor 844 is likewise dependent primarily
upon the operating temperature of the computer memory.

During operation of the computer, there are times when
there is no information either being “stored” or being
“read out” of memory. Consequently, there are times
when transistor 844 is not supplying any drive current to
the memory. Due to the fact that the “alpha cut-off”
characteristic of transistor 844 is less than one megacycle,
its switching speed is no sufficient for the desirable switch-
ing requirements of the ferrite cores. Therefore, tran-
sistor 844 is maintained conductive at all times, and its
output current is switched to the ferrite cores, when
needed, or is adsorbed by dummy load 842, as the situ-
ation dictates.

The two emitter follower type amplifiers 852 and 853
of dummy load 842 function together essentially as a
600 ma. low impedance bias supply and provides a bias
potential of approximately —8.5 volts at terminal 869,
depending upon the setting of potentiometer 861, which
adjusts the magnitude of the output voltage. Under the
condition in which the various memory “driver” and
“grounder” amplifiers, which are to be described in detail
hereinafter, are non-conductive, diodes 847 and 848 are
biased in the forward direction by the negative potential
at terminal 869, and, consequently, the drive current, de-
livered by transistor 844, passes through diodes 847 and
848 and is adsorbed by the dummy load. However,
when the memory drivers and grounders are rendered
conductive, the collector bias voltage on transistor 844
becomes approximately —10 volts and, consequently, is
then more negative than the bias voltage at terminal 869.
Therefore, diodes 847 and 848 are rendered non-conduc-
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tive and prevent any further drive current from flowing
therethrough. As a result, all of the drive current sup-
plied by transistor 844 flows from terminal 843 and is
delivered to the memory drivers and grounders.

The emitter bias on transistor 844 is adjusted by po-
tentiometer 851 so that a “half-select” drive current of
approximately 170 ma. is delivered thereby at a core op-
erating temperature of 30 degrees centigrade. However,
due to the action of thermistors 829 and 839 as previously
described, the base bias on transistor 844 is automatically
adjusted so that a range of “half-select” drive currents of
from approximately 145 ma. at a temperature of 50 de-
grees centigrade to approximately 210 ma. at a tempera-
ture of 20 degrees centigrade is supplied to the memory
cores via the driver and grounder amplifiers. Due to
the fact that transistor 844 is operating as a Class-A
amplifier, a constant current is supplied thereby at a given
temperature even with changing load conditions thereon.
Thus it is seen that transistor 844 is continually supplying
a constant current for a given temperature, which current
is automatically switched from the memory drivers and
grounders to the dummy load, and the magnitude of
current not varying substantially with a switching of loads.

In the instant computer, it is necessary to utilize three
such constant-current regulators: one is utilized to supply
half-select drive current to the ferrite cores located in ad-
dresses “A” and “B” of the memory; one is utilized to
supply half-select drive current in the “X” direction
through the memory cores located in each of the forty
rows; and the other is utilized to supply half-select drive
current in the “Y” direction through memory cores in
addresses ¢¢ through 99, all of which will be described
in detail hereinafter. However, to avoid the necessity of
constructing three identical temperature-compensated cur-
rent regulators, as just described, it has been found ex-
pedient to construct but a single current regulator which
is substantially identical to the one shown and described,
with the exception that three identical regulator sections
841 are utilized instead of one, and all three are con-
nected in parallel at terminals 867, 868, and 869. Output
terminal 843 of each of the three regulator sections is
connected to one of lines “CRA," “CRX,” and “CRY”
shown in FIGS. 60 and 66. However, for the sake of
simplicity of description and illustration, each of the tem-
perature-controlled current regulators 7000, 7001, and
7002 is illustrated as separate units even though, in fact,
all are part of a composite unit as just described.

16. Magnetic Core Memory

As previously mentioned, binary information is mag-
netically stored in the computer in a ferrite core memory.
The core memory consists of a multiplicity of toroidally-
shaped cores which possess a substantially square mag-
netic hysteresis-loop characteristic. Each core has an
outside diameter of .080 inch and an inner diameter of
050 inch, and is approximately .025 inch thick. It is
well known to those skilled in the art that, due to the fact
that the ferrite core possesses a substantially square hys-
teresis loop characteristic, it therefore has two stable states
of magnetic remanence, each of which is respectively in-
dicative of a binary “one” and a binary “zero.” If a
current-carrying conductor is threaded through the hole
in the core, current in one direction through the conductor
causes the core to be permanently magnetized in one di-
rection, whereas current flow in the opposite direction
through the conductor causes the core to be permanently
magnetized in the opposite direction. Thus, a core is
permanently magnetized in one direction or the other, de-
pending upon the direction of current flow in the con-
ductor threaded through the hole in the core. To sum-
marize, when a core is magnetized in one direction, it
represents a binary “ome,” and when the core is mag-
netized in the other direction it represents a binary “zero.”
Four cores are utilized as a group to collectively represent
a single decimal digit, although, with the use of the binary
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form of notation, each group of four cores could possibly
represent a number from “0” to “15.” However, in the
present computer, only the numbers “0” through “9” are
actually stored in the memory.

In order to reverse the magnetic remanence of the core
from a binary one to a binary zero notation, or from a
binary zero to a binary one by reversing the direction of
magnetization thereof, a magnetomotive force of approxi-
mately three hundred and sixty milliampere turns is re-
quired at 25 degrees centigrade. This is obtained by
the equivalent of passing 360 milliamperes of current
through a single conductor threaded through the aperture
of the core. A magnetomotive force of one half this
value—i.e., 180 milliampere-turns—does not appreciably
disturb the magnetic remanence of the core.

After a core has been magnetized in a predetermined
direction to represent a binary “one” or a binary “zero,”
it remains in that state of magnetic remanence indefinitely.
The magnetic Temanence state of the core is reversed only
by a “full-amplitude” current impulse passing through the
conductor threaded through the core. However, at cer-
tain predetermined times, it is necessary to “read” or
determine the siate of magnetic remanence of each core.
Therefore, an additional conductor or “sense wire” is also
threaded through the core aperture, so that, whenever
the magnetic state of the core is changed from a binary
“zero” to a binary “one” representation, or from a binary
“one” to a binary “zero” representation, a voltage impulse
is induced in the “sense wire” indicative of the reversal
of magnetic remanence of the core. Thus it is seen that
an impulse is induced in the “sense wire” only when
the magnetic state of the core is reversed. In order to
determine whether a particular core has been previously
magnetically conditioned to represent a binary “one” or
a binary “zero,” a full-amplitude current of approxi-
mately 360 milliamperes is sent through the first-men-
tioned conductor in a direction to “set” the core to a binary
“zero” representation. However, if the core had been
previously set to a binary “zero” representation, a voltage
impulse is not induced in the “sense wire.” However,
if the core was previously in a binary “one” representation,
its magnetic remanent state is reversed, and, consequently,
a voltage impulse is induced in the “sense wire” indica-
tive of the reversal of the magnetic state of the core.
Afier the magnetic state of the core is sensed, however,
its magnetic state is immediately thereafter indicative of
a binary “zero” representation regatrdless of its imitial
state. Tt is therefore necessary to resore the core to its
original magnetic state normally by sensing a full-ampli-
tude current impulse through the first-mentioned conduc-
tor to set the core back to a binary “one” representation
if the core was previously in that particular state.

The core memory, utilized by the instant computer,
has a capacity of one hundred ten-decimal-~digit numbers
which are hereinafter termed “words.” Due to the fact
that a negative word is stored in the memory asa positive
complement, there is no need for a binary sign bit, as is
conventional in most computers. A word is selectively
stored in the memory in one of a hundred different loca-
tions which are called “addresses” and which are num-
bered from ¢¢ through 99. In addition to the one hun-
dred normal addresses, there are two additional addresses
labeled “A” and “B.” The words stored in addresses ¢¢
through 99 not only represent arithmetic data, but also
represent “instructions” which are utilized by the com-
puter to dictate the sequence of operations therein. The
words previously stored in addresses ¢¢ through 99 of
the memory may be changed by instructions given by the
computer; however, the words located in addresses A and
B are used by the computer to store intermediate results
during arithmetic computations and cannot be changed
directly by instructions,

With reference to FIGS. 52a and 525, there is sche-
matically shown the ferrite core memory utilized by the
present computer. Such a memory comprises four thou-
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sand and eighty type N~400-080 ferrite cores at present
manufactured by the assignee of the instant application.

The ferrite cores of the memory are selectively arranged
in a pattern of rectangularly-shaped configuration hav-
ing one hundred two vertical columns and forty horizontal
rows thereof. The first one hundred columns, as viewed
from left to right, respectively represent memory address
locations g¢ through 99, whereas the two remaining right-
most columns respectively represent address locations A
and B. In each of the columns, from the topmost to the
bottommost core, the forty cores are arranged in a suc-
cession of ten groups, with each group containing four
cores. [Each group of four cores is representative of a
decimal digit of a predetermined order, whereas all of
the groups of a particular column collectively represent
all of the orders of a word ten decimal digits in length,
Each of the ten successive decimal digits of the word lo-
cated in any address is respectively identified as the “first-
order” digit through the “tenth-order™ digit, where the
first order is the lowest or “penny” digit and the tenth
order is the highest order digit of the number or word.
The four cores used to store the first-order digit of a
word which is residing in an address in the memory
are located in the first row through the fourth row, count-
ing from bottom to top. The four cores used to store
the second-order digit of the word are located immedi-
ately above in the fifth through the eighth rows; in the
drawing, only the fifth and eighth rows are shown, rows
six and seven being omitted for the sake of simplicity.
The four cores used to store the third-order digit are
located immediately above in rows nine through twelve,
where rows nine and twelve are the only ones illustrated,
rows ten and eleven being omitted for the reasons just
mentioned. The location of each higher-order digit
progresses upward, as just described, so that the tenth
or highest-order digit is located at the top of the col-
umn in the last four rows shown; i.e., thirty-seven through
forty. Therefore, it is seen, the maximum storage in
each memory address is a ten-digit number which will
hereinafter be called a “word,” the lowest-order digit
thereof being located at the bottom of each address and
the highest-order digit thereof being located at the top
of each address,

As the instant computer utilizes the well-known “8421
binary-coded-decimal-digit” system of numerical represen-
tation, each of the four cores in a group making up a
particular order decimal digit of the word is known as a
“binary-bit.” 'The binary-bits are consecutively labeled
(a), (b), (c), and (d), where bit (a) is the lowest-order
of representing a particular order numerical digit hav-
in rows #1, #5, #9, and #37, and bit (d) is the highest-
order bit represented by the magnetic state of the cores
located in rows #4, #8, #12 . . . and #40. As pre-
viously mentioned, each group of four cores is capable
of representating a particular order numerical digit hav-
ing a value from “0” through “9.” For example, to
represent a decimal digit having a value of “0,” all of
the four cores in a group are selectively set to binary
bit representations (0000); for a decimal digit having a
value of “1,” the cores are set to (¢001) binary bit repre-
sentations; a decimal digit having a value of “2,” the cores
are set to bit representations (0010); a “3” is represented
by (0011); “4” by (0100); “5” by (0101); “6” by
(0110); “7” by (0111); “8” by (1000); and finally, to
represent a decimal digit having a value of “9,” the cores
are sequentially set to binary bit representations (1001).

To illustrate, supposing that the word GO00C00695 is
stored in memory at address ¢¢. In the leftmost vertical
column, the four lowermost cores, indicated by reference
numerals 885 through 888, are respectively conditioned to
collectively represent binary bits (0101) indicative of the
first-order digit “5.” In other words, core 885, repre-
sentative of binary bit “a,” is set to binary “1”; core 886,
representative of binary bit “4,” is aiso set to binary “0”*;
core 887, representative of binary bit “c,” is set to binary
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“1"; and, finally, core 888, representative of bit “d,” is
set to binary “0” representation. Collectively, the mag-
netic state of cores 885 through 888 represents the penny
digit “5.” The next group of four cores, located directly
above group 885 through 888, are set to binary bit rep-
resentations (1001) and collectively represent the second-
order decimal digit “9.” The next group of four cores are
set to binary bit representations (0110), collectively rep-
resenting the third-order decimal digit “6.” All of the
remaining cores in address ¢g are individually set to
binary “0” representations.  Thus, with the non-significant
decimal digits removed, the word becomes “695.”

In one mode of operation, when a column of cores is
to be “read out” to determine the word stored in that par-
ticular memory address, the cores are sequentially read,
one at a time, starting with the core at the bottom of the
address and concluding with a core at the top of the ad-
dress. For example, in address ¢¢, core 885 is read first
to produce the binary value of bit “s” of the first-order
digit; core 886 is read next to produce bit “b” of the first-
crder digit; core 887 is read next to produce bit “c”; and
care 888 is next read to produce bit “4” of this digit.
The next four bits, representing the second-order digit,
are successively read out, and the remainder of the bits
for successive higher-order digits are thereafter sequen-
tially read out in the same sequence, concluding with bit
“d” of the tenth-order decimal digit.

After a core has been read out, it is generally desired to
restore the core to its original magnetic state as before
being read. That is, after each bit-representing core is
read out, if the core was originally set to represent a
binary “1,” the core is returned to the “1” state following
reading thereof. Therefore, following the reading of
cach bit, a predetermined unit of time is permitted to
lapse before the next bit is read out; it is during this time
lapse that the core, just read, is returned to the “1” state
if it had previously been set to that state.

For the sake of simplicity of the following descrip-
tion, the vertical or column orientation of the memory
will hereinafter be termed the “Y” direction, and the
horizontal or row orientation will hereinafter be termed
the “X” direction.

Even though, in reality, each of the memory cores
has five conductors threaded therethrough for purposes
to be more fully described hereinafter, only three of
these conductors are to be considered at this time in de-
scribing a mode of operation of the memory in terms
of the electrical schematic diagram thereof shown in
FIG. 52. The first of the three just-mentioned conduc-
tors is a “semse winding” 871, which starts at terminal
872 at the lower left corner of the memory and is alter-
nately threaded through each row of cores bounded by
address ¢¢ through 99. As shown, sense winding 871
is successively threaded from left to right through all
of the cores of the first row, is threaded from right to
left through the cores of the second row, from left to
right through the third row, and alternately continues
on from row to row. Finally, sense winding 871 is
threaded from right to left through the topmost or for-
tieth row of cores, and terminates at terminal 873. All
of the cores in address ¢¢ are threaded in the “Y" di-
rection by common current-carrying conductor 878,
which is shown positioned to the left within the aper-
tures thereof. Also, all of the cores located in the first
row bounded by address ¢¢ and address “B” are threaded
in the “X" direction by a common current-carrying con-
ductor 879, which is shown centrally positioned within
the apertures thereof, address “B” being the rightmost
one of the memory addresses.

It will now be assumed that it is desired to read out
the contents of address ¢¢. Thus, in order to read bit
“a” of the first-order decimal digit of the word stored
in address ¢¢, a half-amplitude or “half-select” current
impulse is delivered to conductor 878, and, simultape-
ously therewith, a half-select current impuise is present
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in conductor 879. The two half-select impulses are in
such directions that the magnetomotive forces associ-
ated therewith are additive in the region of core 885,
with the resultant force being of sufficient magnitude to
magnetically saturate the core in a direction indicative of
a binary “zero.” Due to the fact that core 885 is the
only core in the entire memory that has received the
necessary magnetomotive force to cause a reversal of its
magnetic state, all of the remaining cores essentially re-
main magnetically undisturbed. It is known that when-
ever the state of magnetic remanence of any one of the
memory cores is reversed, a voltage impulse is induced
thereby in sense winding 871. However, due to the fact
that in the present memory only one core at a time is
sensed, there is no ambiguity as to which core was re-
sponsible for the impulse induced in the sense winding.

Therefore, if core 885, whose magnetic state is in-
dicative of bit “&” of the first-order digit of the num-
ber, is storing a binary “1,” its magnetic state is re-
versed by the coincidental “X” and “Y” read impulses,
and, consequently, a voltage impulse appears between
terminals 872—873 of the sense winding 871, indicating
that core 885 was previously storing a binary “1.” 1If
core 885 had previously been storing a binary “0,” how-
ever, a voltage impulse does not appear across the output
terminals of the memory sense winding, thus indicating a
binary “0” storage.

After core 885 has been read, its magnetic state is
thereafter indicative of a binary “0,” as previously men-
tioned. Thus, if the magnetic state of the core was in-
dicative of a binary “0” before being read, there is no
need for “reseiting” the core after it is read. However,
if the state of the core was indicative of a binary “17
before being read, it is often necessary to “reset” the
core to a binary “1” representation after it has been read.
To do this, the directions of both of the current impulses
applied through the “X” and “Y” conductors are effec-
tively reversed simultaneously. This causes a corre-
sponding reversal of the additive magnetomotive force
in the vicinity of the core, which reverses the magnetic
state thereof. Again, as only a half-select current im-
pulse is applied to each of the “X” and “Y” conductors,
core 885 is the only core in the entire memory that is
magnetically affected thereby.

Now that core 885 has been read and afterwards re-
set to its initial state, core 886 is read next to determine
the binary value of the bit “b” of the first-order digit of
the word. Again, a half-select current impulse is ap-
plied in the “Y” direction to conductor 878, and, essen-

tially, a half-select current impulse is simultaneously ap- ;

plied in the “X” direction to the conductor of the second
row corresponding to 879. As before, both half-select
currents are in such directions to effect storage of a bi-
nary “0” in core 886. If the state of core 886 was in-
dicative of a “1” before being read, the current in each
of the “X” and “Y” conductors threaded therethrough
is reversed to reset core 886 to “1” after it is read. This
reading and writing sequence of operation is sequential-
ly continued from core to core until all forty cores of
address ¢¢ have been read and thereafter restored to
their respective magnetic states.

The just-described combined reading and writing cycle
of operation of each core is hereinafter called a “read-
write” cycle. The time required to complete a read-
write bit cycle in the instant computer is approximately
40 microseconds. During the first 30 microseconds of
the read-write cycle, the core is set to a binary 0 rep-
resentation; during the remaining 10 microseconds of
the cycle, the core is often reset to a binary “1” represen-
tation if it was originally in that state. However, if the
core was originally in a binary “0” state before being
read, there is no resetting operation necessary during the
last 10-microsecond interval. Therefore, to read out an
entire ten-digit word from an address in memory re-
quires a total time of 40X40, or 1,600, microseconds.
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Due to the fact that, in the present memory, it is not
desired to reverse the current flow in a conductor, an
additional conductor is individually threaded in the “X”
direction through each of the rows of cores. This is
iltustrated by conductor 880, shown threaded through
the cores of the first row and disposed parallel with re-
spect to conductor 879, previously described. By the
same token, an additional conductor is also individually
threaded in the “Y” direction through the cores of each
of memory addresses ¢¢ through 99, and also addresses
“A” and “B.” This conductor is illustrated by conduc-
tor 881, shown threaded through the cores of address
¢¢ and disposed parallel with respect to conductor 878,
previously described. Thus, two conductors are threaded
in the “X direction and two conductors arc threaded
in the “Y” direction through each of the cores of the
memory; each of the four wires transmits current in only
one direction, as will be shown hereinafter. The fifth
wire through memory cores in addresses ¢g¢ through 99
is sense wire 871, heretofore described. A separate
sense winding 891, which originates at terminal 892 and
{erminates at terminal 893, is alternately threaded, in
one direction and then the other, through the forty rows
of cores making up memory addresses “A” and “B” in
the same manner as memory sense winding 871.

Before attempting to give a more detailed description
of the memory, it is to be appreciated that each of the
rows of cores, from the first to the fortieth row, is con-
nected in a same circuit configuration with respect to the
others. Likewise, each of the columns of cores, from
addresses ¢¢ through 99 and including addresses “A”
and “B,” is also of the same circuit configuration with
respect to the others. Thus, a description and full com-
prehension of the mode of operation of address ¢¢ with
respect to the first row of cores for producing bit “a” of
the first-order digit of the word stored in address ¢¢
should suffice for the remaining bits of that digit, and also
the remaining digits of that word, As the mode of oper-
ation of address ¢¢ is exactly the same as that of the
remaining memory addresses, a further description of the
remaining addresses, again, would result only in unneces-
sary repetition. It is also to be appreciated that, in an
attempt to simplify the schematic representation of the
memory as shown in FIG. 52, addresses ¢¢ through ¢9
are consecutively shown, reading from the extreme left
to the right; addresses 1¢ and 19 are shown next, with
addresses 11 through 18 being omitted, as indicated by
the vertical “break” in the drawing between addresses 1¢
and 19; following in sequence are addresses 2¢, 29, 3¢,
39, 4¢, 49, 5¢, 59, 64, 69, 7¢, 79, 8¢ 89, and 9¢ through
99, and finally addresses “A™ and “B”; addresses 21-28,
31-38, 41-48, 51-58, 61-68, 71-78, and 81-88 are
omitted. Starting from the bottom of the drawing, the
first four rows are shown which make up the low-order
digit of the word stored in memory; rows #5 and #8 are
shown next, with rows #6 and #7 omitted as indicated
by the horizontal “break” in the drawing between rows
#5 and #6; following in sequence are rows #9, #12,
#13, #16, #17, #20, #21, #24, #25, #28, #29, #32,
#33, #36, and #37 through #40; rows #10-#11, #14-
#15, #1819, #22-#23, #26-#27, #30-#31, and
#34-#35 are omitted.

With particular attention directed to the first row of
cores, on emergence from the rightmost end of the first
row of cores, conductor 880 is connected to conductor
882, which passes below the first row and is connected at
its opposite end to line XDa, located at the bottom left
corner of the memory. The leftmost end of conductor
879 also is connected to line XDa, and its opposite end is
connected to the cathode of one of crystal diodes 876, its
anode being connected to line XG¢; and, finally, the re-
maining left end of conductor 880, on emergence from
the leftmost end of the first row of cores, is connected to
the cathode of one of crystal diodes 877, whose anode is
connected to line (XGg¢)'.
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Whenever line XDa is activated, that line is effectively
connected to a source of potential of approximately —12
volts. Thus, if line XG¢ is simultaneously activated
therewith, that line is effectively connected to terminal
843 of a temperature-compensated current regulator, of
the type previously described with respect to FIG, Slg,
so that a half-select drive current impulse flows from line
XGg through diode 876 from right to left through con-
ductor 879 and out at line XDa. However, if line
(XGo)’ is simultaneously activated instead of line XGg,
line (XGe¢)’ is effectively connected to terminal 843 of
the current regulator, so that a half-select current impulse
from line (XGg¢)’ flows through diode 877, thereafter
flows from left to right through the upper loop of con-
ductor 880, and is returned to line XDa by way of con-
ductor 882. Consequently, it is seen that, when line XDa
is activated, the half-select drive impulse flows in one of
two directions through the cores of the first row, depend-
ing upon whether XGo¢ or (XGg¢)’ was simultaneously
activated with line XDa.

The electrical connections for rows #2 through #4,
respectively representing bits “b,” “c,” and “d” of the
first-order digits of the words stored in memory, are
exactly the same as for row #1, the anodes of the four
crystal diodes 877 each being connected to line (XGg¢)'
and the anodes of the four crystal diodes 876 being con-
nected to line XG¢. When line XDb is activated, the line
is effectively connected to a potential source of —12
volts, as was line XDa. Thus, when line XGg is acti-
vated simultaneously with XDb, the half-select current
impulse flows from right to left through the cores of the
second row; if (XGg¢)’ is activated instead of XGg, a
half-select current impulse flows from left to right through
the cores of the second row. By the same token, if XDc
and XGg¢ are simultaneously activated, a half-select cur-
rent impulse flows from right to left through the third
row of cores; a simultaneous activation of XDc¢ and
(XGg¢)' effectively causes a reversal of current flow
through the third row of cores. Finally, XDd and XGg,
or XDd and (XGg)’ operate together to effectively send
a half-select impulse from right to left or from left to
right, respectively, through the fourth row of cores in
the same manner as just described.

As just described, the first four of diodes 877 (i.e., the
ones respectively associated with rows #1 through #4)
bhave their anodes connected together and returned to
line (XGg)’. The second group of four diodes 877, asso-
ciated with rows #35 through #8, of which only rows #35
and #8 are illustrated, all have their respective anodes
connected to line (XG1)’. The anodes of the third group
of diodes are each connected to line (XG2)’, the anodes
of the fourth group being connected to (XG3)’, and so
on up the column, with the anodes of the tenth group of
diodes 877 being connected to line (XG9)'. Also, as
shown, the left end of each of the conductors correspond-
ing to 879 and 882 associated with rows #1, #5, #9,
#13 ... #33, and #37, which rows successively corre-
spond to bit “a” of each successive-order decimal digit of
the word stored in memory, are connected together and
returned to line XDa. Likewise, although not fully illus-
trated, the left end of each of the conductors correspond-
ing to 879 and 882 but associated with rows #2, #6, #10,
#14 . .. #34, and #38, which rows successively corre-
spond to bit “»” of each successive-order decimal digit of
the word in memory, are connected together and returned
to line XDb. By the same token, although not fully illus-
trated, the left end of each of the conductors correspond-
ing to 879 and 882 but associated with rows #3, #7, #11,
#15 , . . #35, and #39, which rows successively corre-
spond to bit “c” of each successive-order decimal digit of
the word in memory, are connected together and returned
to line XDc. And finally, the left end of the conductors
corresponding to 879 and 882 but associated with rows
#4, #8, #12, #16 . . . #36, and #40, which rows suc-
cessively correspond to bit “d™ of each successive-order
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decimal digit of the word in memory, are connected to-
gether and returned to line XDd.

With respect to the vertically-disposed column of diodes
located to the right of address “B” and indicated as 876,
the first bottom group of four diodes thereof associated
with rows #1 through #4 each has its anode connected
to line XGg¢; the second group of four diodes 876 located
directly above the first group have their anodes returned
to common line XG1; the anodes of the third group of
diodes 876 are connected to line XG2, and so on, with
the anodes of the last four diodes 876 at the top of the
column and associated with rows #37 through #40 being
connected to common line XG9.

Referring to the lowermost row of diodes 874 located
below row #1, counting from left to right, the anodes of
the first ten of diodes 874 respectively associated with ad-
dresses ¢¢ through ¢9 are connected to line YG¢. With
respect to the next group of diodes 874 located immedi-
ately to the right of the first group of diodes and respec-
tively associated with addresses 11 through 19, of which
only addresses 11 and 19 are illustrated and addresses 12
through 18 are omitted, their anodes are connected to line
YG1; the anodes of the third group of diodes 874 respec-
tively associated with addresses 20 through 29 are con-
nected to line YG2; and so on, with the anodes of the
last group of ten diodes 874, respectively associated with
addresses 9¢ through 99, being connected to line YG9.
With respect to the upper row of diodes 875, which are
located directly above row #40, the first group of ten
diodes which are respectively associated with addresses
¢¢ through 99 have their anodes connected to line
(YG¢)' in the same manner as the lower row of diodes
874. The anodes of each successive group of ten diodes
875, counting from left to right, are respectively con-
nected to lines (YG1)’ through (YG9)’.

To complete the electrical connections to memory ad-
dresses ¢¢ through 99, the upper ends of vertical con-
ductors corresponding to 878 and 883, which are respec-
tively associated with addresses ¢¢, 1¢, 2¢, 3¢, . . . 8¢,
and 9¢, are connected to line YD¢. The upper ends of
vertical conductors corresponding to 878 and 883, which
are respectively associated with addresses 01, 11, 21,
31, . .. 81, and 91, are connected to line YD1, Only
addresses ¢1 and 91 of this group are illustrated, the re-
maining addresses of this group being omitted for sim-
plicity purposes. Likewise, the upper ends of vertical con-
ductors 878 and 883, which are respectively associated
with addresses ¢2, 12, 22, 32, . . . 82, and 92, are con-
nected to line YD2. This sequence of connections con-
tinues from lines YD3 through YD9, where YD9 is con-
nected to vertical conductors corresponding to 878 and
883, which are respectively associated with addresses ¢9,
19,29, 39, . . . 89, and 99,

To summarize: Selective energization of line YDg¢
essentially selects all addresess whose low-order digit is
a “0”; YD1 essentially selects all addresses whose low-
order digit is a “1”; YD2 essentially selects all addresses
whose low-order digit is a “3”; and so on from YD3
through YD9, where YD9 essentially selects all addresses
whose low-order digit is a “9.” Forgetting about “prime-
notations” for the present, selective energization of line
YG¢ essentially selects all addresses whose high-order
digit is a “0”; YG1 essentially selects all addresses whose
high-order digit is a “1”; YG2 essentially selects all ad-
dresses whose high-order digit is a “2”; and so on from
YG3 to YG9, where selective energization of line YG9
essentially selects all addresses whose high-order digit is a
“9.” Thus, suppose that it is desired to select a particular
address; say address 9¢. To accomplish this, YDg is ener-
gized corresponding to the low-order digit “0” of the ad-
dress, and, simultaneously therewith, YG9 is energized
corresponding to the high-order digit “9"” of the address.
Thus, when YD¢ and YG9 are simultaneously energized,
a binary “1” representative half-select current flows up-
wardly from line YG9 through all of the cores in address
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9¢ and out at line YD¢. To select address 99, YD9 and
YG9 are energized simultancously.

As far as “prime notations” are concerned, it is to be
pointed out at this time that throughout the electrical
circuitry of the computer signal lines bearing a “prime”
notation—i.e., (XGe¢)’ and (YG¢)’ et al—essentially
have diametrically opposite states or energization condi-
tions to their respective “primeless” counterparis; ie.,
XGg¢, YGé¢, et al. For example, lines (YG¢)’ through
(YG9)’ are effective to selectively send a half-select drive-
current impulse downwardly through any one of addresses
¢¢ through 99 to “half-select” a particular address to a
binary “0” representation, whereas lines YGg¢ through
YG9 are effective to send a half-select impulse upwardly
through any one of the same respective addresses to
“half-select” that particular address to a binary “1” repre-
sentation. It is also to be appreciated at this point that,
when the state of a signal line bearing a “prime” notation
is de-energized or is FALSE, the “primeless” signal line
counterpart is respectively “energized” or is TRUE, and
vice versa. In other words, when one is encrgized, the
other is de-energized; when one is TRUE, the other is
FALSE, etc.

In the “X” direction of the memory, line XDa selects
those ten rows corresponding to bit “a” of each order
decimal digit of the word; line XD#b selects those ten rows
corresponding to bit “6”; line XDc selects the ten rows
corresponding to bit “c”; and, finally, line XDd selects
the final ten rows corresponding to bit “d” of each order
decimal digit of the word. Lines (XGo)’ through
(XG9)’ are effective to send a half-select drive-current
impulse from left to right through any one of rows #1
through #40 to “half-select” a particular row to a binary
“0y* representation, whereas lines XGg through XGY are
effective to send a half-select impulse from right to left
through any one of the same respective rows to “half-
select” that particular row to a binary “1” representation.

Thus, combining “X” and “Y” selection of the memory,
in order to store a binary “1” representation in a core, say
core 885 as an example, which is located at the junction of
row #1 and address ¢¢, lines YDo¢, YGg¢, XDa, and
XGe¢ are all simuitaneously energized. To store a binary
“0” representation therein, lines YDg, (YGg)’, XDa, and
(XGg)’ are all effectively energized simultaneously. To
store binary information in core 886, line XDb is ener-
gized instead of line XDa. The manner of “X” and “Y”
selection of addresses “A” and “B” is exactly the same as
the manner of selection of memory addresses ¢¢ through
99, Consequently, further detailed description thereof is
not deemed necessary.

Before procecding further with the description of the
logical control circuitry of the computer, it is to be
pointed out that an attempt has been made to simplify
and thus alleviate the inberent complexity of the sche-
matic representation in order to facilitate a full and com-
plete understanding of the circuitry, both as to its organi-
zation and as to its mode of operation. For example,
throughout the drawings, all input lines are appropriate-
ly labeled and are positioned to the leftmost side of the
various building blocks previously described, and the var-
ious output lines thereof also are appropriately Jabeled
and are positioned to the rightmost side of the building
blocks. However, for illustrative purposes only, but a
selected few of the input and output lines are actually
shown connected. It is, of course, to be understod that,
in order to obtain a full and complete electrical circuit
diagram of the computer, it first is necessary to substitute
the appropriate type of building block circuitry (taken
from FIGS. 46 through 51) for each of the correspond-
ingly-labeled building blocks which are logically iilus-
trated throughout the drawings. Afterwards, all like-
labeled lines (whether input lines, output lines, or other-
wise) are to be connected together, thus forming a com-
plete circuit diagram from the schematic representation
thereof.
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17. X-Drivers

With reference to the lower right-hand section of FIG.
60, there are schematically illustrated four “X-drivers,”
which are utilized to selectively energize input lines XDa
through XDd, previously described in connection with
the core memory shown in FIG. 52. Each of the X-
drivers comprises a two-input logical AND of type “R1,”
an inverter amplifier of type “I12,” and an emitter fol-
lower amplifier of type “E3,” each connected in cascade
with respect to the others. More specifically, the X-
driver for bit “a” includes logical AND 1108, inverter
4237, and emitter follower 4250; the X-driver for bit
“p” comprises logical AND 1109, inverter 4238, and
emitter follower 4251; the X-driver for bit “c” comprises
logical AND 1110, inverter 4239, and emitter follower
4252; and, finally, the X-driver for bit “d” comprises
logical AND 1111, inverter 4250, and emitter follower
4253,

During a read-write cycle of operation for reading a
word from an address in memory, line SMC goes TRUE
for 1600 microseconds to allow line XDW to effectively
“condition” the selected X-driver to effectively be turned
“ON” at, and for, the proper amount of time. At 40
microseconds intervals, lines BaM through BdM sequen-
tially go TRUE for a period of 40 microseconds each, and
then respectively go FALSE. Consequently, at the be-
ginning of the read-write cycle, output line XDa is ener-
gized, and a potential of approximately —12 volts ap-
pears thereon. Line XDa stays energized for a maxi-
mum period of 40 microseconds and then is de-energized.
Forty microseconds after line XDa was first energized,
output line XD is energized for a maximum period of
4D microseconds, and then is de-energized. Forty micro-
seconds after line XDb was first energized, line XDc is
energized for a maximum period of 40 microseconds.
Finally, 40 microseconds after line XDc was first ener-
gized, line XDd is energized for a maximum period of
40 microseconds, lines XDa through XDd of FIG. 60,
of course, being identical to lines XDa through XDd of
FIG. 52, as previously stated. Thus it is evident, as a
maximum total time of 160 microseconds is required to
read each digit out of memory, that a maximum of 1600
microseconds is required to read a ten-digit number out
of a particular address in memory.

18, Bit-Counter

The bit-counter, logically shown in the upper portion
of FIG. 62, includes two type “F2” flipflops 6041 and
6042, connected as a scale-of-four binary counter, and
is utilized to select the binary bit of the word to be read
out of an address in memory during a read-write cycle,
as illustrated in the block diagram of FIG. 45. When
the computer is first turned “ON,” or when pushbutton
RS1 (FIG. 76) is actuated, flipflops 6041 and 6042 are
unconditionally set TRUE by reset line (RS)’ going
FALSE. That is, the states of flipfiops 6041 and 6042
are such that reference output lines BCa and BCb, re-
spectively therefrom, are TRUE, and prime output lines
(BCa)’ and (BCh)’ are both FALSE.

The bit-counter usually counts in a forward direction,
as will be shown later. However, there are times when
the bit-counter is required to effectively count in a re-
verse direction. When counting in a reverse direction,
the read-write word cycle begins by reading out the
high-order bit of the high-order digit; i.e., bit “d” of
digit #9. The signal which provides for this reverse
operation of the bit-counter comes from line DBD.
When line DBD is TRUE (line (DBD)’ thus being
FALSE), the bit-counter counts in a reverse direction.
Conversely, when line DBD is FALSE (line (DBD)’
thus being TRUE), the bit-counter counts in a forward
direction.

If it be desired that the bit-counter is to count in a
forward direction, lines (DBD)‘, BCqa, and BC) must
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first be TRUE. Therefore, as all three inputs to logical
AND 1158 are simultaneously TRUE, lines Bd and BdM
are also TRUE, the remainder of output lines Ba through
Be and BaM through BdM being FALSE. When input
line CYC goes from TRUE to FALSE, the prime inputs
to both of flipflops 6041 and 6042 go from TRUE to
FALSE. Consequently, both flipflops 6041 and 6042
change state, so that lines BCa and BCh go FALSE and
lines (BCa)’ and (BCbh)’ go TRUE. As lines (DBD)’,
(BCa)’, and (BCbd)’ are now TRUE, all of the inputs
to logical AND 1152 are simultaneously TRUE, and thus
output line Ba is TRUE, with the remaining outputs Bb
through Bd being FALSE. When line CYYC goes from
FALSE back to TRUE, the state of both flipflops remains
unchanged. However, when line CYC again goes from
TRUE to FALSE, the reference input to flipflop 6041
goes from TRUE to FALSE. At this time, lines BCa
and (BCbh)’ are TRUE, and lines (BCa)’ and BCh are
both FALSE. Thus, as inputs (DBD)’, BCa, and
(BCb)’ of logical AND 1154 are simultaneously TRUE,
output line Bb is TRUE, and remaining outputs Ba, Bc,
and Bd are FALSE. When line CYC goes from TRUE
to FALSE a third time, all input lines to logical AND
1156 are simultaneously TRUE, and output line Bce is
likewise TRUE, with lines Ba, B#, and Bd being FALSE.
Finally, when CYC goes from TRUE to FALSE a fourth
time, line Bd is TRUE, with lines Ba through Bc being
false.

To summarize, only readout line Bd is initially set
TRUE when the computer is first turned “ON” or when
pushbutton RS1 (FIG. 76) is actuated; the remaining
readouts, Ba through Be, are FALSE. At this time, for
each successive occurrence of a TRUE-to-FALSE re-
versal of line CYC, the bit-counter is incremented by a
count of one binary bit. Thus, with four such reversals
of line CYC, the bit-counter counts Ba, Bb, Be, and back
to Bd. When the bit-counter is to count backwards, line
DBD is rendered TRUE instead of line (DBD)’. Con-
sequently, at this time, line Ba instead of line Bd is
TRUE; remaining lines Bd through Bd are FALSE.
Thereafter, for each successive occurrence of a TRUE-to-
FALSE reversal of line CYC, the counter is decremented
by a count of one bit. Thus, with four such reversals of
line CYC, the bit-counter counts Bd, Be, B, and back to
Ba. It is to be appreciated, of course, that lines BaM
through BdM are at all times of the same state as lines
Ba through Bd, respectively. It is also to be appreciated,
as before stated, that lines BaM through BdM of FIG. 62
are tespectively identical to lines BaM through BdM of
FIG. 60 and anywhere else they may appear in the com-
puter circuitry.

19. X and Y Grounders

In the left portion of FIG. 66, there are diagrammati-
cally shown two sets of ten X-grounders, one set of ten
represented by output lines XGg through XG9, and the
other represented by output lines (XGg)’ through
(XGY9)’. Each of the twenty X-grounders comprises a
serially-connected network of a two-input logical AND
of type “R1,” an inverter amplifier of type “I12,” and an
inverter amplifier of type “I2." The emitter electrodes
of inverters 3268 through 3287 are connected together
and returned via line CRX to output terminal 843 of
temperature-compensated current regulator 7001, which
kas previously been shown and described in detail in con-
nection with section (g) of FIG. 51.

The mode of operation of each of the X-grounders
is somewhat straightforward. When both inputs to any
one of logical AND’s 1281 through 1300 are simulta-
neously TRUE, that particular AND circuit effectively
causes a constant-current operating potential of approxi-
mately —10 volts to be applied to its respective output
lead; ie., one of leads XGg through XG9 or (XGg)’
through (XG9)’.

The Y-grounders shown in the right section of FIG.
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66 are of essentially identical circuit configuration to
the just-described X-grounders, and, as their mode of
operation is also essentially the same as that of the
X-grounders, a detailed description thereof would result
in unnecessary repetition. The prime difference be-
tween the X and Y-grounders is that lines WR and
(WR)’ are individually ANDED with lines D¢M, D1
through D8, and D9M for the X-grounders and individu-
ally ANDED with lines Wi¢ through Wi9 for the Y-
grounders, lines D¢M, D1 through D8, and DIM being
the output leads of a digit counter to be described next.

20. Digit Counter

With reference to FIG. 63, there is shown a scale-of-
ten binary counter, herein called a “digit counter,” which
is utilized, among other purposes, to select a particular
order digit of the word stored in an address in memory.
The digit counter includes four type “F2” flipflops 6043
through 6046 effectively connected in cascade in a man-
ner such that, each time line AD goes from TRUE to
FALSE, the following takes place: flipflop 6043 changes
state; except during a so-called “recycling” mode of oper-
ation, which will be described hereinafter, flipflop 6044
changes state if the state of line Da goes from TRUE
to FALSE; flipflop 6045 changes state if the state of line
Db goes from TRUE to False; and flipflop 6046 changes
state if the state of line Dc goes from TRUE to FALSE.

For example, for a count of “0,” flipflops 6043 through
6046 are in a FALSE state; that is, their states are such
that lines De through Dd are FALSE and lines (Da)’
through (Dd)’ are all TRUE. If it is desired for the
digit counter to count in a forward direction (ie., 0, 1,
2,3,...7,8,9), line (DBD)’ is selectively set TRUE.
After flipfiops 6043 through 6046 are set FALSE, all
of the inputs to logical AND 1178 are simultaneously
TRUE. Thus, readout line D¢ is also TRUE and there-
by represents a count of “0,” Thereafter, the first time
line AD goes from TRUE to FALSE, flipflop 6043
changes state, and line D1, at that time, is the only read-
out line that is TRUE, thus indicative of a count of
“1.” 'The second time line AD goes from TRUE to
FALSE, flipflops 6043 and 6044 both change states, so
that line D2 is TRUE, with the remaining readout lines
being FALSE. The counting continues until a count
of “9” has been reached, as indicated by lines Dg and
Dd being TRUE. Thereafter, the next time line AD
goes from TRUE to FALSE, flipflops 6043 and 6046
both change state, so that lines Da through Dd are there-
alter FALSE and lines (Da)’ through (Dd)’ are there-
after TRUE, thus representing the original count of “0.”

‘When the computer is first turned “ON,” or when push-
button RS1 (FIG. 76) is actuated, the digit counter is
preset to a count of “9” by reset line (RS)’ going from
TRUE to FALSE. There is no need to preset the digit
counter to “9” at any other time, as it is always returned
to a count of “9” at the conclusion of every “word
cycle” or “sub-command,” which are to be described
hereinafter.

To summarize: the ten readout lines D¢ through D9
individually and sequentially go from FALSE to TRUE,
representing counts from “0” through “9” respectively.
That is, line D¢ is TRUE when the digit counter is at a
count of “0,” line D1 is TRUE when the digit counter is at
a count of “1,” etc. 'When the digit counter counts in a
forward direction, it starts at a count of “9,” and for each
successive TRUE-to-FALSE change of state of line AD,
output line D¢ goes TRUE, and, thereafter, a succes-
sively higher-order readout line goes TRUE, the remain-
ing readout lines, of course, being FALSE in each in-
stance.

At certain times, it is desirable to read a word out of
memory in reverse order by starting with the tenth-order
digit thereof. In this instance, flipflops 6043 through
6946 still essentially count in a forward direction, how-
ever; only the manner of decoding the outputs thereof
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is changed. Such a change is made simply by causing
line DBD to be TRUE instead of line (DBD)’. When
line (DBD)’ is TRUE, the digit counter counts in a
forward direction; however, when line DBD is TRUE,
the digit counter starts at a count of “0.” Thereafter a
succession of TRUE-to-FALSE transitions of line AD
produces a retrogressive count of 9, 8, 7, 6,...1and
back to 0.

As illustrated in the block diagram of FIG. 45, readout
lines D¢ through D9 are also utilized by the computer
for various control purposes, in addition to memory digit
selection. In addition to the read-out lines following the
forward-reverse logic, there is an additional readout line
D9L, which is TRUE each time lines De and Dd are
simultaneously TRUE, regardless of whether the digit
counter is operating in a forward or a reverse direction.

21, Y-Drivers

In the rightmost section of FIG. 65 there are shown
ten Y-drivers, whose output lines are respectively labeled
YDg¢ through ¥D9. Each driver includes a serially-con-
nected network comprising a two-input type “R1” logical
AND, a type “I12” inverter, and a type “E3” emitter fol-
lower amplifier. As previously described, by szlective en-
ergization of line YDg, all addresses whose low-order digit
identification is a “zero” are effectively “selected”; ie.,
addresses ¢, 19, 2¢, . . . 8¢, and 9¢, by selective ener-
gization of line YD1 all addresses ending in a “one” are
effectively selected; ie., 11, 21, 31, . . . 81, and 91; by
selective energization of line YD2, all addresses ending
in a “two” are effectively selected; and so on, with line
YD9 effectively selecting all addresses ending in a “nine”;
ie., addresses ¢9, 19, 29, . . . 89, and 99. Selective
energization of lines YDg¢ through YDS9 is effected by
logically ANDING line YDW with each of lines Weo
through W¢9 which originate at the decoder portion of
the low-order digit section of a “word-sclecting” register
next to be described.

22. Word-Selecting Register

The word-selecting register is a two-digit register which
is utilized to temporarily store a two-decimal-digit num-
ber representing the address location of the word in mem-
ory from which reading is to take place. That is, the
word located in memory at the address corresponding to
the number stored in the word-selecting register will be
the next word read out upon occurrence of a read-write
work cycle. The word-selecting register includes eight
type “F2” flipflops, four of which effectively store, in
binary-coded form, the low-order digit, and the remaining
four effectively store, in binary-coded decimal form, the
high-order digit of the address-representing number stored
therein,

With reference to FIG. 63, the four flipflops which are
utilized to store the low-order decimal digit of the number
in the word-selecting register are 6051 through 6054.
Flipflop 6051 effectively stores low-order bit “a,” flipflop
6052 effectively stores second-order bit “5,” flipflop 6053
effectively stores the third-order bit “c,” and flipflop 6054
effectively stores the fourth or high-order bit “d” of the
low-order decimal digit of the number.

Qutput lines Woa through Wed and (Woa)’ through
(Wed)’ from flipflops 6051 and 6054 are connected as
inputs to a decoder metwork comprising ten type “R1”
logical ANDS 1261 through 1270, which are individually
cascaded with a type “D1” logical OR, a type “I5” inverter,
and a type “I15” inverter. Thus, when the low-order sec-
tion of the word-selecting register is storing a count of
“zero,” output lines Wea through Wed are FALSE, and
lines (Wga)’ through (Wed)’ are TRUE. As all of the
input lines to logical AND 1261 are simultaneously TRUE,
output line Weg is TRUE, indicative of the “zero” storage
in flipflops 6051 through 6054. In a like manner, it is
seen that only one of output lines Wee through We? of
the decoder is TRUE at any given instant, and a TRUE
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state of each is indicative of a corresponding one of deci-
mal digits “0” through “9” being stored in the low-order
section of the word-sclecting register.

There are two “presets” for the word-selecting register.
The ficst preset is by means of selective energization of line
(PWo)’, which unconditionally presets the word-selecting
register to “00.” The second preset is by means of selec-
tive energization of line ST1, which presets the word-
selecting register to “01” representation as indicated by a
TRUE state of line Wol, lines We¢ and We2 through
W2, of course, being FALSE. However, both the
low-order section and the high-order section of the word-
selecting register must first be set to zero via line (PWe¢)’
in order for line ST1 to be effective 1o preset the word-
selecting register to “01.” The reason for this is that,
as shown, line ST1 is effective only in presetting the state
of flipflop 6051 and does not affect the states of the re-
maining flipflops of both sections of the word-selecting
register.

With reference to FIG. 64, the four flipflops which are
utilized to store the high-order decimal digit of the number
stored in the word-selecting register are 6047 through
6050. The state of flipflop 6047 represents the low-order
bit “a,” the state of flipflop 6048 represents the second-
order bit “b,” the state of flipflop 6049 represents the third-
order bit “c,” and the state of flipflop 6050 represents the
fourth or high-order bit “d” of the decimal digit. Output
lines Wla through Wid and (W1a)’ through (W1d)’ from
flipflops 6047 through 6030 are connected as inputs to a
decoder network comprising ten type “R1” logical ANDS
1226 through 1235, which are individually cascaded with
a type “D1” logical OR, a type “I5” inverter, and a type
“I15” inverter. As in the low-order section of the word-
selecting register, as previously mentioned, its high-order
section is also unconditionally preset to “zero” by line
(PW¢)’, which presets the reference outputs of flipflops
6047 through 6056 FALSE.

Included in the high-order section of the word-selecting
register are ten readouts which decode the decimal digit
representation as represented by the states of flipflops
6047 through 6050, the readouts being by way of output
lines W1 through W19. For example, when the high-
order digit in the word-selecting register is a “0,” only
line Wi1g¢ is TRUE. Line W11 is TRUE only when the
high-order digit is a “1,” and so on, so that line W19 is
TRUE only when the high-order digit is a “9.” Then fen
output lines W1g through W19 are each logically ANDED
with each of lines WR and (WR)’, as shown in FIG. 66, to
selectively energize the Y-grounders which effectively se-
lect the high-order digit of the address in memory of the
word to be read out upon occurrence of the next read-
write cycle.

23, Summary of Word-Selection

There has now been shown and described the mode
of selection of a particular string or addresses of cores
and how a particular binary bit of a particular digit of
the word is selected during a read-write cycle of operation.
However, in summary, the word-selecting register effec-
tively stores a two-digit decimal number which corre-
sponds to the address in memory that is to be effected
during the next read-write cycle. Even though there are,
in fact, only twenty readout lines Wee through W19 for
the word-selecting register, in combination they effectively
function as one hundred readouts. In other words, one
of lines Wlg through W19 is TRUE, indicative of the
high-order digit of addresses ¢¢ through 99. At the same
time, one of lines Woe through We9 is TRUE, indicative
of the low-order digit of the address. As an illustrative
example, address 96 is represented by lines W19 and Wg6
simultaneously being TRUE; address 438 is represented by
lines W14 and W¢8 simultaneously being TRUE, and
so on. Thus, a half-select current is allowed to flow in
the “Y” direction only in the vertical string of cores lo-
cated in the address corresponding to the number stored
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in the word-selecting register. The number in the word-
selecting register remains therein during the entire time the
ten-digit word is being read out of memory. Other suit-
able means have been provided for selecting addresses
“A” and “B,” as will later be seen.

The bit and digit counter combination determines which
row of cores is to receive a half-select current impulse
during a read-write cycle. That is, the output of the bit
counter determines which bit is to be read out—i.e., bit
“a,” “b,” “c,” or “d,” and the digit counter determines
which order digit is to be read out. For example, if the
bit counter is at “a” and the digit counter at “1,” a half-
select current impulse is permitted to flow only through
the row of cores corresponding to the low-order bit of
the second-order digit. If the bit counter is at “d” and
the digit counter at *'9,” a half-select current impulse is
permitted to flow only through the row of cores corre-
sponding to the high-order bit of the tenth-order digit,
and so on.

24. Syachronizing Clocks

Before going into a detailed description of a complete
read-write cycle of a word stored in a particular address
in memory, it is deemed desirable, at this point, to briefly
describe the various “clocks” which are utilized by the
computer for synchronization purposes, to insure the
proper sequence of data handling and transfer.

With reference to FIG. 84, a 50-kilocycle multi-vibra-
tor 6125, substantially identical to the one heretofore
shown and described in connection with section (a) of
FIG. 50, has the reference output thereof connected
through AND gates 1778 and 1779 to both the reference
and the prime inputs of flip-flop 6127. As multivibrator
6125 is essentially a 50 kc. square-wave generator, the
signal voltage appearing on the reference output lead MV
thereof is as shown by the topmost waveform in FIG.
87B. If at “TIME-1" the state of line MV is reversed
from TRUE to FALSE, the state of line MV reverses
from FALSE back to TRUE ten microseconds later at
“TIME-2.” Ten microseconds later, at “TIME-3,” the
state of line MV again reverses from TRUE to FALSE,
and so on. As heretofore mentioned, the state of line
(MV)’ is effectively 180 degrees out of phase with the
state of line MV.

If it is assumed that directly preceding TIME-1 the
states of lines MV and C31 are both TRUE, as shown, at
TIME-1 the reference input to flip flop 6127 is reversed
from TRUE to FALSE. Consequently, flip flop 6127 is
triggered so that the state of line C31 is rendered FALSE
and the state of line C13 is rendered TRUE. At TIME-3,
when the state of line MV again is reversed from TRUE
to FALSE, the state of line C31 is rendered TRUE and
the state of line C13 is rendered FALSE. This sequence
of events is continually repeated during operation of the
computer.

At TIME-2, the state of line (MV)’ is reversed from
TRUE to FALSE, and, consequently, flip flop 6128 is
triggered so that the state of line C42 is thereby rendered
FALSE and the state of line C24 is thereby rendered
TRUE. At TIME—4, when the state of line (MV)’ again
reverses from TRUE to FALSE, the states of lines C42
and C24 are reversed. At TIME-1, when the state of line
C31 reverses from TRUE to FALSE, flip flop 6129 is trig-
gered so that the state of line C41 is thereby rendered
FALSE, and, simultaneously therewith, the state of line
C41 is rendered TRUE. Thirty microseconds later, the
state of line C24 reverses from TRUE to FALSE. There-
fore, at TIME-4, flip flop 6129 is reset to its initial state,
so that immediately thereafter the state of line C41 is
rendered TRUE and the state of line C14 is simultaneous-
ly rendered FALSE.

As shown, output lines C31, C13, C42, and C24 are
variously connected as inputs to flip flops 6129 through
6132 to provide suitably phased clock pulses on output
lines C41, C14, C43, C34, C23, and CI2. It is to be
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noted that the highest-order numeral designation thereof
denotes the time at which the state of that particular line
is rendered TRUE and the lowest-order numeral designa-
tion denotes the time at which the state of that particular
line is rendered FALSE. For example, the state of line
C41 is rendered TRUE at each TIME—4 and FALSE at
each TIME-1, the state of line C23 is rendered TRUE at
each TIME-2 and FALSE at each TIME-3, and so on.

The 400-cycle multivibrator 6126 has a period of ap-
proximately 1.24 milliseconds. Consequently, due to the
synchronizing action with respect to the state of line C41,
as heretofore described in connection with section (b)
of FIG. 50, the state of line ICC is rendered TRUE and
the state of line (ICC)’ is rendered FALSE at TIME-1;
approximately 1.24 milliseconds thereafter, at TIME-1,
the state of line ICC is rendered FALSE and the state of
line (ICC)’" is rendered TRUE. Again, approximately
1.24 millissconds thereafter, at TIME-1, the state of line
ICC again is rendered TRUE and the state of line (Iccy’
is again rendered FALSE. As this sequence of events is
continually repeated during operation of the computer, it
is evident that the output from the 400-cycle multivibrator
6126 is effectively synchronized with the output from the
50 kc. multivibrator 6125.

25. Detailed Read-Write Cycle

With reference to FIG. 60, during a complete read-
write cycle of a word stored in a particular address in
memory, line SMC is TRUE for a period of 1600 micro-
seconds, and line MYW is TRUE for a period of 1650
microseconds, Therefore, as all the inputs to logical
AND 1096 are simultaneously TRUE at TIME-3, line
YDW also goes TRUE at TIME-3 and stays TRUE for
a period of 20 microseconds until TIME-1; at TIME-1,
line YDW goes FALSE and stays FALSE for 20 micro-
seconds until TIME-3; at TIME-3 line YDW again goes
TRUE, and so on. Thus, it is seen, at TIMES 1 and 3,
line YDW goes FALSE and TRUE, respectively, for pe-
riods of 20 microseconds each. This is done to permit
one of Y-driver output lines YD¢ through YD9 (FIG.
65) to be selectively energized for a period of 20 micro-
seconds by selected ones of ocutput lines Weg through
We¢9 of the decoding portion of the low-order section of
the word-selecting register, as will more fully be de-
scribed hereinafter.

As previously described in connection with FIG. 66,
selected pairs of Y-grounder output lines YG¢p—(YGg)’,
YG1—(YG1)' ... YG9—(YG9)’ are conditioned at
predetermined times by a corresponding one of output
lines W1g through W19 of the decoding portion of the
high-order section of the word-selecting register (FIG.
64), a selected one of each pair being selectively ener-
gized by one of lines WR and (WR)’, As shown in
FIG. 66, lines WR and (WR)' alternately effect ener-
gization of only one of the Y-grounder output lines.
That is, only one of the Y-grounder output lines is ener-
gized at any given time; when that particular Y-ground-
er output line is de-energized, another Y-grounder output
line is energized, and so on. This is clearly illustrated
in the timing chart of FIG. 87A, which is to be referred
to, from time to time, during the following detailed de-
scription of a complete read-write cycle.

It will be assumed that it is desirous to read a word
out of memory address ¢¢, that the reading operation
is to begin with the lowermost core in address ¢4, and
that all data read out is to be re-stored in address op.
Thus, to begin the reading operation, lines (WR)’ and
Wi¢ (FIG. 66) simultaneously go TRUE, thereby en-
ergizing Y-grounder output line (YG¢)* at TIME-1, as
shown in the just-mentioned timing chart of FIG. 87B.
Simultaneously therewith, lines XDW and BaM (FIG.
60) go TRUE, thereby energizing X-driver output line
XDa at TIME-1. Also simultaneously therewith, lines
DgM and (WR)’ (FIG. 66) are TRUE to energize X-
grounder output line (XGg)’ also at TIME~1, Conse-
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quently, as both the X-driver, XDa, and the X-grounder
(XGg)' (FIG. 52A) are simultanecusly energized at
TIME-1, a current impulse of half-select magnitude (ap-
proximately 180 ma.) flows from left to right through
the bottom row of cores to “half-select” each of the cores
in the row toward a binary “zero” representation, as pre-
viously described, the binary value of the low-order bit
of the first-order digit of the word stored in memory ad-
dress ¢¢ being represented by the initial state or direc-
tion of magnetization of core 885, as before stated.

Twenty microseconds later, at TIME-3, line YDW
(FIG. 603) goes TRUE to effect energization of Y-driver
output line YD¢ (FIG. 65). Thus, as the Y-driver out-
put line YD¢ and Y-grounder output line (YGg)’, shown
in FIG. 52A, are both, for the first time, simultaneously
energized at TIME-3, a current impulse of half-select
magnitude (approximately 180 ma.) flows downwardly
through the leftmost column of cores to “half-select” each
of the cores in address ¢¢ toward a binary “zero” repre-
sentation. As the magnetommotive forces produced by
the two half-select currents are additive in the region of
core 885 only, immediately following TIME-3 core 885
is the only core in the entire memory that is magnetically
set to a binary “zero” representation at this time. If it
is assumed that core 885 previously was in a magnetic
remanent state representative of a binary “one,” the
state of magnetization of the core is reversed immediately
following TIME-3. Consequently, with respect to ter-
minal 872, a negative-going output pulse is induced in
memory sense winding 871 (FIG. 52) having a peak am-
plitude occurring approximately 3 microseconds after
TIME-3.

The negative-going output pulse induced in memory
sense winding 871 renders memory sense amplifier 4399
(FIG. 67A) conductive during presence thereof, so that
the uppermost input to logical AND 1163 goes TRUE
during presence of the pulse from memory, as shown in
FIG. 87. Assuming that the signal on the lowermost in-
put to AND 1163 from flipflop 6149 is also TRUE, both
of the common-load transistors making up AND 1163
(FIG. 48j) are rendered non-conductive, so that the sig-
nal applied to the reference input of flipflop 6835 goes
FALSE approximately 3 microseconds after TIME-3
and flipflop 6055 is triggered thereby, so that output line
MSA goes TRUE, indicating that a binary “one” had
previously been stored in core 885 (FIG. 52); output
line (MSA)Y’, when TRUE, indicates that the core was
previously storing a binary “zero.”

At TIME~4, line (WR)’ goes FALSE (FIG. 66) and
line WR goes TRUE. Therefore, X and Y-grounder
lines (XG¢)’ and (YSg)’ are both de-energized, and si-
multaneously therewith, X and Y-grounder lines XG¢
and YGg¢ are energized. As core 885 (FIG. 52A) was
previously storing a binary “one,” X and Y-driver output
lines XDa and YD¢ remain energized, and, consequently,
a full-select current impulse flows through the core in
the opposite direction to “re-set” the core back to its ini-
tial binary “one” state immediately following TIME—4.

However, if the core had been initially storing a binary
“zero,” instead of a binary “one,” a voltage impulse
would not have been induced in the memory sense wind-
ing, and, consequently, output line MSA (FIG. 67A) re-
mains FALSE instead of going TRUE, thus indicative of
the binary “zero” storage in core 885. In that instance
when line MSA remains FALSE, line MXW (FIG. 60)
likewise remains FALSE, and, consequently, not all of the
inputs to logical AND 1098 are TRUE, as before, As a
result, line XDW goes FALSE and causes X-driver out-
put line XDa to be de-energized. This is illustrated in
FIG. 87 by the dotted portion of the output signal rep-
resentation of X-driver line XDa between TIME—4 and
TIME-1 for bit “a.” X-driver line XDa now being de-
energized at TIME—4, a binary “one” representing half-
select current flows through core 885 in the “Y” direc-
tion only, and, consequently, the core is not “resct” to a
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binary “one” state, but, instead, remains in its initial bi-
nary “zero” state,

It is to be noted that, during a read-write cycle, half-
select current is first applied in the “X” direction for
a period of 20 microseconds—ie. from TIME-1 to
TIME-3—before a coincidental half-select current is
applied in the “Y” direction through the core being “read.”
One reason for operating the computer memory in this
manner is due to the physical placement of memory
sense winding 871 (FIG. 52). Due to the fact that the
sense winding is oriented parallel with respect to the
conductors threaded through the core in the “X” direction,
when a half-select current is first applied in the “X”
direction, a voltage impulse is induced in the sense wind-
ing even though the magnetic state of each core remains
unchanged. In fact, the ampiitude of this voltage may
be from ten to fifteen times greater than the amplitude
of the voltage induced in the sense winding due to a
“change-of-state” of one of the cores. Consequently,
it is desirable to allow sufficient time to lapse after
application of a half-select current in the “X" direction
so that this unwanted voltage impulse is dissipated and
thus alleviate any undesirable effects therefrom.

Another reason for this 20-microsecond delay is that
a half-select current through a core causes a noise impulse
to be induced in the sense winding especially if the pre-
vious half-select current through the core was in the
opposite direction. The amplitude of this noise impulse
is, in most instances, approximately 7 millivolts per core
and requires from ten to fifteen microseconds to be
dissipated. As there are 100 cores in the “X” direction
per row, and, as the noise from all of the cores in each
row is additive, the total maximum amplitude of the
noise impulse is approximately 700 millivolts.

In an attempt to simplify the description and to insure
a complete understanding of the inherent complexity
of the mode of operation of the computer memory, it
has been assumed to this point that all of the cores mak-
ing up memory addresses ¢¢ through 99 and addresses
“A” and “B” are magnetized in the same direction to re-
present either a binary “one” or a binary “zero.” How-
ever, in the actual operation of the computer memory,
this is not the case, the reasons for which are as follows:

As previously described with respect to FIG. 52,
memory sense winding 871 is sequentially threaded in
the same direction through every other one of the forty
rows of cores making up the entire memory. Thus, if
every core in the memory were magnetically set in the
same direction to represent, say, a binary “one,” opposite
polarity output pulses are induced in the memory sense
winding during a read-write cycle, all of which pulses
individually represent a binary “one” storage in the respec-
tive core. For example, the cores making up the odd-
numbered rows are responsible for output pulses of one
polarity indicative of a binary “one” storage, whereas
the cores making up the even-numbered rows are respon-
sible for output pulses of an opposite polarity also
indicative of a binary “one” storage.

Also, as previously mentioned, it has been found that
a subsequently-applied half-select current impulse through
a core causes a noise impulse to be induced in the sense
winding if the previously-applied half-select current im-
pulse through the core was in the opposite direction to the
subsequently-applied half-select current impulse; how-
ever, the subsequently-applied half-select current impuilse
through the core causes a much smaller amplitude noise
impulse to be induced in the sense winding if the sub-
sequently-applied half-select current impulse is in the
same direction as the previously-applied half-select cur-
rent impulse.

Therefore, to alleviate the need for sensing amplifiers
which must be responsive to input impulses of opposite
polarity, and also, during reading of a particular core,
in order to subsequently apply a half-select current im-
puise therethrough in the “y* direction, which is in the
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same direction as the half-select current impulse previous-
ly applied in the “Y” direction therethrough during writ-
ing of a previously-read core, it has been found desirable
during the operation of the memory of the present com-
puter for all of the cores making up the odd-numbered
rows to be magnetically set in one direction to represent
storage of a binary “one” and for all of the cores making
up the even-numbered rows to be magnetically set in
the opposite direction to represent storage of a binary
“one.” Consequently, during a read-write cycle of oper-
ation, binary “one” signifying impulses of the same
polarity are induced in the memory sense winding, and
thus the sense amplifiers need only be responsive to
single polarity impulses; and, also, much smaller ampli-
tude noise impulses are induced in the sense winding
during the reading operation.

With the foregoing in mind, the next portion of the
read-write cycle will be described and directed to bit
“b” of the low-order digit of the word stored in address

oo,

Now that core 885 (FIG. 52A) has been read and
then “reset” to represent its initial binary “one™ storage,
line CYC (FIG. 61) goes from TRUE to FALSE at
the following TIME-1, measured with respect to bit “5.”
As previously described in detail with respect to the bit
counter shown in FIG. 62, when line CYC goes FALSE
for the second time, line BaM goes FALSE, line BAM
goes TRUE, and lines BcM and BdM remain FALSE.
As line XDW (FIG. 60) also goes TRUE at TIME-1,
X-driver output line XDa is de-energized and output line
XDb is energized at TIME~1, as shown in FIG. 86. As
line YDW (FIG. 60) goes FALSE at each TIME-1, Y-
driver output line YDg (FIGS. 65 and 52A) is de-
energized, and consequently, the half-select current in
the “Y” direction through the cores of address ¢¢ is
thereby not permitted to flow. However, as X-grounder
line XGg¢ (FIG. 52B) remains energized during TIME-1,
and as X-driver line XDb is energized for the first time at
TIME-1, a half-select current flows from right to left
through core 886 to “half-select” the magnetic state of
core 886 indicative of a binary “zero.” It is to be noted
that the half-select current in the “X” direction through
core 885 flowed from left to right, instead of right to
left, to magnetically “half-set” core 885 toward a binary
“zero” representation. Thus, it is seen, the half-select
read current flows in one direction through the cores in
the even-numbered rows and in the opposite direction
through the cores in the odd-numbered rows.

At TIME-2, flipflop 6055 (FIG. 67A) is reset by line
C42 so that output line MSA is thereafter FALSE., At
TIME-3, line YDW (FIG, 60) goes TRUE to again effect
energization of line YDg (FIG. 65). Thus, as Y-driver
output line YD¢ and Y-grounder line YG¢ (FIG. 52)
are both simultaneously energized at TIME-3, a current
impulse of half-select magnitude flows upwardly through
core 886 to cause “full-selection” of the magnetic state
of core 886 to a binary “zero” representation. If it is
assumed that the magnetic state of core 886 is indicative
of a binary “one,” the state of magnetization of the core
is reversed immediately following TIME-3, and, conse-
quently, a negative-going impulse is again induced in
memory sense winding 871 (FIG. 52) with respect to
terminal 873, approximately three microseconds after
TIME-3, as before.

As before, the negative-going impulse induced in mem-
ory sense winding 871 causes the reference input to flip-
flop 6055 to go FALSE shortly after TIME-3, and, con-
sequently, flipflop 6055 is triggered so that line MSA is
TRUE, indicating that a binary “one” had previously
been stored in core 886. At TIME-4, line (WR)’ goes
FALSE (FIG. 66) and line WR goes TRUE. Conse-
quently, X and Y-grounder lines XG¢ and TGe¢ are both
de-energized, and, simultaneously therewith, lines (XGg)’
and (YGg)’ are energized. As core 886 was previously
storing a binary “one,” X and Y-driver output lines XD}
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and YD¢ remain energized for ten microseconds longer
to effect “resetting” of core 886 back to its initial binary
“one” state immediately following TIME-4,

The previously-described sequence of events is now
repeated with respect to cores 887 and 888 and also with
respect to the remaining ones of the forty cores making
up address ¢o. In the illustrative example given, as evi-
denced by the presence and absence of memory sense am-
plifier pulses (FIG. 87A), the binary number stored in
cores 885 through 888, corresponding to low-order bit
“a” through the high-order bit “d,” is “0111,” thus indi-
cating that the low-order digit of the word stored in ad-
dress ¢¢ is a “seven.”

To summarize: Alternate cores of each memory ad-
dress are magnetically set in one direction to represent a
binary “one,” whereas the remaining cores in the address
are magnetically set in the opposite direction to represent
a binary “one.” When the core representing bit a of the
low-order digit is read (i.e., core 885), a half-select
“read” current in the “X” direction flows to the right
through core 885 at the first TIME-1. At TIME-3, a
half-select read current in the “Y” direction flows down-
wardly through core 885 at the first TIME-3 to mag-
netically set core 885 toward binary “zero.” If the core
was originally storing a binary “one,” its magnetic state
is therefore reversed, and a negative-going voltage pulse
is induced in memory sense winding 871, which causes
the half-select currents in the “X” and “Y” directions
through core 885 to be reversed to magnetically reset
core 885 to binary “one” at TIME-4. At the second
TIME-1, a half-select current flows to the left in the “X”
direction through core 886. At the second TIME-3, a
half-select current flows upwardly through core 886 to
magnetically set core 886 to binary “zero.” If core 886
was originally storing a binary “one,” a second negative-
going potential impulse is induced in the memory sense
winding to cause the half-select currents in the “X” and
“Y” directions through core 886 to be reversed to reset
core 886 to binary “one” at the second TIME-4. As
before stated, this sequence of events is sequentially re-
peated from the lowermost to the uppermost of the cores
making up address ¢¢.

26. Sense-Amplifier Strobe

With reference to FIG. 67A, inverter 4393 is effec-
tively connected in series with memory sense winding
871, and inverter 4395 is effectively connected in parallel
with respect to the memory sense winding. As shown,
inverter 4395 is rendered non-conductive from TIME-3
to TIME—-4 by line C34, and inverter 4393 is rendered
conductive from TIME-3 to TIME—4 by line C43. Thus,
as inverter 4395 is non-conductive during the time each
of the memory cores is being read, the inverter exerts
essentially no effect on sense winding 871; however, as
inverter 4393 is conductive during the time each core is
being read, the lower end of sense winding 871—ie.,
terminal 872—is effectively grounded thereby during that
time to complete the circuit therethrough. From TIME-4
to TIME-3, sense winding 871 is effectively open-cir-
cuited by inverter 4393 and effectively short-circuited by
inverter 4395, thus rendering sense winding 871 non-
effective at all times except for the time interval during
which reading of a memory core is to take place.

As previously described with respect to FIG. 87A, if
a binary “one” was previously stored in the core being
read, the output of a memory sense amplifier is TRUE
after a time lapse of approximately three microseconds
after TIME-3. Thus, to prevent undesirable noise im-
pulses from entering the system, the output of sense
amplifier 4399 is sampled, or “strobed,” for a period of
approximately three microseconds, starting approximately
three microseconds after each TIME-3. Strobing is ef-
fected by a three-microsecond one-shot flipflop 6147,
which is triggered at TIME-3 by line C31, so that the
prime output thereof goes FALSE at TIME-3 and re-
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mains FALSE for a period of three microseconds, after
which time the prime output thereof returns to a TRUE
condition. The prime output of flipflop 6147 is con-
nected to the reference input of a three-microsecond one-
shot flipflop 6149, so that, after a time lapse of three
microseconds after TIME-3—i.e., when the prime output
of flipflop 6147 goes TRUE—the reference output of flip-
flop 6149 goes TRUE and stays TRUE for a period of
three microseconds, after which time the reference cutput
thereof goes FALSE. Therefore, the lowermost input
line to logical AND 1163 goes TRUE only after a time
lapse of three microseconds after TIME-3, and stays
TRUE for a period of only three microseconds.

As previously described, memory addresses “A” and
“B” (FIG. 52B) have a common sense winding 831 sep-
arate from the main memory sense winding 871. Mem-
ory addresses “A” and “B” have a commoOn pair of
Y-grounder lines (ABG)’ and ABG and separate Y-
driver lines AAD and BBD (FIG. 60), which func-
tion in the same manner as the just-described Y-
grounder and Y-driver lincs for memory addresses
¢¢ through 99. Thus, it is possible to read and write
in only one of memory addresses “A” or “B” at
any given time, the same as for memory addresses ¢¢
through 99. However, as addresses “A” and “B” have
a separate sense winding from addresses ¢¢ through 99,
a word from either of addresses ¢¢ through 99 may be
read out simultaneously with the word being read out
of address “A” or “B.” Because of the common X-driver
and X-grounder lines, it is not possible to write separate
words in both a memory address and either of addresses
“A” or “B.” However, the same word may be writien
in both addresses. As shown in FIG. 67A, the output
of “A” and “B” sense amplifier 4400 is strobed by single-
shot fiipflops 6148 and 6150 in exactly the same manner
as memory sense amplifier 4399, as was just described
in detail. The strobed signals from sense amplifier 4490
operates 2 transistor logical AND 1164, which triggers
flipflop 6056 in response to a negative-going impulse from
“A” and “B” sense winding 891. As the complete read-
write cycle of operation of addresses “A” and * 3” is, for
all practical purposes, exactly the same as the just-de-
scribed read-write cycle for memory addresses ¢
through 99, a description thereof would only result in an
undue repetition, which is not deemed necessary for a
full understanding of the mode of operation thereof in
view of the just-described read-write cycle for memory
addresses ¢¢ through 99.

27. Format of Instruction Words Generally

In order to perform the functions of a “general pur-
pose” type computer, the present computer is provided
with eighteen different types of general purpose “instruc-
tions” which it, in a sense, “obeys” in order to allow the
programmer to solve almost any type of mathematical
problem. For reasons to become more apparent here-
inafter, the just-described magnetic core memory stores
both “instruction” words and data words, which appear
as one and the same as far as the computer memory is
concerned—ie., a ten-digit binary-coded decimal num-
ber—and, to alleviate the necessity of providing “plus” or
“minus” indications to identify positive and negative
numbers, a negative number is stored in the computer
memory as its complement. For example, the minimum
negative number that is effectively stored is 0000000001,
whose complement is 9999999999; the maximum nega-
tive number that is effectively store is 1000000000, whose
complement is $000060000. Thus, the maximum positive
number stored is 8999999999, Both data and instruc-
tion words may essentially be stored in the computer
memory either by indexing the words in the accounting
machine keyboard portion of the computer, by totaling
or subtotaling selected totalizers of the accounting ma-
chine, by reading the words from the magnetic strip por-
tion of the ledger cards, or by reading the words from
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punched cards or papcr tupcs via conventional, com-
mercially-available paper tape and card readers.

Programming the computer consists essentially of
writing two related programs, the first program of which
is written for the accounting machine portion of the com-
puter, which programming consists of designing mechani-
cal stops which are placed on the form-bar portion of the
accounting miachine, in a manner fully described in the
before-referred-to Patent No. 2,626,749. In program-
ming the accounting machine, the programmer decides
at what cerriage columnar position the program is to
start and the columnar position to which the carriage is
to be moved by subsequent machine cycles. The stops
on the form bar may be thought of as “instructions” to
the accounting machine which are physically located in
unigne places on the form bar, a group of stops (l.e., in-
structions) being termed a “program.”

The program is eflectively carried out by the account-
ing machine, by “sampling” each stop, starting with the
first stop, and performing the sequence of actions cailed
for by cach stop as the carriage sequentially moves from
stop to stop. Finally, the carriage is returned to the first
stop to permit the program to be repeated if desired. It
is to be noted, however, that only one instruction is
carried out at any given time. The mere placing of the
form bar on the accounting machine, or the placing of
pariicular stops on the form bar, does not, in and of it-
self, cause the accounting machine to carry out the opera-
tion specified by either of the stops.

The second program essentially to be written is in the
form of a sequential group of instruction words, that
are to be stored in the computer memory, comprising a
group of words ten decimal digits in length. The com-
puter “samples” only one of these words at any one time,
and, after carrying out that particular instruction, the
computer then samples the next instruction word. The
mere placement of the instruction words in the computer
memory does not cause any instruction to be carried out,
in the same manner that the mere placement of a form
bar on the accounting machine does not necessarily
cause any of the stops to be sampled.

To start the accounting machine program, a machine
cycle is first initiated, which allows the accounting ma-
chine to “sample” the first stop in the program and carry
out that particular instruction. After the computer car-
ries out its instruction, it effectively “moves on” to the
next instruction in the program, just as the accounting
machine “moves on” to the next stop on the form bar.
If desired, the computer program may be so writien that
the computer returns to the first instruction after it has
finished the last instruction, to permit the program to be
repeated.

As previously mentioned, there are eighteen basic in-
structions which the computer executes. Five of these
basic instructions concern the ledger card and the ac-
counting machine; one concerns reading paper tape; and
twelve are concerned with arithmetic and control func-
tions within the computer. OF these eighteen dillerent
types of instruction words, there are three types of in-
struction word formats. The first type of instruction
word format is that of a “modified three” or “four ad-
dress” instruction word. Nine of the basic instruction
words have a second type of format, which takes advan-
tage of the ability of the computer to increment addresses
in an instruction word, as will be more fully described

areinafter. The remainder of the basic instruction
words have a third type of format, which is peculiar to
the function effccted by that particular instruction words.

The structure of every instruction word is effectively
“divided” into five groups of two decimal digits each,
with cach group hereinafter being called a “section.” The
first section is the two highest-order decimal digits of the
instruction word and represents the code number identi-
fying that particular instruction, the code numbers rang-
ing from 00 through 17; the second section normally
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identifies either the memory address location of the first
data word or the address of an instruction modifier; the
third section normally identifies the address location of
either the first or the second data words; the fourth sec-
tion generally identifies the address of the resuit; and the
fifth section usually identifies the address of the next
instruction word in the program.

As an example of a format of a particular instruction
word, an “ADD” instruction is illustratively utilized.
Suppose that two amounts are to be added, one amount
being located in memory address 42, the other amount
being located in memory address S¢, the sum of these
two amounts is to be stored in memory address 52, and
the next instruction word is stored in memory address 32.
As the code number for an ADD instructicn is 08, the
instruction word appears as illustrated below:

Instraction Word Format

Seet. 1 Sect. 2 fect. 5

42

Sect. § Sect. 4

08 50 &2 32

After the addition operation is completed, the com-
puter, in a sense, “looks” in memory address 32 for the
next instruction. Also, following the addition, the words
in memory addresses 42 and S5¢ remain the same as be-
fore, even though each was involved in the addition
operation. However, regardless of the word originally
stored in memory address 52 before the addition, memory
address 52 now contains the sum word derived from the
addition. The reason for this is that a memory address
is automatically cleared prior to storage of another word
in that particular address. Consequently, only the sum
word is stored in the sum address.

A characteristic of nine of the eighteen instructions is
the ability to effectively increment section 3 or decre-
ment section 4 of any instruction word. That is, if one
operation is called for which is to be sequentially per-
formed on several words that are stored in memory loca-
tions having sequential addresses, it is not necessary to
utilize a separate instruction for each operation per-
formed, or to build an address-incrementing loop.

An example of an instruction in which address incre-
menting is utilized is the “enter-keyboard-words” instruc-
tion, abbreviated as EKW, having a code number desig-
nation “00,” and interpreted by the computer as: “The
words subsequently indexed in the accounting machine
keyboard are to be sequentially stored in memory address
locations X through Y, where X and Y are specified in
section 2 and section 4, respectively, of the instruction
word.” Thus, if several sequential entries are to be
indexed in the accounting machine keyboard, it is, of
course, obvious that these successive entries must be
stored in adjacent memory address locations. If it were
necessary to utilize a separate instruction word for stor-
age of each of the keyboard entries in a designated
memory address, ten instruction words would then be
necessary to store ten entries in memory. However, with
an address incrementing instruction, all ten entrics are
sequentially stored by the use of only one instruction
word. ‘This incrementing feature not only simplifies pro-
gramming, but also reduces the required number of in-
struction words necessary for completion of a given pro-
gram. When utilizing an instruction with an address-
incrementing format, the programmer specifies, in section
3 of the instruction word, the memory address of the first
word on which an operation is required, and specifies, in
section 4 of the instruction word, the memory address of
the last word on which an operation is required. The
only restriction is that the address specified in section 4
of the instruction word must be equal to, or creater than,
the address specified in section’ 3, Therenficr, the com-
puler sequentially generates each of the address locations
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between those two specified, even if the original instruc-
tion word is no longer siored in memory. However, after
the instruction has been executed, the original instruction
word may remain in memory unchanged, if desired.

28. Format of Enter-Keyboard-Words Instruction
Word (EKW—00)

The EKW instruction is utilized when amounts are to
be entered, and thus stored, in the computer memory,
either by the words being indexed in the keyboard or by
a preselected totalizer within the accounting machine
being totalized. With only a single EKW instruction,
from one to one hundred different amounts may selec-
tively be stored in sequentially-ascending memory ad-
dresses. However, in crder to enter the amount indexed
in the accounting machine keyboard, a machine cycle
of operation must first be initiated. The particular motor
bar of the machine to be depressed to initiate a cycle of
cperation thereof is specified in the instruction word by
the programmer. In this way, the programmer is as-
sured that the correct motor bar is automatically de-
pressed for each amount entered. Hence, there is pre-
vented the possibility of the accounting machine carriage
becoming out of synchronism with the program in the
computer due to the operator’s depressing the wrong
motor bar. When the computer is “ready” to carry out
on EKW instruction, the “enter-keyboard-words” lamp,
illustrated in FIG. 1 as EK, is illuminated. The operator
thercafter indexes the amount into the accounting ma-
chine keyboard and then depresses the “resume-program-
bar.” Immediately thercafter, the computer automati-
cally effects depression of the particular motor bar speci-
fied in the instruction word. Consequently, a ¢cycle of
eperation of the accounting machine is thereby initiated,
and the amount just indexed in the keyboard thercof is
entered into the sefected memory address.

In order for the programmer to prepare an instruction
word which instructs the computer to enter words into
memory, from either the accounting machine keyboard or
the totalizers therein, the two-digit decimal number for
each of the five sections of the instruction word must be
specified, the composite ten-digit decimal number there-
after representing the desired instruction word, as before
stated. As the code number designation for an EKW
command is “00,” the two decimal digits in section 1 of
the instruction word are, likewise, “00.” In section 2 of
the instruction word, the high-order decimal digit therein
designates the motor bar code, and the low-order deci-
mal digit therein designates the decimal point lamp code;
section 3 designates the memory address in which the first
word entered from the accounting machine is to be stored;
section 4 designates the memory address in which the last
word entered is to be stored; and section 5 designates the
memory address location of the next instruction word jn
the program. Listed below, in chart form, are the vari-
ous codes specified by section 2 of the instruction word
and to which the computer is responsive:

Section 2 of the Instruction Word

High-Order Digit of Rection 2 Low-Order Digit of Section 2
Molor-Bar Code Decimal-Point Lump Code

0x
1r

Touch Upper Motor Bar
old Upper Motor Bar

Zr Tourh Middle Motor Bar
3z Hold Middle Motor Bar

42 Touch Lower Motor Bar
5z Hold Lower Mator Bar

6z No Motor Bar (EOW only)

0 Between Columns 2 and 3

21 Between Columing 5 and 6

z2 Beltween ¢olumns 8 and 9

3 Automatic-Tlesiume-rogram
with dedimal point between
columns 2 and §

IT desired, the programmer may instruct the computer
to illuminate a preselected one of the three decimal point
lamps to give a visual indication on the accounting ma-
chine keyboard as to the decimal point location for the
amount 1o be indexed, decimal point lamp Py being lo-
cated on the keyboard between amount rows 2 and 3,
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decimal point lamp P1 being located between amount
rows 5 and 6, and decimal point lamp P2 being located
between aniount rows 8 and 9.

When the decimal point is desired betwcen rows 5 and
6, the computer illuminates lamp P1 between these rows
cven though the amount $.465,85 is printed as 0,465.85,
and, when a decimal point is desired between rows 8 and
9, the computer illuminates lamp P2 between thesc rows
even though the amount 0.465,855,55 is printed as
(,465,855.55.

As an example, suppose that three amounts are to be
stored in memory. The first amount is desired to be
stored in memory address 45, the second amount is de-
sired to be stored in memory address 46, and the third
amount is desired to be stored in memory address 47.
Consequently, the desired address of the first word to be
entered is placed in section 3 of the instruction word,
and the desired address of the last word to be entered is
placed in seciion 4 thereof. It is also assumed that, when
the resume-program bar is depressed, it is desired that
the compuier automatically initiate depression of the
middle motor bar 27 for a “touch” operation (code 2x),
thereby cffecting a cycle of operation of the accounting
machine and thus enter the first amount into memory.
Further assumed is that the decimal point lamp located
between rows 5 and 6 is to be illuminated (code x1) and
the next instruction is located in memory address ¢2.
"Therefore, the instruction word appears as shown below:

Sect. 4 Sect. 5

Seet. 3

45

47 G2

If the first amount to be indexed is 0.025,00 and enter-
keyboard-words lamp P1 is iluminated, amount key #2
of row 4 and amount key #5 of row 3 are manually de-
pressed first. Thereafter, the resume-program-bar is man-
ually depressed, and, consequently, the computer auto-
matically cffects depression of the middle motor bar 27
for a “touch” operation. The amount thercafter printed
appears as 0,025.00. If the printing of cents “.00” is not
desired, a particularly designed stop is placed on the form
bar to suppress printing thereof.

When 2 negative amount is to be entered into the com-
puter memory, reverse key “REV” is initially depressed.
This not only causes the amount to be printed with a
“Jinmond” symbol printed to the right thereof, but, in
addition, causes the complement of the number to be
stored in memory as a “credit Dbalance.” Negative
amounts previously stored in the totalizers of the account-
ing machine are automatically stored in the computer
memory as complements thereof.

There are three ways to total or sub-total the amount
in the computer memory by means of the EKW instruc-
tion. If the carriage of the machine is stationary and the
nomn-select key “NON SELECT” is depressed, both the
desired totalizer and the particular type of arithmetic op-
cralion arc selected by the totalizer control keys, so that,
when the resume-program-bar is depressed, the motor bar
specified in the instruction word is automatically de-
pressed by the computer, and the amount in the selected
totalizer is transferred into the computer memory; if the
carriage is stationary on a stop and the resume-program-
bar is depressed, the computer automatically effects de-
pression of the desired motor bar, and the amount in the
totalizer is entered into the computer memory, the total-
izer in which the amount is initially stored being deter-
mined by the siop on the form bar; and, if the carriage is
moving in either direction and is stopped over a non-auto-
matic siop, dezression of the resume-program-bar effects
depression of Lhe desired motor bar to transfer the amount
into the computer memory, the amount being transferred
coming from the stop-selected totalizer. However, if an
automatic-resume-program instruction {code-x3) is placed
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in the decimal point lamp code position in the instruc-
tian word, the preselected motor bar is automatically op-
crated by the computer as scon as the carriage is stopped,
even ihough the resume-program-bar was not depressed.
The auiomatic-resume-program instruction, in effect, de-
presses the resume-program-bar automaticaily, and the
word printed cut has its decimal point in the normal po-
sition. For cxample, suppose that a totalizer is to be sub-
totaled and the contents thereof stored in memory address
62. Assuming that a middle rotor bar “touch” operation
is desired, a'ong with an automatic-resume-program oper-
ation, the instruction word appears as “00 23 62 62 48,”
the space between each pair of decimal digits indicating
the five sections of the instruction word. As soon as the
carriage comes to rest on a stop, the middle motor bar
27 is depressed, regardless of which direction the carriage
was moving when the stop was engaged. Thus, the auto-
matic-resumie-program instruction eliminates the need for
automalic stops for the carriage. The numeral “6” in
the motor bar code specifies that a motor bar is not to
be opcrated and is used only for an “enter-card-word”
instruction (ECW), which is to be more fully described
hereinafter.  Since a machine cycle is required to enter
the indexed amount from the kevboard into the computer
memory during an EXW instruction, the numeral “6”
placed in the motor bar code has no significance in this
instance.

29, Format of Print-Out-Words Instruction Word
(POW-—01)

By utilizing but a single “print-out-words” instruction,
it is possible to selectively initiate the printing out of mem-
ory from one to one hundred words. If the memory
address locations of the words are in sequential order, the
words are printed out seguentially, and, thus, only the
addresses of the first and last words to be printed out
need be specified. The first word printed is the word lo-
cated in the lowest-numbered memory address, whereas
the last word printed is the word located in the highest-
numbered address.  As with the “enter-keyboard-words”
insteuction, just described, a choice of any one of three
decimal point positions is possible, with a comma being
printed in the decimal point location, the actual “dot”
designation being located in exactly the same position for
every word printed out, regardless of the actual decimal
point location.

In order to compose an instruction word which effec-
tively instructs the computer to print out selected words
stored in memery, a iwo-digit number is, in a sense,
“written” for each of the five sections of the instruction
word, as before. First, the code for POW (ie., 01) is
placed in ssction 1 thereof; the motor bar code and deci-
mal point code are placed in section 2, the same as for the
EKW instruction; in section 3 is placed the address of the
first word to be printed out; in section 4 is placed the ad-
dress of the last word to be printed out; and in section 5
is placed the address of the next instruction in the pro-
gram.

When the computer is in the process of carrying out a
POW instruction, depression of the preselected motor bar
is effected only while the carriage is positioned on a stop,
or the “non-select” key is depressed. However, as soon
as a POW instruction is presented to the computer during
any part of the program thereof, depression of the pre-
selected motor bar is automatically effected by the com-
puter when the carriage arrives at the next stop, or if the
carriage is already positioned on a stop. Hence, a nu-
meral “3” in the low-order digit position of section 2 of
the instruction word has no significance in a POW instruc-
tion for initiating an “automatic-resume-program” Oper-
ation.

If it is desired that the computer automatically print
out the three words that are stored in memory addresses
44 through 46, for example, with the decimal point lo-
cated between amount columns #2 and #3, with an upper
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motor bar “touch” operation, and with the next instruc-
tion coming from address 88, an instruction word capable
of initiating this sequence of operations 01 00 44 46 §8.
In response to the POW instruction, the computer auto-
matically prints out the words from memory addresses 44
through 46, one below the other in a single columin, and
at a speed of approximately one hundred words per min-
ute. It is to be noted, however, that, when a word is
read out of memory during a printing operation, the word
nevertheless remains in that address after the printing op-
eration, somewhat similar to sub-totaling a iptalizer in the
accounting machine portion.

When negative words are effectively printed out of
memory, the computer utilizes the “X” totalizer to obtain
the absolute value of the word prior to printing, just as
the accounting machine utilizes the “X” totalizer to com-
plement “negative” words stored in the accounting ma-
chine totalizers, as previously described. The negative
words are printed out in red, with a “CR” symbol to the
right thereof. Therefore, it is obvious that the “X” total-
izer must contain a “zero” count at that point in the pro-
gram when negative amounts are to be printed out. Vhen
printing out a negative word, the accounting machine
automatically cycles twice, and the required motor bar
need only be depressed once. Also to be noted is that,
when a negative word is printed out of memory, all
“hold” motor bar operations produce the same effect as a
corresponding “touch” motor bar operation. It is to be
further appreciated that, while a word is being printed
out, the word also may be simuliacnously added to or
subtracted from any preselected one, or ones, of the total-
izers in the accounting machine. There is, in a sense, no
limit to the number of totalizers to which the word is
added; however, in one cycle of operation, the word is
subtracted from a maximum of only two totalizers.

30. Format of Enter-Card-Words Iastruction Word
(ECW—02)

As previously mentioned, the magneiic ledger cards
utilized by the present computer are provided with a strip
of saturable ferromagnetic material positioned along the
leftmost side of the front face of the card and having a
width of approximately one inch. A plurality of words
are selectively and sequentially recorded from memory
on the magnetic strip, under conirol of the compuiter,
with the use of but a single instruction word, and, when
the ledger card is thereafter mechanically fed into the
card-handling portion of the computer, these words are
effectively reproduced by the sensing mechanism thereof
and again stored in memory.

The ECW instruction is similar to the EKW instruc-
tion in that it has what is known as a “string-of-addressas”
format. Consequently, all the words recorded on the
magnetic strip of a card are effectively stored in meniory
in sequential addresses with only one ECW instruction.
It is to be noted that the computer is not responsive to an
ECW instruction unless the carriags is in “home” position,
However, if the previous instruction was a ‘“record-on-
card” instruction, which is to bec deseribed hereinafter,
the carriage is thereafier in home posilion: if the car-
riage is not in home position, it is placed there either by
program control or by manual manipulation thereof.
When the computer starts to execute an ECVW instruction,
the carriage first opens, and the “end-card” lamp (EC,
FIG. 1) is illuminated and thus indicates that the card-
handling portion of the computer is ready to preperly re-
ceive a ledger card.

After the ledger card has been aligned on the card load-
ing table 232 (FIG. 1), the card is captivated, and the
data magnetically recorded thereon is thereafter repro-
duced or “read” by the reading mechanism of the com-
puter. During the process of reading the magnetically-
recorded data, the card is physically translated by the card-
handling mechanism past the read-write head asuembly
343 (F1G. 19) and into the carriage of the accounting
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machine, as previously described. During the time the
ledger is thereaflter being driven outwardly from the ear-
ricge, the computer has the sclective ability to cither stop
the card on the next posting line, or permit the card to
be ejected.

If it is assumed that a “manuai” mode of operation is
specificd, when the card is positioned on the next posting
line, the carriage thereafler remains open to permit inser-
tion thereinto of other record-keeping forms, if desired.
Aller the form or forms have been inserted into the car-
riage, the resume-program-bar must be depressed teo initiale
the next cycle of operation. Conscquently, the carriage
closes, and the computer automatically operates the de-
sired motor bar, if specified by the high-order digit located
in section 2 ¢f the instruction word.

If the desired sequence of operations does not necessitate
the jasertion of additional forms into the carriage, the
computer is instructed to close the carriage and to operate
the preselected motor bar immediately afier the card has
been automatically placed on the correct posting line.
To accomplish this, an “automatic-resume-program line-
find” codz is placed in the low-order digit position of sec-
tion 2 of the instruction word. Consequently, it is not
necessary to thereafter depress the resume-program-bar
to initiate a cycle of operation of the accounting machine.
Alter the ledger card has been either placed on a posting
line, or ejected, it is pecessary for the carriage to be
closed. I the card is positioned on a posting line, the
carriage is closed either by depression of the [CSURIC-Pro-
gram-bar or by specifying an “automatic-resume-program”
in the instruction word; if an “eject card” code (x8, Chart
1) is specified and the string-of-addresses is filled, the
card is ciocted, and the carriage is closed avtomatically.
After the carringe is closed, the motor bar code instruc-
tion, specified by the high-order digit of section 2 of the
instruction word, is carried cut, thereby cempleting the
ECW operation,

The code for ECW—i.e., 02—is in section 1 of the in-
struction word; the motor bar and linefind codes are in
scction 2 thereof; in section 3 is the memory address into
which the first word read from the card is to be stored;
in section 4 is the memory address into which the last
word read from a card is to be stored; and in section 5
is the memory address of the next instruction word.

The “line-find” code for an ECW instruction is as illus-
truted below and also as subsequently shown in Chart II1.

x0—Enter new card with manual resume-program.
xI—>5tep on first linefind with manual resume-program.
x2—>5top on second linefind with manual resume-program.
x3—Stop on third linefind with manual resume-progrem.
x5-—Stop on first linefind with automatic resume-program.
x6—Stop cn second linefind with automatic resume-pro-
gram,
¥7—Stop on third linefind with automatic resume -program.
x8—Eject card.

During normal operation of the computer, there may
be as many as three areas on the face of the ledger card
cnte which posting js to selectively be made. By wse
of the proper line-find code in the low-order digit position
of section 2 of the instruction word, the card is selectively
positioned on the next posting line in any one of the three
areas thereof. An “x1” or “x5” in the low-order digit
pesition of section 2 causes the card to be positioned on
the next posting line in the topmost area of the card;
an “w2" or “x6” causes the card to be positioned for post-
ing in the middle area; and an “x3” or “x7” causes the
card to be positioned for posting in the lowermost area.
This permits the words on the card to be grouped for
simplicity of programming and mathematical opcrations.
Yor example, a ledger card designed for payroll anplica-
tion usually has two posting areas whereby relatively fixed
data, such as employee’s clock number, number of de-
pendents, carning e, deductions, etc., are posted in en
urea at the top of the card, whereas employee’s carnings,
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taxes, and deductions for euch pay peried are posted in
the area of the main body of the In addition to
being printed on the face of the curd, this informatic
is also magnetically recorded on the maznetic stoip of the
ledger card.

For payroll posting, for example, un “x27 or
placed in the low-order digit position of section 2 of the
inatruction word.,  Flowever, if it is desived to change the
fixed data at the top of the card, an “x1” or “45” is placed
in the low-order digit position of section 2 of the instruc-
tion word.

In a pavroll application in which the words magnetical-
ly recorded on the ledger cords are indicative of zn em-
ployee’s earning record, the cards are sequentially fed into
the card-handling portion of the computer and are posied
cre at a time. After the information recorded on each
card is magneiically repreduced and storcd in memory,
the carriage of the accounting ma ching romains open o
permit a pay check to be inscrted, a3 before stated; when
1he resume-program-bar is depressed, the carriage closes.
1f it is desired that the middle motor bar is to be auto-
matically actuated for a “touch” operation, if there are
fifteen words to be magnetically read from the ledger
card and stored in memory addiesses 3¢ through 44, and
{he next instruction word is stored in address 88, an ia-
struction word capable of initiating this particular sequence
of events is 02 22 30 44 88.

If it is assumed in the foregoing example that, when
the carriage opened, there were no other forms to be in-
serted therein and it was desired for the carriage to close
immediately after the card was automatically positioned
with the next line thereof ready to be posted, an “x6”
code is placed in the low-order digit position of section 2
of the instruction word, instead of an “x2,” to effect
sutomatic closing of the carriage and automatic actuation
of the desired motor bar. An instruction word car able of
initiating this particular sequence of cvenis is 02 26 30
44 88.

An “x8” code in the low-order digit position of sec-
ficn 2 of an ECW instruction word causes the computer
to magnetically reproduce the required number of words
magnetically recorded on the ledger card sirip aund then
immediately eject the card. This type of instruction word
is used when it is desired to enter ths information mag-
netically recorded on the ledger card into memory, but,
where it is not desired to post the card. Thus tire ledger
card is ejected immediately after the reading operation is
completed. If there were ten words previously magneti-
cally recorded on the card which are to be stored iit
memory addresses 55 through 64, an instruction word
capable of initiating reading and ejection of the card
without a motor bar being actuated is (2 68 35 64 38. In
this instance, the card is first magnetically read and cjected,
and then the carriage immediately closes and the com-
puter proceeds to the next instruction without a motor
bar being depressed.

After a complete program is composed, a maximum
number of ten of the instruction words, as composed, may
be magnetizally recorded on each of the ledger cards, if
desired, and subsequenily the program may then be stored
in preselectcd memory addresses by sequentially reading
and ejecting each of the ledger cards, in the manuer pie-
viously described. A desitable feature of the present
computer is that, by utilization of but a single ECW in-
struction word, an entire program may be stored in the
computer memory, which program consists of any num-
ber of instruction words recorded on any number of
ledger cards, assuming, of course, that the capacity of
the memory is not cxceeded. This is accomplished due
to the fact that, if a card does not have a sufficient num-
ber of words magnetically recorded thereon to fill the
remaining string of memory addresses as specified in the
instruction word, the card is automatically ejected after
it is read and the contents thercof stored in memory.
Thus, by specifying in the instruction word an exact num-
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ver of addresses to accommaodate cach and every instruc-
tion word in the proarom, the storage in memory of all
of the instruction words is thereafter effected by only
one ECW instruction word.

For an exampile, it is assumed that a particular account-
ing program consists of forty-five instruction words which
are magnetically recorded on five ledger cards, four cards
having ten instruction words magnetically recorded there-
on, and one card having magentically recorded thereon
the remaining five instruction words. If it is further
nssumed that the instruction words are to be stored in
memory addresses ¢¢ throuzh 44, an instruction word
capable of initiating this particular sequence of events is
02 68 Q0 44 38,

In carrying out this instruction, the ten instruction
words magnetically read from the first ledger card are
stored in memory addresses ¢o through ¢9. Thereafter,
the ledger card is automatically ejected, as the ten instruc-
tion words magnetically recorded thereon were of insuf-
ficient number to fill the entire string of forty-five ad-
dresses.  After the first ledger card is elected, the infor-
mation magnetically reproduced from the second ledger
card is stered in addresses 1¢ through 19, and so on for
the third and fourth cards, until the five words magneti-
cally recorded on the fifth card are stored in the addresses
4¢ through 44, thus filling the entire string of addresses.
Even though the contents of the fifth card fills the remain-
ing siring of addresses as specificd in the instruction word,
the last card is ejected also because of the “eject-card”
instruction code (x8) which appears in the low-order
digit position of section 2 of the instruction word. After
the fifth card is ejected, if the computer is operating in
an “automatic” mode, the carringe of the accounting ma-
chine closes, and the computer automatically procecds
to carry out the necxt instruction as specified by the in-
struction word stored in memory address 8§88 without a
motor bar having been depressed.  Due to the fact that
the computer reads and stores the information magneti-
cally recorded on the ledger card and then antomatically
ejccts the card if the number of words recorded thercon
is insufficient to fill the remaining string of addresses, the
exact number of words recorded on the card must be
known beforehand in order for an ECW instruction to
properly initiate the desired sequence of operations. If
there are a greater number of words magnetically re-
corded on the card than there zre addresses remaining in
the string of addresses, all the words are ignored that are
magnctically read afier the string of addresses is filled.

For some applications, it may be desired to utilize
a ledger card which does not have magneticaily recorded
thereon any information whatever, possibly not even a
“linefind” information, which is to be described in detail
hereinafter, In this instance, a “new-card” instruction,
having a code of “x0,” is placed in the low-order digit
position of section 2 of the instruction word to cause the
instruction word to cause the ledger card to be magneti-
cally “scanned,” and to immediately be stopped after
being scanned. Thereafter, the carriage is closed by de-
pression of the resume-program-bar, and the accounting
machine platen is then rotated manually to position the
card on the correct posting line. Conseguently, the ad-
drosses specified In section 3 and scction 4 of the instruc-
tion word have no significance in this instance.

31.

Format of Record-on-Card Tnstruction Word
(ROC—03)

In the just-described payroll application, after each
ECW operation is completed, during which all the amounts
magnetically recorded on an empioyee’s earning ledger
card are automatically storcd in the computer memory,
the information is then used o compute the employee’s
taxes, deductions, and net pay. Thus, before the card is
ejected, all ycar-to-date amounts are up-dated, and new
vear-to-date amounts and fixed data are recorded on the
magnetic strip, thercby erassing the data previously re-
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corded thereon. In addition, the new up-duted amounts
are normally printed on the face of the ledger card.

The “record-on-card” instruction is quiie similar to
the “print-out-words” {(POW} insiructions, in that the
amounts recorded on the magnetic strip of the ledger card
are previously stored in scquential memory addresscs.
In an ROC instruction word, section 1 thereof contains
the code for the ROC instruction, i.e., 03; scction 2 con-
tains the modifier code for the basic “record-on-card”
operation; section 3 contains the address in memory of
the first word in the string of addresses to te recorded
on the ledger card; section 4 contains the address in mem-
ory of the last word of the string of addresses to be
recorded on the ledger card; and section 5 contains the
address in memory of the next instruction word.

For example, if ten amounts, or words, lecuted in
memory addresses 4 through 13, are to be magnetically
recorded on the ledger card and the next instruction is
located in memory address 88, an insiruction word ca-
pable of initiating this particular sequence of operaiions
is 03 00 04 13 88.

When the amounts are recorded on the magnetic strip
of the ledger card, ali non-significant zeros of the word
are suppressed. Consequently, all zeros to the left of the
most significant digit are replaced by one “end-of-word”
symbol “*”, Thus, the amount 1.95 is stored in memory
as 00430000195 and yet is magnetically recorded on the
ledger card as *195.

To be more fully described hereinafter, in accordance
with the present invention, the magnetic strip on a
ledger card thirteen inches in length is capable of having
magnetically recorded thercon a maximum of approxi-
mately one hundred decimal digits, with an end-of-word
symbol “*” occupying thie sume space as one decimal digit.
Thus, if all non-significant zeros were not suppressed, it
would not be possible to record more than ten words
thereon if each word ]engih was ten decimal digits.
However, by suppressing ail non-significant zeros, space
is saved thereby and thus permits the possibility of more
than ten amounts being recorded thereon. As a negative
number is stored as its complement, there are no non-
significant zeros in this instance. Consequenily, it is
necessary at all times to record all ten decimal digits
thereof. It is to be noted, however, that, if an amount,
whether positive or negative, is ten decimal digils in
length, an end-of-word symbol is not recorded.

Before the computer is capable of initiating a record-
ing operation on the ledger card, the carriage of the
accounting machine portion thercof must be in “home”
position, which, as previously mentioned, is approximately
two inches from the cxtreme right-hand carriage posi-
tion. Either a previous insiruction in the program ef-
fects the moving of the carriage to home position upon
completion thereof, or the carringe is manually transiated
thereto.

After a posting operation is completed, the ledger card
is usually spaced upwardly by a distance of one posting
line and thereafter magnetically rccorded upon while
being ejected. In addition, before the ledger card is
ejected, the line on which the card was subsequently
positioned is also recorded on the magnetic strip thereof.
Consequently, when the ledeer card is again utilized, it is
automatically placed on this line for the mext posting
operation. This automatic plhcement of the card on the
next posting line is herein cailed “linefinding,” which is
to be described in detail hereinafter.

There are occasions, however, when it is not desired
to alter the linefinding information on the card. To pre-
vent the linefinding information from being altered sub-
sequently, the number “01” is placed in section 2 of the
instruction word; when normal recmd?ng of the linefind
information is desired on a single linefind card, the num-
ber “0” is placed in sccifon 2 of the instruction v.ord
and, with a multiple linefind card, “02” is placed
tion 2 of the instruction word.
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After the entire recording operation on the Iedger card
is completed and the card is ejected, the carriage remains
in home position, with the paper guide open. Howevcr,
if ihe next step in the program necessitales the c.'mmue
to be moved away from homeposition, the paper guide is
first closed, either by an insiruction involving a motor
bar, or by manual depression of the carriage open-close
key.

32. Format of SHIFT Instruction Word (SHF—04)

The “shifi” insiruction is wiilized to effect the shifting
of a word stored in memory by a predetermined number
of decimal digits in either direction. Thereafter, the
shified word is selectively stored either in the same
address or in another seiected address in memory. The
code for the SHF instruction—i.e., 04—is in section 1
of the instruclicn wold; in section 2 of the instruction
word is placed the “shift” and “direction” code; in section
3 is the address of the word to be shifted; in section 4 is
the address in which the result is to be s'orcd, and in sec-
tion 5 is the address of the next instruction word. The
“shift” and “direction” code for an SHF instruction is
shown below, where “n” specifies the number of shifts
from zero to nine.

00—XNo shift.

2n—Shift left.

3n—Shift right and round.

4n—Shift right.

5n—5hift right without preserving sign.

As an em“npw, an instruction word capable of initiat-
ing the copying of a word from memory address 5¢ into
memory address 79, with the next instruction word lo-
cated in nkmozy address 81, is 04 00 50 79 81. Since a
“00” code is placed in section 2 of the instruction word,
the word stored in address S« is simply stored in address
79.  After the instruction has been carried out, the same
word appears in both of addresses 5¢ and 79. The above
instruction word printed out appears as 4,005,079.81.
Thus, it is seen, an instruction word actually appears as
a data word when printed out, with both types of words
being stored in memory in exactly the same manner as
previously mentioned. In fact, it will become more ob-
vious hereinafter that an instruction word is capable of
being arithmetically modified in the same manner as a
data word.

In the previous portion of the description, each of the
instruction words hus been illustrated as consisting of five
distinct groups of numbers of two decimal digits each.
This was done in order to emphasize the separate func-
tions of each of the five sections thereof. Howcv er,
hereinafter, all instruction words will be designated in
exactly the same manner as they appear while stored in
memory.

In the above example, suppose that the word in ad-
dress 5o is 0000000155 and is to be shifted three places
to the left, which, in cflect, multiplies the word by one
thousand, and the result is to be stored in address 79.
In this instance, an instruction word capable of initiating
this particular sequence of evenis is 0423507981, After
being shifted three places to the left, the word subsequent-
ly stored in address 79 is 6000155000, However, sup-
pose instead that the word in address 5¢ is to be shifted
one place to the right, which, in effect, multiplies the
word by one tenth. Tn this instance, the instruction

word is 0441507981, Afier being shifizd one place to
the right, the word subsequently stored in address 79 is,
in this instance, GOD0Q00015.

E)v vlacing the code dssignation “3n” in section 2 of
the instruction word, the word being coperated upon is
first shifted to the tight “n—1” times, and thereafter
the word 0000060003 is added thereto to round off the
low-order digit ihercof,  Following the addition, the

word s shified one more digit to the right, In the prc-
vious example, if the word initially stored in addres
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5¢ (i.e. 0000D0015S) is to be shifted right two places
and then rounded, an instruction word capable of initiat-
ing this sequence of cvents is 0432507981, ‘tThe word in
address 79, after being shifted and rounded, is now
Q000000002.

When a negative word is shifted to the right in response
to a “3n” or a “4n” code in section 2 of the instruction
voord, 9000000000 is added to the word each time it is
shifted, in order to preserve its sign. However, with
a “5;5” code in section 2 of the instruction word, the
word is shifted to the right without its sign being pre-
served, and, whether the word is positive or negative,
a zero is effectively filled in as the tenth-order digit fol-
lowing each shift.

33, Format of CLEAR-MEMORY-ADDRESSES
Instruction Word (CMA—05)

In a CMA insiruction, use is again made of the ability
of the computer to increment addresses. As a result,
any number of addresses are cleared with the use of
only one instruction word; when an address is cleared,
a word of all zeros is stored therein. For a CMA in-
struction, the code therefor—i.e., ¢5—is in section 1 of
the instriction word; two zeros are in section 2 thercof;
in section 3 is the memory address of the first word in the
string of addresses to be cleared; in section 4 i3 the ad-
dress of the last word in the string of addresses to be
cleared; and in section S is placed the address of the next
instruction word to be acted upon.

As an example, an instruction word capable of initiat-
ing the clearing of memory addresses l¢ through 2¢,
with the next instruction word being stored in memory
address 9¢, is 0500102093,

34. Format of MOTOR BAR Instruction
Word (MB—06)

The motor bar instructicn effects the desired depres-
sion of a preselecled motor bar to initiate a preselected
cycle of operation of the accounting machine portion of
the computer. In section 1 of a motor bar instruction
word is the code number “06”; in section 2 are the motor
bar and decimal point codes, the same as previously
described with respect to the EKW instruction; zeros are
in both scction 3 and section 4; and in section 5 is the
address of the next instruction word. Tn a MB iastruc-
tion, =n “x3” code in section 2 of the instruction word
has no cignificance, as, in this instance, an “6x” code is
placed therein to effect an “automatic-resume-program”
operation.

I a normal “dollar” decimal point and a middle motor
bar “touch” operation is desired, with the next instruc-
tion word being stored in memory address 66, an insiruc-
tion word capable of initiating this particular seguence
of events is 0620000066. Conscquently, as soon as the
carriage reaches a step, either by tabulation, carriage
return, or depression of the “non-select” key, the des-
ignated motor bar is operated, and the computer pro-
ceeds onward to carry out the dictates of the next in-
struction word.

35, Format of STOP Insiruction Word (STP—07)

When a “stop” instruction is given to the computer,
ail operations therein effectively come to a standstill,
and lamp HA (FIG. 1) is iiluminated. However, when
the resume-program-bar is dcpreszed, lamp HA is turned
off, and the computer proceeds to carry out the next
instruction. The code for a “stop” operation—i.e., 07—
is in section 1 of the instruction word, in sections 2, 3,
and 4 thereof are zeros; and in section 5 is the address
of the next instruction word.

If the next instruction word is lecated in memory
address 5S¢, an instruction word of this type is
0700000050.

36. Forinat of ADD Instruction Word (ADD—08)

In carrying out an “ADD” instruction, two words taken

<

10

15

20

30

35

[110]

G5

70

04
from memory are added and the sum stored in
specified address thercof. The two words arc added

accordance with the lows of algebra whereby the addition
of two positive words results in a positive sunt; the addi-
tion of two negative numbers results in 2 negative suny
and the addition of a positive and a negative word results
in a diffcrence between the two words, the differcnce
werd having an algebraic sign of the operand having the
arger absolute value.

In section 1 of an ADD instruction word is the code
designation therefor, i.c., 08: in section 2 thereof is the
memory address of the “addend”; in section 3 thereof
is the memory address of the “augend™; in section 4 is the
address in memory of the sum; and in section 5 is the
memory address of the next instruction word to be car-
ried out.

‘Thus, if the addend data word stored in memory ad-
dress 17 is to be added to the augend data word stored
in address 19, the sum data word is to be stored in
memory address 21, and the next instruction word is
located in memory address 22, an insiruction werd ca-
pable of initiating this perticular sequence of events 15
0817192122, Since nepative words are stored in memary
as complements thereof, the addition of a positive word
and a negative word, or the addition of two negative
words, results in the correct sum thereof. For example,
it 4222 is to be added to —111, the addition opceration
corriad out within the computer is 9999999889 plus
0000000222 equals 0000000111, 1f —222 is to be added
to —111, the addition operation carried out within the
computer is 9999999889 plus 9999999778 cquals
9406999667, which is the complement of —333.

37. Formtat of SUBTRACT Instruction Woird (§8UB~-09)

Like the “add” instruction, the “subiract” imstruciion
has a four-address format and obtains the difference be-
tween any two words in accordance with the laws of ai-
gebra.

Tn section 1 of a “subiract” instruction word is the
code therefor, i.c., 0.9; in section 2 thereof is the memory
address of the “minuend™; in section 3 is the memory ad-
dress of the “subtrahend’; in scction 4 is the memoiy
address of the “remainder”; and in scction 5 is the mem-
ory address of the next instruction word.

Suppose that the word in address 19 is to be subtractcd
from the word in address 17, the remainder siored in ad-
dress 21, and the next instruciion word stored in address
22. 1In this instance, an instruction word capable of
fnitiating this particular sequence of events is 0917192122,
According to the laws of algebra, when a negative word
is subtracted from a positive word, the absolute values
of the two words are added, and the sign of their sum
is positive. Thus, if the word G000000222 is stored in
address 17 and the complement of —444 is stored in
address 19, the compulation carried out within the
computer iy 9999599538 subtracted from GGOB000222 re-
sults in a remainder of GO000G0G66 to be stored in ad-
dress 21, If a positive word is subtracted from a nega-
tive word, the remainder i3 a nezgative word whose ab-
solute vaiue is the sum of the absolute values of the
two operands. Thus, if the complement of —-222 i3
stored in address 17 and the word 0800003444 is stored
in address 19, the computation carvicd out is 0000300144
subtracted from 9999993778 gives a remainder of
9999999334 to be stored in address 21, 93995692334 being
the complement of —666; if the complement of --222
is stored in address 17 and the complement of —444 i
stored in address 19, the computation corried i
9999999556 subtracted from 9999960778 gives o remain-
der of 0000000222 to be stored in address 21; and, if
the last-mentioned minuend and subtrahend are inicr-
changzed, the computation carried cut is 9999999778 sub-

tracted from 9989999556 gives a remainder of $999589778
to be stored in address 21, 9999999778 being the comple-

ment of —222.
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38, Format of SUM fnsiruction Word (SUM—IS)

The “sum” instru an
which take (dvhn age of the aJd ess-incrementing ability
of the computer and is utilized to £fcct algebraic addition
of a plurality of words lecated i onc*r‘oudam plu-
rality of sequentinl nddresees; lhcm“uer, the tota! is siored
in any preselected address in memory.

The code number for the SUM instruction—i.c.,10—-is
in section § of the instruction word; the pemory address
into which the tetel is to be stored is in section 2 thereof;
the menory eddress of the first word in the series to be
added is in scction 3; the memory address of the last
word in the series to be added is in scetion 4; and the
memory address of the next insiruction word is in section
5 thereof.

Suppose that all of the words located in addresses 84
through 84 ure to be added, the sum is to be stored in
address 7o and the next instruction word is stored in
address 85, Tn this instance, an instruction word capable
of Initiating this partictdar sequence of events is
10708038485,

ction Is ther of the instructions

38, Formar of ADD-PAIRS-OF-NUMBERS Instruction
Word (APN—II)

]

By using the “add-pairs-of-numbers” instruction, from
one to nine pairs of numbers are added together, and the
sum resuliing from each addition is returned to the ad-
dress of the operand of the highest address in each pair.

In this instance, the code number “11” for the APN
instruction is in scction 1 of the instruction word; the
low-order digit of the number in section 2 thereof speci-
fies the number of additions to be performed and the
high-order dipit thereof is a zero; the memory address of
the first word of the pair is in section 3 thereof, and,
after each addiiion, this particular address is incremented
by “one” to obluin the memory address of the first word
of the foilowing pair 10 be used in the subsequent adidi-
tion; the memiory address of the second word of the pair,
which also corresponds to the memory a(]r!rc°s of the
sum, is in secticn 4 of the instruction word, and, foilow-
ing thb 1dlah0n. the uddress in section 4 is decremented
by “cne” to cbtain the address of the second word of
the following pair of words, which address also corre-
sponds to the memory address into which the sum derived
from the following addition is to be stered; and in sec-
tion 5 of the instruction word is the address of the next
insfruction word.

Suppose that “five” pairs of words are to be added
the first word of the ﬁul pair being stored in address
15, the second word of the first pair being stored in ad-
dress 72, and the next instruction word being stored in
address 88.  An isstruction word capable of imitiating
this particular sequencs of events is 1105157288,

In carrying out the APN instruction, the sequence of
events 13 s follows: The word stored in memory address
15 is added to the word stored in memory address 72,
and the sum resuiting from the addition is stored in
memery address 72; thereafter, the address specificd in
section 3 of Gic instruction word is incremented by “one”
and thus becomes “address 16,” instead of address 15,
and, simultansously therewith, the address spwaf;d m
section 4 of the instruction word is decremented by “one”
and thus becemes "address 717 instead of address 72;
thereafter, the word in address 16 is added to the word
in address 71, and the sum resulting from this second ad-
diticn is stored in :;ddz““s 71; thereafter, the addresses
specified in section 3 and section 4 of the instruction word
are respectively incremented and decremented by “one,”
and, thereafter, the word stored in address 17 is added
to the word stored in address 7¢, and 0 on, uniil the
word stored in address 19 is added to the word stored in
address 68 and the sum resulting from the last addition
is stored in address 68.

it is to be noted that, upon complation of the carrving
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cut of the above-doseribed APN insiruction, the five sums,
restiting from the addiiion of the five pairs of numbers,
are respectively siored in memery addresses 68 1.uouyn
72, while the first word of each of the five pairs of word
tespectively remain in a corresponding onc of mumory
uddresses 15 through 19,

The APN instruction may be utilized, for example, in
a payroll application where it is desired to add an em-
ployee’s deductions, such as “Community Chest,” “Union
Juss,” “FICA,” etc, to each of the respeclive weckly
accumulations thereof. All of such additions are automa-
tically performed with only one instruction word, due
to the fact that the addresses in section 3 and section 4
of the instruction word are automatically modificd by the
compuler during the exccution of the instruction. Also,
as will be seen later, due to the foct that an instruction
word is stored in a “register” while the computer is ex-
ccuting the mstru:tion, the original instruction word nor-
mally remains in memory even though the instruction
pecified by the insiruction word has been previously car-
ried out to completion.

40. Format of MULTIPLY-DOLLAR-DECIMAL In-
struction Word (MDD—12)

There are two multiply instructions which are utilized
by the present computer. The first multiply iastruction,
“muitiply-and-store-dollar-decimal” (MDD), is a “fixed
decimal point” multiplication. That is, two words having
a maximum of ten decimal digits each are muHliplied to-
gether to obtain a product thercof having a maximum of
twenty decimal digits. Afier the multiplication, the prod-
uct is shifted one decimal position to the right, and, ef-
fectively, “five cents” is then added thereio in order to
round off the low-order digit thereof. Thercafter, the
product is shifted one more decimal position to the right,
and the ten low-order 1'"t5 of the product are steied
in the “product” addres

The numerical code for MDD-—ie., “12”—Is in section
1 of the instruction word; the address of the multiplicand
is in section 2 of the instruction word; in secticn 3 there-
of is the address of the multiplier; in section 4 is the ad-
dress of the product; and in section 5 is the address of ilie
next instruction word.

H it is desired for the word in address 49 to be multi-
plicd by the word in address 5¢, the product is to be
stored in address 95, and the next instruction word is
stored in address 6. An instruction word capable of
initiating this particular sequence of events is 1249509560,

According to the laws of algebra, the algebraic sign
of the product depends on the sign of the two words mul-
tiplied. That is, the algebraic sign of the product of
two positive or two negative words is positive, while the
algebraic sign of the product of a positive word and a
negative word is negative, The MDD instruction is a
special form of the “multiply-and-shift-product” instruc-
tion (MUS), to be described next, duz to the fact that
it is possible to obtain essentially the same result with
either instruction. However, upon completion of a MDD
instruction, both factors are retained in their original
addresses in memory, It is to be noted thut in a MDD
instruction, the address in section 3 of the instruction
word sheuld not also be the address into which the product
is to be stored; otherwise the product is incorrect in this
instance.

41. Format of MULTIPLY-AND-SHIFT Inustruction
Word (MUS—I13)

The second multiply instruction, “multiply-and-shift-
product,” in contrast to the MDD instruction, initiates
a variable-decimal-point type of multiplication. That is,
the two words are first multiplied together to obtain the
product thereof, which is stored in a twenty-digit register.
Thereafter. while in the repister, the product is shifted
either to the left or l‘o the right o predeiermined number
of decimal digit posi After being shified, the ten

QM5
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low-order digits of the shifted product are placed in the
product address in memory.

it is to be noted that the absolute values of the two
words, without regard to any decimal point locations,

re mulliplied together to obtain the product. Thereafter,

the product is shified either to the left or to the right
by a maximum of nine decimal digit positions and then
“rounded” if desired. As only the ten low-order digits
of the shifted preduct are stored in memeory, all digits
above the ten low-order digits are essentiaily ignored.

In section 1 of an insiruction word for initiating 2
MUS command is the code therefor, ie., 13; ia the high-
low-order digital position of section 2 is the product
“number-of-shifts” code; in the high-order digital posi-
tion of section 2 is the product “direction-of-shift” code;
in section 3 is the memory address of the multiplicand;
in section 4 are the memory addresses of the mulitiplier
and the product; and in section 5 is the memory address
of the next instruction word.

Suppose that the word in address 78 (0222200000) is
to be multiplied by the word in address 82 (0080000004 ),
the product is to be shifted five places to the right, and
the next instruciion word is stored in address 99, Thus,
an instruction word capable of effecting the carrving out
of this particular command is 1345897899, The product,
before being shifted in the direction of and by the rum-
ber of places specified, is 00000000000838300000.  After
being shifted five places to the right, the product stored
in address 89 is G000008888.

Again, according to the laws of algebra, the algebraic
sign of the product depends upon the sign of the two
words being multiplied; the product of two positive or
two nesgative words is positive, while the product of a
positive word and a negative word is negative. It is to
be noted that the positive or negative product stored in
mermory after the shifting operation is completed should
not exceed the capacity of the compuier memory. Even
though the multipticand may have essentially any value,
the absolute value of the muitiplier, however, should not
be greater than 959999999, i is also to be noted that
the multiplier is effectively “lost” following a MUS com-
mand. Therefore, to retain the multiplier, it is necessary
that a “shift” instruction precede the MUS instruction
in the program.

42. Format of DIVIDE Iustruction Word (DIV—14)

The “divide” instruction is utilized to effect the divid-
ing of one word by another in order to obtain a gquotient
thereof, with both the dividend and the divisor being
treated as whole numbers during the division.

In scction 1 of an instruction word for effecting a DIV
mathematical cperation is the code therefor, ie., 14; in
section 2 thereof is the memory address of the dividend;
in section 3 is the memory address of the divisior; the
memory address of the quotient is in section 4 and in
section S is the memory address of the next instruction
word.

As an example, if the word in address 43 is to be di-
vided by the word in address 57, the quotient is to be
stored in address ¢2, and the next instruction word is
stored in address 88. An imstruction word capable of
eficcting the carrying out of this particular command is
1443570288, As before, the sign of the quotient is alge-
braically determined by the algebraic signs of the two
operands; if the two operands are of the same salgebraic
sign, the quotient is positive, and, if the two operands
are of dissimilar algebraic signs, the quotient is negative.
It is to be noted that, esseatially, there is no limit to the
maximum value of the dividend (x). However, the high-
order digit of the absolute value of the divisor (y) should
be a “zero,” and the absolute value thereof is 959999999,
Also, in this instruction, the address of the dividend (x)
should not be the same as that in which the quotient is
to be stored; otherwise, the guotient is thereafter equal
to $010000000.
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43. Format of TAKE-ALTERNATE-INSTRUCTION-
IF XY Instruction Word (CFM—I15)

There are ceriain instances when it is desired for the
compuier 1o carry out an alternate instruction if a certain
word in memory is equal to or greater than other particu-
tar words in memory. With the use of a CFM instruc-
tion, it is possible for the computer to algebraically com-
pare the absolute magnitude of words located in two pre-
determined memory addresscs, and to use either the mem-
ory address specified in section 4 or the memory address
specified in section 5 of the inmstruction word for deter-
mining the next instruction word in the program, depend-
ing upon the result of the comparison.

In section 1 of the instruction word for effecting a CMF
operation is the numerical code therefor, i.e., “15™; in sec-
tion 2 thereof is the memory address of the first word
(x) to be compared; in section 3 is the memory address
of the second word (y) to be compared; in section 4 is
the memory address of the next instruction word if the
word in the memory address specified by section 2 is
equal to or greater than the memory address specified by
section 3; and in section 5 is the memory address of the
next instruction word if the word in the memory address
specified by section 2 is less than the word in the memory
address specified by section 3 of the instruction word,

Thus, if the first comparison word (x) is in address
46, tiie second comparison word (¥) is in address 5S¢,
the mext regular instruction is in address 1¢, and the
alternate instruction is in address 75. An instruction
word capable of initiating such a CFM operation is
1546507510.

44, Format of TAKE-ALTERNATE-INSTRUCTION-
IF X-£Y Instruction Word (CFE—I6}

The CFE instruction is somewhat similar to the just-
described CFM instruction, with the exception that the
CFE instruction compares the two words only for
equality.

In section 1 of an instruction word capable of initiat-
ing a CTE operation is tie code “167; in section 2 and
section 3 thereof are the memory addresses of the two
werds to be compared; in section 4 is the memory address
of the next instruction word if the two words are of
unequal magnitude; and in section 5 of the instruction
word is the memory address of the next instruction word
if the two words are of equal magnitude. Thus, if the
two words to be compared are located in memory ad-
dresses ¢35 and ¢6, the regular instruction word is lo-
cated in memory address 1g, and the alternate instruction
word is located in memory address 78. An instruction
word capable of initiating this type of operation is
1605067810.

45, Format of ENTER-PUNCHED-TAPE Instruction
Word (EPT—17)

The “enter-punched-tape” instruction utilizes the ability
of the computer to increment memory address designa-
tons in an instruction word. Consequently, by the use
of but a single instruction word, any poriion or even the
entire capacity of the memory is selectively stored with in-
formation read from a punched tape. The particular
type of tape reader utilized by the present conmputer is a
well-known commercially-available photoelectric type
such as that designated as Model 903 and at present man-
ufactured by Potter Instrument Company, Inc. As the
construction and mode of operation of such a tape reader
are well known to those skilled in the art, a detailed de-
scription thereof is not deemed necessary for a full and
complete understanding of the present invention. How-
ever, a brief description of the format of the decimal-
coded digital information on the punched tape is given
herein.

With reference to FIG. 88C, the paper tape used in
conjunction with such a tape reader is effectively divided
into eight equally-spaced “channels,” exclusive of “clock”
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channel (CLX), which are disposed paraliel with respect
to each other and with respect to the length of the tape.
A combination of perforations punched in predetermined
ones of the channel positions, and in a line perpendicular
to the length of the tape, collectively represent a particu-
lar decimal digit or symbol. For example, an absence
of a perforation in each of channels 1 through 4 repre-
sents the decimal digit “zero,” assuming, of course, that
a perforation appears in the clock channel “CLK”; a
single perforation in channel 1 represents the decimal
digit “one”; a single perforation in channel 2 represents
the decimal digit “two”; a single perforation in channel 3
represents the decimal digit “four”; a petforation in chan-
nel 1 and channel 2 collectively represent the decimal
digit “three”; and so on, so that a perforation in chan-
nel 1 and a perforation in channel 4 collectively represent
the decimal digit “nine.” It is also to be noted that a
perforation in channel 6 and a perforation in channel 8
collectively represent an “end-of-frame” symbol (EOF),
and a perforation in channel 6 and a perforation in chan-
nel 7 collectively represent an “alternate-instruction”
symbol (Al).

In the operation of some of the various types of con-
ventional paper tape punches, an odd number of holes,
exclusive of clock channel (CLK), is required to be
perforated in the tape to collectively represent a data
digit or a symbol digit. Thus, if a data digit or a symbol
digit is represented by an even number of holes, as shown,
a hole is additionally perforated in channel 5 in order
that an odd number of holes collectively represent that
particular digit; if the number of holes is already an odd
number, an additional hole is not perforated in channel
8. Thus, in the above tape, a hole is additionally per-
forated in channel 5 whenever the holes perforated in
data channels 1 through 4 collectively represent either a
“zero,” a “‘three,” a “five,” a “six,” or a “nine.” Also,
a hole is additionally perforated in channel 5 whenever
the holes perforated in symbol channels 6 through 8 col-
lectively represent either of the end-of-frame or alternate-
instruction symbols.

Therefore, whenever a hole is perforated in channel 6,
as for symbols (EOF) and (AI), the digit is not con-
sidered as “data.” Consequently, data punching errors
are cancelled simply by punching a perforation in chan-

nel 6 along with each incorrectly punched data digit, and .

the computer is thereby instructed not to consider these
data digits. A perforation in both channel 6 and chan-
nel 7 effectively causes the computer to immediately stop
the tape when the tape reader “senses” the “aliernate-
instruction” symbol {(Al) and to carry out the “alternate”
instruction specified in the instruction word. A perfora-
tion in both channel 6 and channel 8 causes the computer
to immediately stop the tape when the tape reader senses
the end-of-frame symbol (ECF) and to carry out the next
“regular” instruction specified in the instruction word. A
“frame” may comprise from one to one hundred words
ten decimal digits in length, with each word normally
punched one digit at a time, starting with the high-order
digit and ending with the low-order digit. However, each
word is thereafter sequentially read one digit at a time,
normally starting with the low-order digit and ending
with the high-order digit.

In an instruction word capable of initiating an “enter-
punched-tape” operation, the code designation therefor
(ie., “17”) is in section 1 thereof; in section 2 is the
“direction code”; in section 3 is the memory address into
which is stored the first word read; in section 4 is the
remory address of thes alternate instruction; and in sec-
tion 5 is the memory address of the next regular instruc-
tion.

The “direction code” in section 2 of an EPT instruc-
tion word determines the direction in which the tape
is to be transiated past the reading station. That is, a
“00” causes the tape to be translated in a forward direc-
tinn to permit the reading of both data and symbol digits,
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whereas a “01” causcs the tape to be translated in a re-
verse direction to permit the reading of symbol digits
only. Thus, the operation of an EPT command not only
is dependent upen the “direction code” in sestion 2 of
the instruction word but, in addition, depends upon the
particular type of digits to be read from the tape; ie., data
or symbol. Fowever, when an EPT instruction is first
initiated, the particular digit which is located directly over
the tape-reader head, as represented by a particular com-
bination of perforations, as heretofore described, may
be either a decimal digit from “0” through “9”, an end-
of-frame symbol (EQF), or an alternate-instruction sym-
bol (AI).

Thus, suppose that the number “00” is in section 2
of the instruction word and a combination of perfora-
tions representing a decimal digit is located directly over
the reading head at the beginning of the cycle of opera-
tion. 1In this instance, the tape is translated in a forward
direction past the reading station, and the first ten decimal
digits read are stored in mernory at the address specified
in section 3 of the instruction word; the address in sec-
tion 3 being incremented each time a ten-digit word is
stored in memory. Data words are sequentially read
from the tape and stored in memory until an end-of-frame
symbol (EOF) is read, after which the tape is stopped
and thercafter remains in position for the next recorded
digit to be read therefrom. In the event the number of
digits in a given frame does not equal an integral number
of ten-digit words, “zeros” are effectively “filled in” in
the remaining high-order digital positions of the data
word stored in the last one of the memory addresses used,
thus completing the word. Thereafter, the computer car-
ries out the dictates of the next instruction word stored
in the memory address specified in section 5 of the in-
struction word. It is to be noted that the particular num-
ber of words, thus stored, is not determined by the in-
struction word. The number of words stored in memory
in response to an “enter-punched-tape” instruction is de-
termined solely by the number of words recorded on the
tape between end-of-frame symbols.

If, in the preceding example, an alternate-instruction
synibol digit (Al) was positioned over the reading head
instead of a data digit, the tape is then indexed forward
by a distance of one digit, and the computer thereafter
carries out the dictates of the alternate instruction word
which is stored in memory at the address specified in
section 4 of the instruction word. In the preceding ex-
ample, an end-of-frame symbol (EOF) represents an
“iliegal” instruction for the computer. Consequently, in
this instance, the computer ignores that particular instruc-
tion and does not stop the tape.

If an “cnter-punched-tape” command (EPT) is initi-
ated with the number “01” in section 2 of the instruction
word and with a data digit initially positioned over the
reading head, the tape first starts to rewind—i. e., is trans-
lated in a reverse direction—and, conseguently, the data
information recorded on the tape is not read; thus no
data is stored in memory from the tape. The tape con-
tinues to rewind until an end-of-frame symbol (EOF)
has been read. When the end-of-frame symbol is read,
the computer immediately begins to carry out the dic-
tates of the next instruction word stored in memory at
the address specified by section 5 of the instruction word.
Thereafter, the tape continues to rewind until an alter-
nate-instruction symbol is read, at which time the tape
is automatically stopped.

Should an end-of-framec symbol digit be positioned over
the reading head in the just-preceding example instead of
a data digit, the tape starts to rewind, and the computer
immediately begins to carry out the dictates of the next in-
struction word which is stored in memory at the address
specified in section 5 of the EPT instruction word. When
an alternate-instruction symbol (AI) is thereafter first
read, the movement of the tape is automatically stopped.
However, if an alternate-instruction symbol has been po-
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sitioned over the reading head, the tape starts to rewind
and is stopped only when the next alternate-instruction
symbol is read subsequent to an end-of-frame symbol.
When the “end-of-frame” symbol is read, the computer
starts to carry out the dictates of the next instruction
word which is stored in memory at the address specified
in scction 5 of the EPT instruction word, even though
the tape continues to rewind under the control of the
tape unit only, and is automatically stopped when the next
alternate-instruction symbol (Al) is sensed, all end-of-
frame symbols (EQF) essentially being ignored. It is
to be noted that successive “enter-punched-tape” instruc-
tions should be separated by a minimum time lapse of
approximalely 3.5 milliscconds,

In the preceding example, in which the code number
“n1” is in section 2 of the instruction register instead of
“00” and the tape is in the process of being rewound, if
a subsequent “enter-punched-tape” (EPT) command is
initiated before the rewinding operation is completed and
the code number *00” is subsequently in section 2 of the
instruction register, the computer essentially waits until
the winding operation is completed before attempting to
carry out the next succeeding “enter-punched-tape’™ com-
mand.

46, Format Code Designations of Instruction Words

As just described, the code designations for the eighteen
instruction words are numbered from “00™ through “17.”
As will be seen later, the computer is properly responsive
to any one of the ccde designations “00” through “09”
even though the high-order digit thereof is any one of the
even-numbered digits 0, 2, 4, 6, or 8. Thus, for ex-
ample, the code designation for an “add” instruction (i.e.,
“08”) is effective in initiating the proper sequence of oper-
ations even though stored as “08,” “28,” “48,” “68,” or
“88.”  Also, the computer is properly responsive to either
of the remaining code designations “10” through “17”
even though the high-order digit thereof is any one of the
odd-numbered digits 1, 3, 5, 7, or 9. For example, the
code designation for an “add-pairs-of-numbers” instruc-
tion—i.e., “117—is effective in initiating the proper se-
quence of operations even though stored as *11,” “31,”
“51,” 71,7 or “91.”

Following are three charts, respectively labeled I, II,
and TiI, which give an abbreviated listing and description
of the various instruction words and formats thereof as
previously described.

CIIART I

Instruction Word Format

|
Instiructicn Sect. 1 Seet, 2 i Sect, 3| Seet, 4 | Seet. 3
o | (M INe pie Y *
0L (M e X Y *
02 X Y >
{3 s Y *
(44 . Y *
651 0 ¢} X Y *
o (e (DP)e 00 00 *
[ [¢] 00 00 *
) X Y bl *
1] e Y 7 M
10 Z X Y *
110 rl X Y *
14 X Y b4 *
13 ({1 Ay X *
15 X Y Z *
15 X Y Z *
K] e Y Z *
i7 (EPT)e X Z *

Where the asterisk represenis the address of the next reg-
ular instruction and { )¢ represenis the operational code
designation for that particular command as given by
Chart JI.
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NITART II
Instruction
BRW. B i
Py triug ot th
JLRORA Itnser thie wi

X through Y,

ROC. ... Record nn Lhe Jedger eard the
thrgeh Y

I Fhifn the vond in

OMA__ o Qlear aemory ad il Y

RS T Uppar, mildle, or o bar touch or held
overation.

S A L, Rtop.,

ADD o Add the word in aldress Xt the word in aliress Y
end store tlie sam in ol

SUB_ .. Suttract the word to ¢
address X amd il ai achlres

QUM .. Obtain the sum of the words inaddeesees Xthreugh Y
and store the sum inar 4

APN_

Adid ibe word in aiddress
fore the gt |

N, amnd refweat

e word inaddress
Aowith at kol

o ki
fhe word Tiade
W staee (he prod

deciranl paint b i
MUS . ... Multinly theword in
X. "Thereafter,
ST e and store the
DIV L Divide the woend in
Y oaud ztore the
CEM e
CPE s Carry oul the
7 3F the wo
inaddress Y
FOF tod N Haler the

memory, st
rHCLEon 8

an AL symbol is read from the

cAnT 111

Motor Bar Operational Code Dicdd

[12 SR Upper Mbotor Buar | 20 Beiweern Coalwirns 2 and
Hlouch,”

1T TUpper  Motor Bar il rl.... Tetween Qoluirns 5 and
“Hlnld,” 6.

2r.__... Middle  Motor  Bar || £2..._. Between Colutims 8 and
“oueh.” 9.

3. Middle  Motor  Bar b3 Automatin-esuie-Pro-
Sl grani,

4T e Toswer  Motor  Bar R
“Touach.”

BT oo Lower Motor  Buar |} Enter-t
“old.™ al Cod

[T Na Motor Bar (BECW || _
Onliy).

Enter-Card-Words Line-Find Qperational Code

Tnter New Card-Manual Mesumie Program,
Rlop on first Linefind- Manual Heswse rogran,

Stopon s nd Line-find-Alanaal ! e P 1ML
Stop on third I Tesitie Prosrant.

Stop on first 1. Tesume Pr :
Stom on second 1 unwe ros
Btop on third Line Trogr:

Tecord-On-Curd Line-Find Operational Code

Tecord Sinvle Tinefnd

o Not Ttecord Linefind,
Necord Multiple Linefind,

o

Wit and Direstional Operational Code

anhift Lel
Shife T
Shilt ‘hi.
Shift Rizht and Do Nat Preserve Sien (ST Only,

ving the nuber of shifts,

47. Instruction Execuiion Time

The following formulas give the first-order approxima-
tions of the time required for the execution of ench of
the previously-described eighteen instructions:
{(00—EKW) The computer starts to execute the next in-
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struction 0.250 second before the end of the last ma-
chine cycle initiated by the EXW instruction, the ma-
ching cycle time being approximately 0.6 sccond. The
total time (#) in milliseconds is given by the formula
1=350-4-600(Y —X)--(Y—~X-}-1)t,, where X is the
address in section 3 of the instruction word, Y is the
address in section 4 of the instruction word, and 1y, is
the average time interval between depressions of the
resume-program-bar.

(01—POW) The time required for POW is the same as
that for EKW, except that #, in this instance is the
amount of time that the accounting machine printer is
delayed while the carriage is moving from one stop to
another.

(02—ECW) The total time required to read and “line-
find” a ledger card thirteen inches in length varies from
1.5 seconds for a card on which posting is to take place
on the topmost posting line thereof to 2.5 seconds for
a fully posted card; the total time required to read and
eject a ledger card thirteen inches in length is 2.8 sec-
onds. For each inch decrease in length, the time re-
quirement is decreased by approximately 0.2 second.

(03—ROC) The total time required to record on and then
eject a ledger card thirteen inches in length varies from
1.5 seconds for a new card to 2.5 seconds for a fully
posted card. The total time required for reading and
recording on the ledger card varies from 3.0 seconds
for a new card to 5.0 seconds for either a partially or
a fully posted card.

(04—SHF) The time required for a shift instruction de-
pends on the particular digits placed in section 2 of
the instruction register; i.e., the direction of shift and
the number of shifts required. If the digits in section 2
are (2r), (4n), or (5n), the total time () in millisec-
onds is given by the formula ¢t=5.12--8.08r; if the
digits are (3n), then r=9.164-8.08n; and, if the digits
are (00), then ¢ is equal to 5.12 milliseconds.

(05—CMA) The time in milliseconds (z) required for a
CMA instruction depends upon the number of memory
addresses to be cleared and is given by the formula
t=3.444-1.68(Y —X), where X is the address in sec-
tion 3 of the instruction word and Y is the address in
section 4 thereof.

(06—MB) The total time (¢} in milliseconds required
for an MB instruction is given by the formula
f=3504-1,, where #, is the time elapsed before the
start of the machine cycle.

(07—STP) The time () in milliseconds required for a
STP instruction is given by the formula t=1.76-}-#,,
where 7y, is the time elapsed before the resume-program-
bar is depressed.

(08—ADD) and (09—SUB) The time required for either
an ADD or a SUB instruction is 9.16 milliseconds.
(i0—SUM) The time (#) in milliseconds required for a
SUM instruction depends upon the number of words o

be totaled and is given by the formula

t=9.084+(Y—X)4.04

where X is the address in section 3 of the instruction
word and Y is the address in section 4 thereof.

(11—APN) The time (#) in milliseconds required for an
APN instruction depends upon the number of word-
pairs to be added and iz given by the formula

1=9.164-{(n—1)7.40

where 5 is the number of pairs of words to be added.

(12—MDD) The time required for an MDD operation
is calculated from the following equations for an MUS
operation, except that, in an MDD operation, m is
equal to “3” and n is equal to “2.”

(13—MUS) The time required for an MUS instruction
depends on the “shift” and “direction” operational code
in section 2 of the instruction word, the algebraic signs
of the multiplier X and the multiplicand Y, and the
sum of the values of the digits of the multiplier. If
the high- and low-order digits in section 2 of the in-
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struction word are (m) and (r), respectively, the par-
ticular formula to be applied to obtain the time in
niilliseconds (¢) required to carry out a MUS instruc-
tion depends upon the algebraic signs of the two opet-
ands in the following manner:

(a) If the signs of X and Y are both positive, and m is
either a “2,” a “4,” ora “5,” then

9
§==104.72+8.08n+4.04>  X;

i=0
<<
(,::'..:Xi>
i=0

represents the sum of the digit values of the multiplier,
Xy being the lower-order digit of the multiplier, and
Xy being the high-order digit thereof. For example, if
the multiplier is equal to (12.45), then

9
(50)
i=0

is equal to (S4+4+24+14-0404+04-04+0--0), or (12).
However, in the above example, if r was a “3,” then

9
t=112.90+8.08n+4.042> 1 X;
i=0

(b) If the sign of X is negative and the sign of Y is posi-
tive, 12.12 milliseconds is to be added to the above time.

{c) If the sign of Y is negative and the sign of X is posi-
tive, 8.08 milliseconds is to be added to the above time.

(d) If the signs of X and Y are both negative, and m is
either a “2,” a “4,” or a “5,” then

9
t=112.904+8.08n+4.04>

i=0
where |X;| represents a general digit of the number, re-
gardless of whether the number appears in normal or
complemental form. However, when (m) is a “3,” then

X

9
£=120.98+8.08n +4.04>_ X;
i=0
The maximum time occurs when X is equal to
89,999,959.99, the sign of Y is negative, and a shift of
nine places to the right with “round-off” is desired. In
this instance (/max) is equal to .55 second. The mini-
mum time occurs when (i) is a “2” or a “4,” and (X)
and (n) are both equal to zero, the minimum time
being cqual to 0.1 second.

(14—DIV) The time in milliseconds (¢) required for a
DIV operation depends upon the algebraic sign of the
dividend and the divisor, and on the magnitude of the
quotient. When the signs of X and Y are both posi-
tive, t=48.28414; however, when the signs of X and
Y are both negative, or of opposite sign, ¢=56.28 414,
where ¢4 in each instance is equal to

7
(100Q9+ 10Q«‘+}:‘4Qi)8-08
ico

where (Qy) is the individual digits of the quotient. For
example, if the quotient Q is 000.4351000, then Q,
through Q, are equal to “0,” Qg is equal to “1,” Q, is
equal to “5,” Q; is equal to “3,” Qg is equal to “4,”
and Q7 is equal to “0.” Consequently,

in this instance is equal to (1-~5-+34-4), or (13). The
maximum time required for a DIV operation is ap-
proximately six seconds.

(15—CFM) The time required for a CEM operation de-
pends only on the algebraic signs of the two words to
be compared. If X and Y have the same sign, f is
equal to 9.16 milliseconds; however, if X and Y have
opposite signs, 7 is equal to 5.12 milliscconds.
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{(16—CFE) The time required for a CFE operation is
7.48 milliseconds.

(17—£PT) The time in mifliseconds () requ for
EPT instruction depends upon the frame of data :
and i3 exprcssed by the formula r=15-}-1.66N, wiere
is the number of digits per frame.
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48, instruction Register Generally

While the computer is in the process of carrying out
the instruction ied by one of the jn'gi described in-
struction words, that particular instruction word is effec-
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however, line SUB is TRUE only for o “subtract” com-
maad, ie., “09.” In addition, line MUS is TRUE when
either a “12” or a “13” is stored in section 1 of the
instruction I'Cﬂi.]il\.[‘ ie., for either a “muliiply-dollar-
decimal” or a mlﬂtlp}y and-shift” instruction; however,
line MDD is TRUE only for a “multipiy-doliar-decimal”
command, ie, code “12.” An additional readout is pro-
vided by line MOD, which is essentially a logical OR
of lines MUS and DIV and which sugmﬁcs that either
a multiplication or a division operation is being curried
out.
50. Section 2 of Instruction Register

With reference to FIG. 57, section 2 of the instruction
register includes eight {lipflops, 68C6 through &613, which
store the seventh and eighth-order digits of the instruction
word. As previously mentioned with res I)fct to thot part
of the foregoing description relating to the “Insiruction
Word Format,” section 2 of the instructicn register is
utilized to store the address of either the first or the sec-
ond operands, the destination address, or a @p-mzi coide,
depending upon the particular instruction. A decoder for
the high-order digit-register of section 2 i3 provided with
seven readout lines Hg through H6 to respectively indi-
cate a digit having a vaiue “zero” through “six” being
stored in the high-order digit-regisier; the decoder for the
low-order digit-register is provided with readout Iines Lo
through L3, which respectively indicate a digit having a
value of “zero” through “three” being stored in the low-
order digit-register.

For example, in an instruction calling for a particular
motor bar operation of the accounting machine portion
of the computer, readout lines H¢ through Hé indicate
which motor bar should be depresscd and what type of
depression is desired—i.e., “touch™ or “hold”—in carryving
out a “shift” instruction (SHF—04), and readout lines
H2 through H5 indicate the direction and type of shift
desired. The simplified logical equations for each of
readouts He through H$ are as listed below. It is (o be
noted, however, as shown in the logical circuit diagram
of FIG. 57, that readout lines H2 and H4 cannot go
TRUE during a “multiply-dollar-decimal” instruction
(MDD—12), while rcadout line H3 is permitted to go
TRUE unconditionally.

Tl ={(17dY (17c)’ (L7’ (17a)’

111 —-(Ld)’ (1; 7y 17e

112 = (17} 176 (Liay (MDTH
13 = (17c)" 175  17a -E WMD)
H4 = e (A7 (17«)' (ML)
Hi= Iic (370 17u

HE = 17c 17 (iay’

Readout lines Lo ihrough L3 not only are utilized in an
“enter-card-words” instruction (ECW—82) but also
utilized in any of the instructions which call {for a periicu-
lar motor bar operation, such as “enter-keybourd-words”
(EKW-——88) and “print-out-words” (POW—51). For
an EKW and a POW command, readout lines L through
L3 selectively indicate the particular decimal point lamp
on the Leyboard that is to be illuminated and/or the par-
ticular “order-hook™ solencid that is to be enc
The simplified logical equations for readeut I
through L3 are as given below:
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It is to be noted that output lines 17« through 174 of
the high-order digit-register of section 2 of the instruction
register are respectively connccted as zn input to one of
flipflops 6847 through 63053 of the high-order section of
the word-selecting register previously deseribed with re-
spect to FIG. 64. It is also to be noted that cuiput lines
16a through 164 of the low-order digit-register of sec 1i01
2 of the instruction register are respectively connected a

an input to flipflops 8831 thxough €554 of the Avw-md
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section of the word-selecting register previously d;scrlbcd
with respect to FIG. 65, all of which may 1no

be scen by reference to the block diagrem s‘mwn in rl(_r
45, "Fhus, as lincs i7a through 174 of FIG. 64 and lin

i /a through 164 of FIG. 65 are cach Jogically ANDLD
with tine T2, which originates in FIG. 61, after the word-
selecting register is pxc<c£ to “00” by effzcting a TRUE-
to-FALYE reversal of the siate of line (*’Wr,b) the high-
and low-order digits stored in section 2 of the instruction
register are permitted to respectively be simultanecusly
transferred directly into the high- and low-order digit posi-
tions of the word-selecting register by effecting selective
energization of line TI2, selective energization of line
Ti2, therefore, effecting the transfer of the contents of
section 2 of the insiruction register into the word-selec-
tion register.

51. Section 3 of Instruction Register

As previousiy mentioned, section 3 of the instruction
register normally stores either o destination address or
the address of one of the operands. With reference to
the Jeft-hand portion of FI(:. 58, section 3 of the instruc-
tion register comprises eight flipflops, 6614 through 6621,
lipflops 6014 through 6617 being a part of the high-order
digit-register (I5) and {lipflops 6318 throush 6521 being
a part of the low-order digit-register (I4) thereof, as illus-
trated in the block diagram of FIG. 45. The two digit-
registers (14) and (I5) are interconnected in such a man-
ner that, when so combined, they function essentially as a
binary-coded-decimal counter which is capable of effec-
tively counting from C0 to 9% in units of “one.”

To accomplish this, flipflops 6418 through 6821 of digit-
register (I4) are connected together to collectively func-
tion as a “powers-of-two” binary counter that incremenis
one unit each time the state of line IN4 changes from
TRUE to FALSE. After a count of “nine” (binary 1001)
is reached, digit-register (14) recycles back to “zerc”
(binary 0000) on the next change of state of line IN4
from TRUE to FALSE. Flipflops 60814 through 6017 of
digit-register (I5) are connecied together to also collec-
tively function as a “powers-of-two™ binary counter that
effecttvely increments by onc unii cach time digit-register
(14) recycles from “nine” back to “zere.” Thus, it can
be said, a four flip-flop powers-of-two forward-counting
binary counter is one in which a change of state of ths
reference output of any or all of the four flipflops from a
TRUE state to a FALSE state causes a corresponding
reversal of the state of the next succeeding high-order
flipflops. Thereforz, each flipflop effectively “divides”
the reference output of the succeeding low-order flipflop
by a factor of “two.”

With all four flipflops of each of digit-registers (I4)
and (IS) conmected in a conventional manner, each of
the registers would normally count jrom “zero” (blmrv
0000} to “fifteen” (binary 1111) and then return to “zero”
to agnin start the count cycle. However, in the instant
case, digit-register (14) includes a logical AND gate 1667
(FIG. 59), which detects a count of “nine” Leing held by
digit-register (£4), 2 count of “ninc” (binory 1001) being
indicated by a TRUE state of cach of the amplified refer-
ence outputs of ﬁipﬁops 6818 and 6821, Thus, it is
evident that, when refercnce output lines 144 and 34¢ are
both simultanecusly TRUE, output line I4% from gute
1067 (FIG. 59) is likewise TRUE ezch time the counter
rcaches a count of “nine,” line (142)’, of course, being
FALSE at that particular moment. As line (149)"
FALSE only during & count of “nine,” the state of the
m‘im» input to fliptop 6019 (FrG. 58) is prevented from

being chanped from 1‘”UL to TALSE during the rext
succeeding TRUE- *0 SALSE change of state of line I4a.
Censequently, lines w and T4c remain FALSE. At the
same time, a logicul D (1£29) of lincs 142 and IN4
effectively returns the ¢ of line T4d ‘mck to FALSE,
thus rcturning digit-re (14) to “zero,” whereby out-
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put lines I4a through I4d are FALSE, indicative of binary
0000, Each time the state of line 144 goes from TRUE
to FALSE—ie., when digit-register (I4) recycles—the
state of flipflop 6014, thence the state of output line 154,
is reversed thereby. It is to be noted, however, that digit-
register (I5) is not recycled when a count of “nine” is
reached therein, as in the case of digit-register (I4).

With reference to FIGS. 64 and 65, lines I84 through
154 and Ida through I4d cf section 3 of the instruction
register are each logically ANDED with line T13 in such
a manner that, after the word-selecting register has previ-
ously been preset to “08,” the contents of section 3 of the
instruction register is transferred to the word-selecting
register by effecting a TRUE-to-FALSE change of state
of line TIi3.

52. Section 4 of Iastruction Register

Section 4 of the imstruction register, as previously men-
tioned, is utilized to store either the address of one of the
operands, the address of the result, or the address of an
alternate instruction. As shown in FIG. 58, and also in
the block diagram of FIG. 45, the fourth section of the
instruction register includes a high-order digit-register
(13) comprising four elcctrically-interconnected flipflops
6022 through 6025, and a low-order digit-register (12)
likewise comprising four electrically-interconnected flip-
flops 6026 through 662% Each of digit-registers (I12) and
(13) independently opcrates essentially as a power-of-two
binary counter However, instead of being capable of
counting in a forward direction as digit-registers (14) and
(I5) of section 3, digit-registers (I2) and (I3) are con-
nected in such a manner as to collectively count in a
reverse direction, in units of “one,” from 99 to 00 for each
succeeding TRUE-to-FALSE change of state of line DE2.
Consequently, it can be said that each flipflop in such a
forward-counting register is essentially a scale-of-two
binary counter which effectively “divides” by two the ref-
erence output binary notation of a successive low-order
flipflop, whereas each flipflop in such a reverse counting
register effectively “divides” by two the prime output
binary notation of a successive low-order flipfiop.

With flipflops 6826 through 6029 of digit-register (I2)
interconnected in a conventicnal manner to functicn as a
reverse counter, digit-register (I2) would then normally
count backwards in units of “one” until a “zero” count
(binary 0000) is reached, and then would return to a
count of “fifteen” (binary 1111) to stort the count cycle
again. However, in the instant case, digit-register (12)
includes a logical AND gate 1866 (FIC. 59), which de-
tects a count of “zero” condition of digit-register (12), a
count of “zero” (binary GG00) being indicated by a
FALSE state of each of output lines T2a through I2d frem
flipilops 6826 through 6629, respectively, or by a TRUE
state of each of prime ountputs (I2¢)° through (124)°.
Thus, when all of lines (12¢)" through (124) are simui-
taneously TRUE, output line I2» from gate 1866 (FIG.
59) is likewise true each time the digit-regisier reachss a
count of “zern,” line [3¢) of course, being FALSBE ot
tha: particular moment. As Lne (124)7 is FALSE only
during ths count of “zero,” the state of the prime input to
fiipliop 6827 is prevented from being changed from TRUE
to FALSE during the nest succeeding TRUE-to-FALSE
change of state of line (iZq)’. Consejuently, the states
of tines (I2p)’ and (12¢)’ remain TRUE. Simaltaneously
therewith, a logical AND of lines DEZ and 1Zp (2841)
effeciively returns the statc of line 24 back to TRUE,
thus returning digit-register (12) to a count of “nine,”
whereby cutput lines I2q and I2d arc TRUE and lines
126 and 12¢ are FALSE, indicative of binary 10¢1. Each
time the state of line (IZd)’ changes frem TRUE to
FALSE ie., when digit-regisier (1Z) recycles back o a
count of “nine”—the state of fipflop $022, thence the state
of line 134, is reversed thereby. It is to be noted that digit-
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register (I3) is not recycled when a count of “zero” is
reached, as in the cuse of digit-register (12}.

With reference to FIGS. 64 and 65, the reference cut-
put lines from section 4 of the instruction register are
each logically ANDED with line TI4 in such a manner
that the contents of section 4 of the insitruciion register
is transferred to the word-selecting register by effecting
selective energization of line TI4, assuming, of course,
that the word-selecting register is initially preset to “00.”

53. Section 5 of Instruction Register

As previously mentioned, secticn 5 of the instruction
register stores the address of the next regular instruction
and, as shown in FIG. 59, comprises eight flipflops 6630
through 6037, flipfiops 6030 through 6933 being inciuded
in high-order digit-register (1) and flipfiops 6834 through
6637 being included in lower-order digit-register (Ig).
Digit-registers (I1) and (Is) are of conventional circuit
configuration and indicate, in binary-coded decimal form,
the value of the decimal digit stored therein, and, con-
sequently, a more detailed descripticn thereof is not
deemed necessary.

With reference to FIGS. 64 and 65, output lines Iig
through 114 and Tga through Igd from section 5 of the in-
struction register are each logically ANDED with line TI5
in such a manner that the contents of section 5 of the in-
struction register is transferrcd to the word-selzcling reg-
ister simply by effecting 2 TRUE-to-FALSE change of
state of line TIS, assuming, of course, that the word-select-
ing register is initially preset to “00,” as before stated with
respect to sections 2 through 4 of the instruction register.

84. Instruction Register Preseis

There are two “preset” lines for the instruction regis-
ter, which are utilized to preset each section thercof to
thereafter be representative of a specific two-digit numer-
ical designation. For example, section 1 of the instruc-
tion register (FIG. 55) is preset to “00” by effecting a
TRUE-to-FALSE change of state of line (PI¢)’, which
presets the state of output lines 194 and I8« through 184
FALSE, indicative of “007; section 2 of the instruction
register (FIG. 57) is simultaneously preset to “00” by
line (PIgp)’, which presets a FALSE state of output lines
I7¢ through 174, and 16s through 164, also indicative of
“00"; section 3 (FIG. 38) is also simultaneously preset
to “00” by line (PIs)’, which presets the states of ouipu
lines I5a through I5d, and ida through Idd, FALSE,
indicative of “C0”; cach of the digit-registers of section 4
(FIG. 58) is, however, simulteneously preset by binary
1111 by a TRUE-to-FALSE change of state of line Plg)’,
which presets he states of ouiput lines I3z through I3d
TRUE., indicative of binary 1111, and presets the states of
output lines i2q through 24 TRUE, also indicative of
binary 1111; and section 5 (F1G. 59) is siultancously
preset to “C0” Ly line (Plg)’, which presets the states of
output lines Iig through I1d and Iga threugh Ied, FALSE,
indicative of “¢0.”

From the foregoing, it is seen that szlective encrgiza-
tion of preset line (Ple)” causes eash section of the
instructicn register to be preset to “00,” with the excep-
tion of section 4, each section of which is preset thereby
to binary 1111. In cther words, the reference outputs
of all ¢he flipflops in sections 1, 2, 3, and 5 of the instruc-
tion register are preset FALSE, whereas the referencs
outputs of the flipflops of scction 4 therecf are presst
TRUE by (Plg)’ prior to the “loading” of a word from
memory into the instruction register. The reason for
this type of presct is that, due to the previously-described
decrementing sbility of section 4, it has been found
expedient, circuitwise, to first preset the reference out-
put of each of the flipflops of section 4 to a TRUE rep-
resentation and then reverse the state of each particular
reference output whenever iis corresponding binary bit
from memory is “zero,” contra to presetting the reference
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outputs FALSE and then reversing the state of each Wﬂcn
the corresponding bit from memory is a binary “omne.’
However, to avoid confusion, and for the purpose of
convenience in the following description, the above pre-
setting technique of the instruction register by line (Plg)’
will, nevertheless, be hereinafter referred to as presetting
the instruction register to “zero.”

With reference to FIG. 58, the second preset line PRB
is a logical AND (1645) of lines SP and FG and is
utilized to preset secticn 4 of the instruction register to
“99” after the instruction register has previously been
preset by line (PIg)’., The purpose for such a preset is
to be covered hereinafter.

As previously described with respect to the memory
scnse amplifiers shown in FIG. 67 and the wave-form
chart of FIG. 86, each time 2 binary “one” is read out
of memory, the state of line MSA is changed from FALSE
to TRUE at a time approximately three microseconds
after TIME-3, and then its state returns to FALSE at
the next succeeding TIME-2. Thus, with reference to
FIG. 53, it is seen that from TIME-4 to the next suc-
ceeding TIME-1 during a “memory-lo-instruction-regis-
ter” word-cycle in which line MI is TRUE for approxi-
mately 1600 microseconds, line BeL is TRUE if the binary
bit “a” just read out of memory is a “one,” otherwise
line BaL remains FALSE; during the next succeeding
time interval of ten microseconds from TIME-4 to
TIME-1, line BSL is TRUE if the binary bit “b” just
read out of memory is a “one,” otherwise line BdL
remains FALSE; during the next succeeding time interval,
line BcL is TRUE if binary bit “c” just read out of
memory is a “one,” otherwise line BcL remains FALSE;
and, during the next succeeding ten-microsecond time
interval from TIME-4 to TIME-1, line B4L is TRUE
if binary bit “d” just read out of memory is a “one,”
otherwise line BdL remains FALSE.

As shown in FIG, 59, lines BgL through BdL are each
individually ANDED with the low-order read-out line
D¢ of the previously-described digit counter (FIG. 63)
and then respectively connected to the reference inputs
of flipflops 6637—6034 of the low-order digit-register
(Ig) of section 5 of the instruction register; lines Bal
through BJdL are also individually ANDED with the
second-order read-out line D1 of the digit-counter and
then respectively connected to the reference inputs of
flipflops 6833—6030 of the high-order digit-register (II)
of the fifth section of the instruction register. Thus, if it
is assumed that the instruction word stored in memory
address ¢¢ is to be transferred into the instruction regis-
ter, the state of flipflop 6637 is first “set” in a manner to
be indicative of the magnetic state of core 885 (FIG.
52A), forty microseconds later the state of flipflop 6036
is “set” indicative of the magnetic state of core 886,
forty microseconds later flipflop 6935 is “set” indicative
of the state of core 887, and so on, until the first eight
binary bits of the word in address ¢¢ are effectively stored
in section 5 of the instruction register, the first four bits,
of course, representing the low-order digit and the second
set of four bits representing the second-order digit of the
word in address ¢¢.

Input lines BaL through BdL are similarly ANDED
‘with the remaining output lines D4 through D9 from the
digit counter to effect transfer of the corresponding digits
of the word in memory and subsequent storage thereof in
sections 1 through 3 of the instruction register. For ex-
ample, in section 3 (FIG. 58) are stored the fifth- and
sixth-order digits, in section 2 (FIG. 57) are stored the
seventh- and eighth-order digits, and in section 1 (FIG.
55) are stored the ninth- and tenth-order digits of the
word located in address ¢¢. As previously described,
the reference output from each of flipflops 6022 through
6029 (FIG. 58) of section 4 of the instruction register is
initially preset TRUE just prior to a memory-to-instruc-
gion-register word sransfer. Thus, if the binary bit just
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read out of memory is a “zcro,” line (MSA)’ remains
TRUE, and, consequently, output line S4L is rendered
TRUE from TIME-4 to TIME-1. Therefore, assuming
that low-order bit “g” of the third-order digit is a “zero,”
the prime input to flipflop 6626 goes from TRUE to
FALSE at TIME-1 approximately forty microseconds
after the state of flipflop 6030 (FIG. 59) is “set” indic-
ative of bit “d” of the second-order digit of the word in
address ¢¢; a TRUE-to-FALSE reversal of the prime in-
put to flipflop 60286, of course, “sets” the state thereof so
that output line 124 is rendered FALSE, indicative of
binary “zero.” The remaining bits of the third and
fourth order digits are sequentially stored in section 4
in the same manner as just described.

55. Summnary of Instruction Register

In suminary, t‘le instruction register is provrr! d with a
binary “bil™ serializer at the input of each digitre
thezeof 'm'i Jso is pmvzded mm a snxnh.:u en a dig
by'(‘ .‘
digit-1 y,vex'tmdcr digil—
register am‘. cr\ding wi!h tha hi wst-ordfzr digit-regisier
thereof.  Conscquenily, by mcans of a “memory-to-in-
struction-register” transfer instruction, the word stored in
memory is transferred iris the instruction register, digit
by digit, starting with the Jow-order digit thereof, the
lovi-order digit being stored in digit-register (Iq)) of sec-
tion 5 and the high-order digit being stored in digit-reg-
ister (19) of section 1 of the instruction register.

As previously described, and as illustrated in the block
diagram of FIGS. 45A and 458, the digit stored in a se-
lected one of low-order digit-registers (Ig), (12), (I4),
or (16} is selectively stored in the low-order digit-register
(We¢) of the word-selecting register, and, simultaneous-
y therewith, the digit stored in a selected onz of high-
order digit-registers (I1), (I13), (IS), or (J7) is selec-
tively stored in the high-order digit-register (W1) of the
word-selecting register. Additionally, the low-order digit
of section 2 of the instruction register is selectively stored
in an “R-counter,” which is next to be described in detail.

56. R-Counter

it-

With relerence to FiG. 6R, there is logically illustrated
a reverse-counting counter, hereinafter tcrmed “R-coun-
ter,” which includes four interconnected flipflops 63457
through 6669. The R-counter operates essentially in the
same manner as low-order digit-register (12) of section 4
of the instruction register, previousiy described in detail,
in that it is a single digit counter capable of counting in
a binary-coded-decimal code in a reverse digital order.
For example, if the R-counier is initially at a count of
“nine,” on each occurrence of a TRUE-to-FALSE change
of state of line DR, the R-counier is effectively decre-
mented by one decimal digit until a count of “zero” is
reached. However, as no recycling of the R-counter is
provided, on the next subsequent change of state of line
DR the R-counter is returned io a count of binary 1111,
instead of binary 1021 as in digit-register ({2). The two
presets provided for the R-counter are preset line PRe,
which presets the counter to “zcro” by causing the states
of flipflops 6857 through 6869 to be such that each of the
reference outputs thereof is FALSE (hereinafier known
as setting a {lipflop “FALSE”), and preset line PR3, which

preseis the counter to “cight” by setiing fipflop 6049
TRUE and setting flipflops 6037 through 6839 FALSE.

Any single decimal digit, from “zero” to “nine,” is se-
lectively lcaded into the R-counter from two different
sources.  For example, the digit stored in the low-order
digit-register (I6) of scction 2 of the instruction register
is transferred into the R-counter by means of selective
energization of line RLR. However, prior to loading, all
four Gipflops 6357 through 6430 of the R-counter are first
presct FALSE by means of preset line PR, Thereafter,
the siate of each flipflop is seiectively set Ly line RLR to
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correspond to the state of the corresponding flinflop in
digit-register (i6) of the instruction register. Thus, if
digit-register (16) were storing the numeral “six,” so that
flipflops 6931 and 6012 (FiG. 57) were TRUE (fiipflovs
6010 and 6813 being FALSE)}, when the state of line RLR
is rendered FALSE after being TRUE for at least twently
microseconds, both of flipflops 6833 and 6853 (FiG. 68)
are simultancously set TRUE. Therefore, it is evident
that any digit from “zero” to “nine” is selectively trans-
fzrred from digit-register (I16) to the R-counter.

After the R-counter has previously besn presct to
“rero” by line PR#, any digit being read out of memory
is selectively stored in the R-counter by effacting sequen-
tial energization of line RLM simultancously with one of
output lnes Ba through Bd from the bit-counter (FIG.
62). Thus, the bit-counter operates as a so-called “serial-
izer” at the input of the R-counter to cffect selective set-
ting of the states of the four flipflops therein to corre-
spond to the four binary bits being sequentially read out
of memory and corresponding to the particolar memory
digit to be stored in the R-counter.

The R-counter is usad in various of the instructions for
different purpcses. For example, in a “shift” instruc-
tion, the R-counter is first loaded with the low-order diuit
stored in section 2 of the instruction register, which digit
specifies the number of places the word in memory is to
be skifted. Afier the entire word has been shifted one

igital order, the R-counter is effectively decremented by
one decimal digit by line DR and then is essentially
“checked” to determing if the R-counter is at a count of
“zero.” In that way, the R-counter is used to serve as an
indication as to the remaining number of digital cordern
the word is to be shiftzd. in a division operation, sup-
pose that it is necessary to perform a series of subtraction
operations during which eight shift operations of boih
the quotient and the remainder is requircd. 1In this in-
stance, the R-counter is initially preset to a count of
“eight” and therealter decremented by one decimal digit
after each shifting operation is complcted, until a count
of “zero”™ is reached. 12

in other words, the R-counter
counts downwardly from “eight” and thus keeps a record
of the number of shifts remaining. In a “multiplv-and-
shift” instruction, the R-counter is sequentially loaded
with each onc of the digits of the muliivltier word in
memory. The K-counter then conirols the number of
times that the multiplicand is added into an accomulating
register, and signifies when the required numbers of addi-
tions have been performed. in a “multinly-and-shift” or
a “multiply-dollar-decimal” instruction, the R-counter is
utilized to record the number of times that the product
has been shifted, and, as a result, determines the number
of shifiing operations remeining to be completed.

The R-counter is capable of providing three logicaliy-
derived readout signals from output lines R¢, 1, and RE.
Among other purposes, the states of readout lines R¢ and
B1 arc respectively utilized during a “shift” coperation to
indicate when the R-counier is at a count of “zero” or
“one”; the state of readout line Re is utilized during both
multiply instructions to indicale a “zero” count of the
2-counter; and readout line X8 is uiilized during all multi-
ply and divide instructions, during which time the R-coun-
ter is effzctively recording the progress of the instruction
as it is being carried out.

57. F-Counter

With reference to FIG. 72, there is logically illustrated
a single-digit forward-counting counter, hereinafter termed
“F-counter,” which includes four electrically-intercon-
nected flipflops 6873 through 6676. The specific mode of
operation of the F-counter is eszentially the same as that
of the previcusly-described high-order digit-register (15)
of section 3 of the instruction register (FIG. 58), and,
consequently, a detailed description is not deemed neces-
sary for a full and complete understanding thercof. Like
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digit-register (I5), the F-counfer is capable of counting
from “zero” to “fifteen” and then recycling to a count
of “zero.”

Prior to a mathematical computation, the F-counter is
generaliy preset to “zero” by means of a FALSE-to-TRUE
change of state of preset line PFg. Thereafter, on each
successive TRUE-to-FALSE change of state of line AF,
tha F-counter is incremented from a “zero” count and
advanced by one decimal dizit for each change of state
of line AF. It is to be noted, however, that selective
erergization of line PFg presents the F-counter back to
“zero” regardless of the count held therein. The F-counter
is provided with four readout lines, Fo, F8, IF9, and Flg,
which respectively indicate a count of “zero,” “eight,”
“nine,” and “ten” thereof.

58. Compare F-Counter and Digit-Counter

With refcrence to the upper right-hand portion of FIG.
72, the states of output lines Fa through Fd and (Fa)’
through (Fd)’ from the F-counter are logically com-
pared with respect to the states of output lines Da through
Dd and (Da)’ through (Dd)’ from the digit-counter,
previously described with respect to FIG. 63. Thus, the
state of output line (}FD)’ is TRUE whenever the digital
count of the F-counter is equal to the digital count of the
dizit-counter; however, the state of output line (IFD}’
is FALSE as long as there is inequality between the con-
snts of the F-counter and the digit-counter.

59. “J” Digit-Register

With reference to the lower right-hand pertion of
FIG. 71, there is logically illustrated a digit-register,
hereinafter termed “¥” digit-register, which includes four
electrically-interconnected flipflops 6467 through 6079
collectively capable of storage of any number from binary
0000 through and including binary 1111, The “J” digit-
register is selectively preset to “zero” by eilecting a
TRUEBE-to-FALSE change of state of input line Plg.
Thereafter, the states of flipflops 6867 through 6679 are
selectively conditioned to collectively represent either of
decimal digits “one™ or “five” by effecting a TRUE-to-
FALSE change of state of a corresponding one of input
lines PJ1 and PIJS.

The “J” digit-register is capable of being loaded, via
line JL, with any digit previously stored in any one of
memory addresses ¢¢ through 99, or addresses A or B,
or, as will be seen later, with a digit magnetically read
from a ledger card. However, prior to loading the “J”
digit-register, each of the flipflops therein is effectively
praset to “zero.” Thereafter, the states of flipflops 6070,
£969, 6043, and 6267 are sequentially conditioned to re-
spectively correspond to a different one of the four binary
bits which are sequentially read {rom memory or the
ledger card in the following manner: As illustrated in
FiG, 71, output line MSA from the memory sense ampli-
fier fiipflop 6253 (FIG. 67) for addresses ¢¢ through 99,
output line ASA from the memory sense amplifier flipflop
€656 for addresses A and B (FIG. 67), and output lire
CSA from the ledger card sense amplifier flipflop 6144
(FIG, 85), essentially are each logically ANDED, via
line JL, with each of output lines Ba through Bd from
the bit-counter (FIG. 62). Consequently, if bit “a” of
the digit is a binary “one,” the state of the reference out-
put of flipflop 647€ is rendered TRUE; if bit “b” is a
binary “zero,” the state of the refcrence output of flin-
flop 6469 remains FALSE, and so on.

Logicaliy illustrated directly above flipflops 6967
through 6070 are three additional readout lines J¢, 19,
and EOW, whose individual state of energization is in-
dicative of a particular numbcr stored in the “J” digit-
register. For exampie, the state of output line J¢ is
rendered TRUE whenever a binary 0009 is stored in the
register; the state of outpui line I2 is rendered TRUE
wihcnever a binary 1001 is stored therein; and a TRUE
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state of output line EOW is indicative of a binary 1111
being stored thercin. In addition to the availability of
a parallel type of read-out, the output of the “J” digit-
register is also effectively serialized, in that output lines
Ja through Jd thereof are logically ANDED with the
bit-counter output lines Ba through Bd via logical AND
gates 1432 through 1435, line Jg being ANDED with line
Ba, line Jb being ANDED with line Bb, and so on. The
outputs of logical AND gates 1432 through 1438 are logi-
cally ORED togcther and terminate at output line JS.
Output line IS, for example, is logically connected as an
input line to the “write-control” circuitry (FIG. 60), so
that the digit in the “J” digit-register is capable of being
selectively stored in any one of memory addresses ¢¢
through 99, or addresses A or B.

60. Compare F-Counter and “J” Digit-Register

With reference to FIG. 72, a compare circuit is illus-
trated as comprising eight logical AND gates 1462 through
1469, which are logically ORED tegether and terminate
at output lines IFJ and (IFJ)’. The output lines from
the “J” digit-register (FIG. 71) and the output lines from
the F-counter (FIG. 72) are logically connected to se-
lected ones of AND gates 1462 through 1469 in such a
manner that the value of the digit stored in the F-counter
is effcctively compared wilh the value of thz digit stored
in the “J” digit-register. When the two digits are of un-
equal magnitude, the state of output line IFJ is rendered
TRUE. However, when the value of the two digits is of
equal magnitude, the state of output line (IFJ)’ is ren-
dered TRUE, indicative of equality.

61. “K” Digit-Register

In FIG. 70 there is logically illustrated a second digit-
register, hereinafter termed “K digit-register, compris-
ing four electrically-interconnected flinflops 6862 through
6065, which are collectively capable of storage of any
number from binary 0000 through and including binary
1111. The “K” digit-register is preset to “zero” by effect-
ing selective energization of line PKg. Thereafter, the
register is sclectively preset to binary 1001 by effecting a
TRUE-to-FALSE change of state of line PK9.

Like the previously-described “J” digit-register, the
“K" digit-register is capable of being loaded with any
digit previously stored in any one of memory addresses
o¢ through 99, or one of addresses A or B. However,
prior to loading, the register is preset to “zero.” There-
after, the states of flipflops 6065, 6564, 6063, and 6062
are sequentially conditioned in the following manner to
respectively correspond to a different one of the four
binary bits which are seqguentially recad from memory:
Cutput line MSA from the memory sense amplifier flip-
flop 6655 for addresses ¢¢ through 99 (FIG. 67) and
output line ASA from the memory sense ammlifier flip-
flop 6556 for addresses A and B (FIG. 67) are each es-
sentially logically ANDED, via line KL, with each cf the
cutput lines Ba through Bd from the bit-counter (FIG.
62). Consequently, if bit “¢” of the digit just read out
is a binary “one,” the state of the rcference ouiput of
flipflop 6865 is rendered TRUE by a change of state of
the flipflop; if bit “b” is a binary “zero,” the stzte of
the reference output of flipflop 6884 remains FALSE,
and so on.

Logically illustrated directly sbove flipflops €062
through 6065 is an additional readout line K¢, whose
TRUE state is indicative of binary 0000 being stored in
the “K” digit-register. In addition to the availability
of a parallel type of read-cut, the output of the “K”
digit-register is also effectively scrialized, in that output
lines Ka through Kd thereof are each logically ANDED
with a corresponding one of bit-counter output lines Ba
through Bd, via logical AND gates 1393 through 1296,
line Ke being AMDED with line Ba, line 114 with Bh,
etc. The outputs of AND gutes 12353 through 13%6 are
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logically ORED together and terminate in output line
KS, which, in turn, is logically connected as an input
line to the “write-control” circuitry (FIG. 60) in such
a manner that the digit stored in the “K” digit-register
is permitted to be selectively stored in any preselected
ene of the memory addresses.

62. Adder-Subtracter

Before proceeding with a detailed description of the
adder-subtracter portion of the computer logically illus-
trated in FIGS. 53 and 54, a brief description will first
be given, setting forth the various salient operations
which are sequentially executed in the performance of a
simple addition and subtraction mathematical computa-
tion; such a description is deemed desirable in expedit-
ing and assuring a clear understanding of the various
principies involved in the construction and mode of op-
eration of the adder-subtracter unit.

Preceding an “add” instruction (ADD—8), for ex-
ample, both the addend and augend data words are first
stored in memory. To begin the “add” instruction, one
of the data words is transferred to address-A, with the
second data word remaining in one of memory addresses
¢ throveh 99, Thereafter, the low-order decimal digit
of the word in address-A is read out and stored in the
“J” digit-register via line ASA, as illustrated in the block
diagram of FiG. 45. Simultaneously therewith, the low-
order decimal digit of the word remaining in memory
is read out and stored in the “K” digit-register via line
The output lines from the “J” and “K” digit-
ters are connected as input lines to the adder-sub-
tracter unit in a manner such that the two decimal digits
stored therein are effectively added together by the adder-
subtracter unit, so that, if the sum is equal to “nine” or
less, a “sum” digit and a zero “carry” digit are derived
therein. However, if the sum is greater than “nine,” a
“sum” digit ond a “carry” one digit are derived.

Following the addition of the two low-order digits,
the sum digit is stored in the low-order digital position
of address-A, and the carry digit is stored in a carry flip-
flop. Next, the second-order digit of the word in
address-A is stored in the “J” digit-register, and, simul-
tancously therewith, the second-order digit of the word
remaining in memory is stored in the “K" digit-register.
Thereafter, both digits are, in a sense, simultaneously
transferred to the adder-subtracter unit, wherein they
are added together with the carry digit previously stored
in the carry flipflop. If the sum of the two second-
ordsr digits plus the carry digit is greater than “nine,”
a sim digit is obtained and sicred in the second-order
digital position of address-A, and a carry “one” digit
is cbtained and stored in the carry flipflop. This se-
quence of operations is repeated for each digital order
of the words until each digit of one of the data words
is added to the correspending digit of the other data
word. Foilewing the addition, the sum thereof is lo-
cated in address-A. Consequently, the final step in the
“add” insiruction is to store the sum data word in the
particular address in memory as previously specified.

A “subtract” instruction (SUB—G9) is carried out
in essentially the some manner, 'with the exception that
the data word remaining in memory is subtracted from
the dnta word in address-A, rather than being added
thereto.  Wore specifically, the first step to be carried
out for a “subtract” instruction is to transfer to address-
A the minvend which is previously stored in one of mem-
ory addresses ¢ through 99.  As before, the first-order
dizit of the word in address-A is stored in the “J” digit-
register, and, simultanecusly therewith, the first-order
digit of the data word remaining in memory is stored
in the “K” digit-register. Thereafter, the digit in the
"7 digit-register is subtracted from the digit in the “J”
diztt-register, a difference digit is derived therefrom and
stored in the low-order digital position of address-A, and
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the carry digit derived therefrom is stored in the carry
flisfiop, as before.

Dus to the fact that there is no “borrowing” of digits
in the present type of computation, the carry digit is

118

addition, of course, being: binary “0” plus binary “0”
cquals binary “0”; binary “17 plus binary “0” equals bin-
ary “17; binary “0” pius binary “1” equals binary “17; and
binary “1” plus binary “1” equals binary “0” plus a binary

added to the next higher-order digit stored in the “K” 5 “1” carry. Applying the just-mentioncd rules for binary
digit-register rather than being subtracted from the cor- addition, binary 0101 plus binary 0100 equals binary
respoading next higher-order digit in the “J” digit-regis- 1501, or “9.7 By the same token, the decimal digit “5”
ter. In other words, any carry “one” digit effectively pius the decimal digit “3” equals binary 1010. However,
increments the next succeeding digit in the “K” digit- if decimal “10” (binary 1010) is subtracted therefrom,
register rather than decrementing the mext succeeding 10 “5” plus “5” also equals binary 0000 plus a binary “17
digit in the “J” digit-register. carry.

The just-described sublraction operation is sequential- Listed below, in “truth-table” form, are representations
Iy repeated for each of the next successively higher-order of input bits “«” through “d@” for each of the digits previ-
digits until the remainder derived from the subtraction outiv stored in the “)” and “K” digit-registers, together
operation is in address-A.  As in the “add” insiruction, 15 with the carry bit, and the desired output bit for each addi-
the final step in the “subtract” instruction is to copy th tive combination thereof, TRUE being denoted by “17
remainder data word into the particular address in mem- and FALSE being denoted by “0,” as before. In this in-
ory, as previeusly specified. stance, “Jo” and “Kea” are representative of the “a” bits

From the foregoing, it is evident that the adder-sub- of the digits in “J” and “K” digit-registers, respectively;
fracter unit is capable of adding two decimal digits and 20 “Jb” and “Kb” are representative of the “0” bits; “J¢”
a carry digit, either “zero” or “one,” and to cbtain there- and “K¢” are representative of the “c” bits; and “Jd” and
from a decimal sum digit and a new decimal carry digit. “Kd” are, respectively, representative of the “d” bits of
The adder-subtracter is also capable of subiracting one the digits in the “J” and “I digit-registers, “ANg” is
decimal digit, pius a carry digit of either “zero” or “one,” representative of the binary sum of the “a” bits plus the
from a second decimal digit and of obtaining therefrom 25 previous digit carry; “PCIY s representative of the
a decimal remainder digit and a new decimal carry digit. previous digit caery; “pe” is representative of the bit

Escentially, the adder-subtracter unit is an “adder” and carey derived from the bimary sum of the “@” bits plus
a “subtracter” combined into one circuit-sharing unit, the previous “s” digit carry; “g” is representative of the
the adder poriion being selcctively capable of individual- binary sum of the “d” bits plus the previcus bit carry;
ly performing the necessary arithmetic computation when- 30 “gq¢” is representative of the bit carry derived from the
ever an addition operaticn is required, and the subtracter Linary sum of the “b” bits pius the previous carry bit; “r”
portion being selectively capable of individually perform- is representative of the binary sum of the “c” bits plus
ing the necessary arithmetic computation whencver o sub- the previous carry bity “re” is represcntative of the bit
traction operation is required. carry derived from the binary sum of the “¢” bits plus

As previously meationcd, the adder-subtracter usit is 35 the previous carry big; 5" is representative of the binary
capuble of scquentially performing an addition eperation sum of the “&” bits plus the previous carry bit; and "7
with respect to two binary-coded decimal digits and a is representative of the bit carry derived from the binary
decimal carry digit of “0” or “I” magaiinde. The mag- sum of the “d” bits plus the previous carry bit,

(n) Bit Addition )y Lit Addition (¢) Bit Addition {@) Bit Adddition
Input Qutput, Tnput CGutput Input Output Input Qutput
Ta l e | PCL | ANae | »e Ju | Kb | pe q qc Je | Ke | gc r re Jd | KXd | e s t
o lol o] o tolloletolsloflotetaofofpojiol 0ol apopo
0 1 0 1 o o Lypo 1o o | 1lwoj 1o ol 1 0] t]o
110! o0 ] 1t ioll1]lotottloeppriolol oy riopo 10
1 1 0 0 1 00110 11001 otot 11|
o lol 1] vt dasltlrjolol et |ty 0oy 0 0]
0 1 i 0 1 ofrl 101 0t 1] Lo |1 oj1i1]o0l1
1 0 i 0 i 10l o] 1o 1}oft 1ol ro0o1
1 1 1 Lprprprjrga PO I W R U I T I PR O T W O O
nitude of the sum, derived from such an addition opera- Reducing the above truth tables to the “canonical”
tion, may be as large as “19” (binary 10011}, For ex- form of the logical equations thereof in a well-known
ample, if the digit “9” is added to the digit “9” plus a 55 manner:
T ey o : i 610 P seouently . i
carry of 1’, _Lhe ‘sn.‘m }hereo_fl is “19. .Co.xfeq!'n 1y, (1) ANa=(Ja)'Ka(PCI)'+Ja(Ka)'(PCI)’
upon compietion of each addition operation, the binar RN PO T T
. . . “ - R +{Ja)’ (Ka)' PCI+JaKaPCl
form of the sum is essentially “checked” to determinc if o ’ N T
. ; : AT (2) pe=JlaKa(PCI) 4 (Ja) KaPlI
the maenitude therecf is equal to decimal “10” or more. Tl B P
& . PR ot la(Ka)'PCl4-JaKaPCI
If the sum has a magaitude of decimal “10” or more, the gy ' ’ py )
: s e (3) g=(Jb) Kb(pc) +Ib(Kb) (pc)
amount binary 1010 is effectively subtracted therefrom A (7h) (Kb)'pe4-JbKbpe
ATy i cimal #1° ‘ )
to obtlu"lla binary codeg{ SL!IID dlolt,_ plus a'dc imal “1 (4) qe=IbKb{pc)’ 4 (Jb) Kbpe—-Ib(Kb) pe+JbKbpe
carry digit. However, if the sum is less than decimal (5) r=(Jc) Kclge) LIc(Ke) (gc)’
“190,” the single sum digit represents the actual sum, and, P J(Je) (Ke)'ge+-IcKege
‘; - Fatid H 'f M e . . 5= . o
thus, a carry “0” digit is °“nma?0d o g .. 65 (6) re==JcXe(ge) +(Je)' Kege+Je(Ke) qe+-JeKege

In order to add the four binary bits of a digit to the (7) s=(Id) Kd(re)' HId(Kd) (rc)’
four binary bils of a second digit, corresponding bits of K 2 (Y (Kd) re+IdKdre
each digit are added together with the previous carry bit, , . ’ -

N : : M 8) t=JdKd(rc JdY' Kdre+-1d(Kd) re+JdKdrc

and the carry bit derived from such addition is added to ®) Kd(re)'+{Jd) +Jd(Kd)re+

the next successively high-order bit of that particular 7q Listed below, in “truth table” form, are input bit repre-
digital group. The carry bit resulting from the highest- sentations of the sum of the two digits at present stored
order bit addition of that digital group is added to the in the “J” and “K” digit-rcgisters and the carry derived
low-order bit of the next succeeding digital group. For from the previous addition. Also listed are the desired
example, suppose ihat the digit “3” (binary 01€1) is to be binary coded decimal ouiput plus any output carry, where
added to the digit “4” (binary 01080), the rules for binary 75 “ANg” through “ANd” represent the binary coded output
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of the sum, and “EAS” represents the decimal carry
digit:

Binary Code of Decimal | Binary Code of Decimal Mum-
Numbers ((-19) bers (0-19) with Decinial Carry
Decimal Decoder Inputs Decoder Outpuis
Nuinbers — —_
¢ ] T ¢ |ANa|ANZ;ANe | AND | ANa | EAS
0 0 0 L] ] 0 0 a 0 0
0 0 0 g 1 0 o 4] 1 0
0 Q 0 1 0 0 { 1 0 0
0 0 0 1 1 0 0 1 1 0
0 1] 1 0 0 0 1 0] 0 0
{Q 0 1 4] 1 [ 1 4] 1 0
1] 0 1 1 Q 0 1 1 0 0
0 0 1 1 1 0 1 1 1 0
0 1 0 0 Y 0 0 0 L] 0
0 1 (] [(] 1 1 ¢ (4] 1 Y
0 1 0 1 0 [ 4} 0 0 1
0 1 0 1 1 0 ¢ 0 1 1
0 1 1 0 0 0 4] 1 i 1
0 1 1 0 1 0 0 1 1 1
0 1 1 1 0 0 1 0 0 1
1] 1 1 1 1 0 1 0 1 1
1 0 0 0 0 0 1 1 0 1
1 0 0 0 1 0 1 1 1 1
1 0 0 1 0 1 4] 4] 0 1
1 0 0 1 1 1 0 [i] 1 1

Reducing the above truth table to the “canomical”
form of the logical equations thereof, and thereafter
simplifying, it is seen that:

(9) ANa=(Ja)'Ka(PCI)'+Ja(Ka)' (PCI)’
+(Ja)' (Ka)' PCI+JaKaPCI
(10) ANb=q(EAS) 4+q'EAS
(11) ANc=r(EAS) +qrs+1q

10
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However, decimal digit “8” (binary 1000) subtracted
from decimal digit “3” (0011) results in a binary remain-
der of 1011. Thus, to obtain the decimal remainder digit,
the binary remainder of 1011 is subtracted from binary
10000, resulting in a new binary remainder of 0101, rep-
resentative of the decimal digit “3,” and a carry of “1,”
denoting a negative remainder.

Listed below, in truth table form, are representations
of input bits “a” through “d” for each of the digits stored
in the “J” and “K” digit-registers, together with the carry
bit and the desired output bit for each combination there-
of. As before, “Ja” and “Ka” are representative of the
“a” bits of the digit stored in the “J” and “K’ digit-reg-
isters, respectively; “Jb” and “Kb” are representations of
the “b” bits; “Jc” and “Kc¢” are representative of the
“c” bits; and “Jd” and Kd” are representative of the “d”
bits of the digits respectively stored in the “J” and “K”
digit-registers. However, in this instance, “ANa” is rep-
resentative of the remainder obtained from a subtraction
of the “a” bits; “PCI” is representative of the previous
bit-carry; “pc” is representative of the bit-carry derived
from subtraction of the “a” bits; “q” is representative
of the remainder derived from subtraction of the “A”
bits; “gc¢” is representative of the bit-carry derived from
the “b” bit subtraction; “+” is representative of the re-
mainder derived from “¢” bit subtraction; “rc¢” is repre-
sentative of the bit-carry derived from “c¢” bit subtrac-
tion; “s” is representative of the remainder derived from
“d” bit subtraction; and “r” is representative of the bit-
carry derived from “d” bit subtraction.

(a) Bit () Bit {c) Bit )y Bit
Subtraction Subtraction Subtraetion Subtroetion
Inputs Cuthuls Inuputs Outpnts Inpitts OQuiputs Inprits Ontputs

Je | Ka | PCI | ANa | pe [ Jo | Kb} pe g qe Je | Ke | gc r re Jg | ¥Xd | re ] i t
1] 0 1] 0 0! g 0] 0 0 4] 0 g 0 0 0 0 0 a 0 4]
Q i {) 1 14 g 1 4] 1 1 0 1 a 1 1 G 1 0 1 1
1 4] 1] 1 0 1 0 0 1 4] 1 1] U 1 [¢] 1 [ [§] 1 {1
1 1 0 I ] 1 1 I} ] 4] 1 1 0 0 0 1 1 0 1] {
(1] 0 1 1 1 4] 1} 1 1 1 0 4] 1 i 1 0 il 1 1 1
[i] 1 1 [§] 1 1] 1 1 0 1 0 1 1 0 1 4] 1 1 0 1
1 [H 1 Q )] 1 o 1 0 0 1 )] 1 0 0 1 0 1 [ {
1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 i 1 1 1

(12) ANd=s(EAS) +tq
(13) EAS=sq+sr+-¢

As previously mentioned, the subtracter porticn of the
added-subtracter is utilized to perform a subtraction arith-
metic operation of two binary-coded decimal data digits
and a carry digit, and obtain therefrom a binary remain-
der digit plus a carry digit. As long as the minuend
data digit is larger than or equal to the subtrahend data
digit plus the previous carry digit, the value of the re-
mainder digit is between binary 0000 and binary 1001
with no carry digit output. However, should the minu-
end be less than the subtrahend plus the previous carry,
the value of the remainder digit will be between binary
0111 and binary 1111 plus an output carry digit. There-
fore, in order to obtain the decimal remainder digit, the
binary remainder is subtracted from binary 10000, com-
monly termed “taking the sixteens complement and ignor-
ing the carries beyond the four low-order bits.”

Using the laws of binary subtraction, whereby binary
“0” subtracted from binary “0” results in a remauinder
of binary “0”, binary “0” subtracted from binary “1”
results in a remainder of binary “1,” binary “1” sub-
tracted from binary “1” results in a remainder of binary
“9,” and binary “1” subtracted from binary “0” results
in a remainder of binary “1” plus binary “1” carry, sup-
pose that the decimal digit “5” (binary 0101) is subtract-
ed from decimal digit “9” (binary 1001). In this in-
stance, the remainder is binary 0100 or “4” with no carry.

a0

60

Reducing the above truth tables to the canonical form
of the logical equations thereof:

(14) ANa=(Ja)'Ka(PCI) +Ja(Ka)'(Pci)’
+(Ja) (Ka)'PCI4+JaKaPCI
(15) pe={(Ja)’ Ka(PCI)--(Ju) (Ka)' PCI
+-(Ja) KaPCI4-JaKaPClI
(16) g=Wb)Y Kb(pc) +Jb(Kb) (pc)’
(Jb)Y (KbY pc+-IbKbpc
(17)  ge=(Jb)' Kb{pc)'4-(Jb) (Kb)'pc
- (Jb)Y' Kbpc+JIbKbpc
(18) r=(Jc)'Kc(qc) -+Jc{Kc) (gc)'
4 (Je) (Ke) qe+JcKeqe
(19) re={Jc)'Kc(gc) +(Je) (Kc)'gc
+(Je)' Kege++JcKege
(20) s=(JdY' Kd(rc)'+Jd(Kd) (rc)’
+(Jd)' (Kd) 're +JdKdre
(21)  t=(Jd)' Kd(rc)' +(Jd)' (Kd)'rc
4 (JdY Kdre+JdKdre

Listed below, in truth table form, are input bit repre-
sentations of the remainder plus carry which are obtained
from subiracting the digit stored in the “K” digit-register
from the digit stored in the “J” digit-register. Also listed
are the desired binary coded decimal output plus any
output carry, where “ANg” through “ANg” collectively
represent, in this instance, the binary coded cutput of the
remainder, and “EAS” represents the decimal corry digit
obtained from the subtraction operation.
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ru Unde of Degimnl Biary Code of Dechimal
I R i througlt Nur Foage - 10
10" ul Carry
Decimal
Digits Inputs Ouipts

t K 7 14 LNg | ANd | ANe | AN | ANa i DAS

4] 1 a U 1 1 i 0 1 0

0 1 { i 1 1 0 U 1y 0

u }] 1 ) 1 ¢! i 1 i 4]

Y] 0 1 1 3 { 1 1 i L

0 0 1 0 i ol 1 o 1 0

¢} 0 1 0 0 [ 1 0 ] 0

[ 0 a 1 i i il 1 1 [

§ ] 0 1 i} u o 1 U i

4] 0 [\ i 1 { O { I t

0 U il 0 (+ [t] li { b 0

1 ! 1 1 1 1 {J i 1 L

1 1 1 1 £} 1 3] i 0 i

1 1 1 { 1 [t I I ! 1

1 1 1 4] 4 U 1 it 4 1

i I ] 1 i 4 i i} i 1

1 i 0 1 4 1 1 U 4] 1

1 11 0 i 1 g bl 1 1 1

1 1, 0 1] 0 O 3] 1 ¢ 1

1 ] 1 1 ] 0 fl U 1 1

1 ] 1 1 0 0 4] 0 1) 1
Reducing the above truih table to the canonical form

of the iogical equations theresf and then simplifying to
remove redundancies therein, the four bit line and decimal
carry representations of the decimal difference are:

(22) ANa={Ja)'Ka{PCI)'+-Ja(Ka)' (PCI)’
H-{Jay' (Ka)' PCI4+-JaKaPCI
(23) ANb=gtr4-qg't or ¢(EAS) --q¢'EAS
(24) ANe=rt'+t{rg’ +r'g)’
(25) ANd=sr'+4qrs
(28) FEAS=¢

1

Having essentially derived Ih:, logical equations for an
adder and e subtracter scp the next step is to logi-
cally combine the two seis of eq'utaom thercof and ob-
tain therefrom a circuit shariing adder-subtracter unit that
is capable of performing an addition mathematical opera-
tion when the state of line (5AS)’ is TRUE, and, addi-
tionally, is capable of performing a subtraction mathe-
matical oparation when line SAS is TRUE.

By comparing the previously-derived non-simplified
forms of the logical equalions for lines “ANa,” “g,” “r,”
and “s” for an addition operaticn (Eq uations 1, 3, §, and
7y with (EV_jlfl.:jﬂa 14, 16, 18, :m 20) for a subtraction
operation, it is observed that the logical equation for each
line is the same in each mbtﬂl e. Thus, whether the
adder-subtracter unit is fo carry out an addition or a
subtraction operation, the sum and the difference digits
in the binary answer are also the same in each instance.
By comparing the logical equation for line “pc” for an
addition and a subtraction operation (Egquations 2 and
15), it is observed that two terms “{(Ja)’ Ka PCI” and
“Ya ¥a PCI” in cach equation are identical in each op-
eration and the remaining terms thereof are different, the
two like terms obviously being reducible to the simplified
term “Ka PCL” Hence, the logical equution for output
line “pc” for either an addifion or a subtraction mathe-
matical operation is:

{27) pe==KaPCl-(Ja) Ka{FCHYSAS+(Ja) (Ka)'
PCISAS+JaKa(PCl)'(SASY +Ja(XKa) PCI(SASY’

LY

The logical equations for ouiput lines “gc,
and *4,” likewise modified in the same manner,
below, where:

(28) gqe=Kbpc--(Jb)' Kb{pc)' SASH(Jb) (Kb) pcSAS
HTBKb(pc) (SASY --I0(Kb)Y pe(548)'

(29) re=Kege+(Je) Kel(ge)'SA5--(Fe) (Ke) 'goSAS
J-JeKe(ge) (SASY +Fe(Ke) 'qo(SASY
Kdre-H-(Jdy Kd(re )y SAS - (Jd) {Ed) reSAS
+JdEd(re) (S4S5)’

By likewice combining the logical equations for “ANa”

through “AN«” and “EAS” for both an addition opera-
ticn (Equations 9 through 13) and a subtraction mathe-

LINTSN 1)

re,” “s,
are as

(30) 1=
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o St
matical operation (Equations 22 through 26), it is seen
that the combined logical equation for cach output line is:
(31)
(32)

T

EAS==sq-sr--t
ANa= (Ja) Ka(PCI)' L Ja( Ka)' (PCH’
4 (Ja)' (Ka)' PCI+JaKaPCI
AND—qIFEASY g’ EAS
ANc=r(EAS) +-trg’SAS--1r'gSAS
+-qrs(SAS) +tq'(SAS)
(35) ANd=5s{FEAS)Y -l-qrs§A54-1g(SA3)"

herelore, with reference to the loaical diagrams of the
adder-subtracter unit as illustiated in FIGS. 53 and 54, it
is seen that the above-stated logical equations numbered
27 through 35 are satisfied thereby and thus correspond to
the circuit configuration thereof.

As an illastrative exampie of an addition and a subtrac-
tion operation being carried out by the just-described
adder-subtracter aritbmetic unit, suppose that the first-
order digit of the addend word located in memory address
@b is a “nine,” and the first-order digit of the augend word
in address ¢ i a “seven.”

f'o begin an “add” isstruction, as previously mentioned,
the avgend word is first read out of memory address ¢l
and stored in address-A.  Thereafier, the low-order digit
of the augend is sequentially read out of address-A, bit
by bit, starting with the low-order binary bit “a” thereof,
and is sequentially stored, bit by bit, in the “J7 digit-
recister (FIG, 71) via lines ASA and JL. Simulta-
neously therewith, the addend is sequentially read out of
qddu 55 ¢¢, bit by bit, stariing with the low-order binary
bit “«” thereof, and is sequentially stored, bit by bit, in
the 1&” digit-register (FiG. 70) via lines MSA and KL.
As the assumed value of the decimal digit stored in the
I digit-register (F1G. 71) is a “seven” (binary 0111),
the state of output line Jd through Jc is FALSE, whereas
the siates of cuiput lines Ja through Je are each TRUE,
th:e prime oulput linzs of flipflops 6867 through 6478, of
course, being of opposite states from the corresponding
reference output lines thereof, as previously described.
As thie assumed velue of the decimal digit stored in the
“K digit-register (FIG. 70) is a “nin2” (binary 1001),
the staies of ouiput lines Kd and Ka thercof are TRUE,
whercas the states of output lines Kb and K¢ are FALSE.

Reference is now made to that portion of the adder-
subtracter unit logically shown in FIG. 54, in addition to

periodic reference to the simplified block diagram of the
adder-subtrac‘ccr shown in FiG. 45C. As the low-order
bit of the digit stored in each of the “J” and “K” digit-
registers is a binary “1,” outpui lines J¢ and Ka are both
TRUE, as just mentioned. Also, as the previous decimal
carry is a “0” in this instance, the state of line (PCI)’ is
TRUE, and, as an “add” operation is to be carried out,
the state of line (8AS)’ is previously rendered TRUE.
Thercfore, as none of AND gates 956 through 959 have
all of the inputs thereto simultanecusly TRUE, the state
of output line ANg is FALSE, indicative of binary “0.”
Consequently, the sum of the “a” bits of the first-order
digits in the “J” and “K” digit-registers is “0.”

With reference to the “a” bit carry circuitry shown in
FIG. 53, as the states of !rh,s Ja, Ka, (PCI)’, and (SAS)’
and TRUE, as previously stated, the states of all of the
inputs to AND gate 901 are simultaneouslty TRUE.
Consequently, the state of output line pe is TRUE, in-
dicative of a binary “1” carry resulting from addition of
the “«” bits.

As the “b” bit in the “J” digit-register is a binary “1”
and the “b” bit in the “K” digit-register is a binary “0,”
the state of line Jb is TRUE and the state of line Kb is
FALSE, as previously noted. As none of AND gates
911 through 9i4 have all of the inputs thereto simulta-
neously TRUE the state of output line g is FALSE, in-
dicative of binary “07; coasequently, the sum of the “b”
bits plus the “a” bit carry is “0.” However, as the states
of all of lines §b, (K&)', pc, and (S48}’ are TRUE, the
states of the inpuis to AND gate 217 are simultaneously

(33
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TRUE. As a result, the state of output line gc is TRUE,
indicative of a binary “1” carry resulting from addition of
the “b" bits plus the “a” bit carry.

The “c” bit in the “J” digit-register being a binary “1”
and the “c” bit in the “K” digit-register being a binary
“0,” the state of line J¢ is TRUE and the state of ling Ke
is FALSE. Asnonc of AMND gates 926 through 923 have
all of the inputs thereto simultanecusly TRUE, the state
of cutput line r is FALSE; consequently, the sum of the
“c¢” bits plus the “p” bit carry is “0.”

As the respective states of lines Je, (Kc¢)' gc, and
{SAS)’ are each TRUE, zll of the inputs to AND gale
926 are simultaneously TRUE. Consequently, the state
of output line rc is TRUE, indicative of a binary “1”
carry resulting from addition of the “c” bits and the “b”
bit carry.

The high-order or “d” bit in the " digit-register be-
ing a binary “0” and the “d” bit in the “K” digit-register
being a binary “1,” the state of line Jd is FALSE and the
state of line Kd is TRUE. With reference back to FIG.
54, as none of AND gates 934 through 937 have all of
the inputs thereto simultaneously TRUE, the state of out-
put line s is FALSE, thus indicating that the sum of the
“” bits plus the “¢” bit carry is a binary “0.”

Finally, as the states of both of lines Kd and rc are
TRUE, all of the inputs to AND gate 929 are simultane-
ously TRUE. As a result, the state of output line ¢ is
TRUE, thus indicating a binary “17 cairy resulting from
addition of the “d” bits plus the “c” bit carry.

Therefore, as the state of output line ¢ is TRUE and 30

the state of each of output lines s, r, ¢, and ANg is FALSE,
the sum of the digit “7” (binary 0111) and the digit “9”
(binary 1001) is therefore indicated as being “16,” or
binary 10000. The binary sum—ie., 10000—is con-
verted to a binary-coded-decimal form in the following
manner: As the state of the single input to AND gate
948 (FIG. 54) is TRUE, the state of output line EAS is
TRUE, thus indicative of a decimal “1” carry. There-
fore, as the state of each of lines EAS and (g)’ is TRUE,

the state of output line AND is likewise TRUE, thus indi- ¢

cating that the value of the “0” bit of the sum digit is a
binary “1.” As the state of each of lines (gq)’, r, and
(SAS)Y is TRUE, all the inputs to AND pgate 942 are
TRUE, thus rendering output line ANc TRUE and there-
by indicating that the value of the “c” bit of the sum
digit is a binary “1.” As none of AND gates 945 through
947 have all of the inputs thereto simultaneously TRUE,
the state of line ANd is FALSE and thereby indicates
that the high-order bit “d” of the sum digit is a binary
w.»

It is now evident that, upon completion of the just-
described addition operation of the two decimal digits
“7* and “9,” the state of cutput line ANga is FALSE, the
state of output line AND is TRUE, the state of output
line ANc is TRUE, and the state of output line ANd is
FALSE. Thus, the states of output lines ANa through
ANd collectively represent the sum digit “6” (binary
0110). As the state of output line EAS is simultaneously
TRUE, as before stated, its state is indicative of the
decimal “1” carry digit.

Following the just-described addition operation of the
two first-order digits taken from the data words stored in
address ¢¢ and address A, there is derived thereby a sum
dipit which is written in the low-order digit position of
address-A and a decimal “1” carry digit which is stored in
carry flipflop 6899 (FIG. 53) via line EAS. Thereafler,
1he second-order digit of the word in address ¢¢ is trans-
ferred to the “K” digit-register, and the second-crder digit
of the word in address-A is transferred to the “J” digit-
register. As the output lines from the “J7 and “K” digii-
registers are connecied as input lines to the adder-sub-
tractor unit, as previously described, the two sccond-
order digits are simultancously “presented” to the adder-
subtracter unit, wherein they arc added together, along
with the decimial “1” carry in flipilop 6000, in exactly the
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game monner as just deseribed with respect to the first-
order digits of the two data words. The above sequence of
operations is sequentially repeated for each higher-order
digit until the tenth-order decimal digits have been added
and the sum dipit stored in the tenth-order digital posi-
icn of address-A. As previously mentioned, the final
step of an “add” instruction is to effect the copying of
the sum data word from address-A into the pariicular
memory address as previously specified.

A “subtract” instruction is carried cut in essentially the
gome manner as the just-described “addition” operation,
with the exception that prior thereto, the state of line
(SAS)’, originating in FIG. 53, is selectively rendered
TRUE, the state of line SAS, of course, being simultane-
cusly rendered FALSE. Consequently, in the previous
example, the adder-subtracter unit now effectively sub-
tracts the word in address ¢¢ from the word in address-A,
after which the difference word is transferred from ad-
dress-A to a particular address in memory as specified.

As the mode of cperation of the adder-subtracter unit
in carrying out an addition or a subtraction mathematical
operation is essentially the same in both instances, in
light of the just-described detailed mode of operaticn with
respcct to an addition operation, a further detailed mode
of operation thereof with respect to a subtraction opera-
tion is not deemed necessary in order to insure a full and
complete understanding and appreciation of the adder-
subtroctzr portion of the instant computer.

63. Control Counter Generally

With reference to the upper left-hand portion of FIG.
45A, therc is dingrammaticaily illustrated a “control
counter” comprising a multitude of {lipflops and a maze
of other electronic control circuitry. As will become more
obvious hereinafter, the control counter portion of the
computer functions in many ways as a contral regulatory
means which clectronically controls the proper sequence
of all data handling and transfer within thie computer,
and, additionally, controls all communication between
the control portion of the computer and the various input-
cutput eguipment utilized by the computer. Consequent-
ly, due to the inherent complex functional nature of the
control counter, it is not readily susceptible of bzing
described as a separate entity as such.

As an example of the foregeing, the first step to be
carried out in the execution of each instruction is to
read out from memory the next instruction word in the
program and store the instruction word in the instruction
register. After the instruction word is stored in the
instruction register, the two decimal digits stored in sec-
tion 1 thereof are “examined” to determine the particular
type of instruction, or sequence of operations, to be carricd
out next. For example, as previously described, if the
two-digit decimal number in section 1 s an “eleven,” an
“add-pairs-of-numbers” instruction is carried out, and all
data thereafter transferred between daia-handling sections
of the computer is in accordance with a particular pat-
tern dictated by this instruction.

Each instruction concludes by effccting the storage in
the word-selecting register, the address in memory of the
next instruction word; the memory address usually is
specified in section 5 of the present instruction word, also
as previously described. After the address of the next
instruction word is stored in the word-selecting register,
the computer may immediately read out the next instruc-
tion word from memory, or may pause for a predeter-
mined period of time before reading out the instruction.
Whether or not the computer immediately proceeds to
carty out the next instruction in the program depends
upon the particular mode of operation preselected by the
operator. If the computer is operating in an “automatic”
mode, the next instruction in the program is immediately
carried out upon compiction of each preceding instruction.
However, if the computer is operating in a “manual”
mede, all computation steps upon completion of each in-
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struction and is not resumed until either the manual or
the automatic-resume-program-push-button is depressed.
Thereafter, the next instruciion word, as specified by the
word-selection register, is stored in the instruction register,

126
prescribed conditions being met, instructions involving
(CFM—15) and (CFE—16), for example; where “in-
crementing and decrementing” types of subinstructions
effectively initiate an incrementing or decrementing cycle

the two decimal digits in section 1 of the instruction regis- 5 of operation with respect to the various counters within
ter are examined to determine the particular instruction to the computer; and where the subinstructions labeled “mis-
be carried out, and the computer then proceeds to carry cellaneous” are those types which do not come within a
out that particular instruction. common classification.
64. Subinstructions Generally 65. Functional Listing and Description of Subinstructions
. . . 10 . . . L .
There have been previously mentioned, and briefly de- In the following chart is a functional listing and descrip-
scribed herein, eighteen different types of general-purpose tion of a substantial portion of the various subinstructions,
instructions to which the computer is responsive, and the with each being preceded by a code designation which
specific mode of operation or sequence of data handling identifies that particular subinstruction. It is to be noted
and transfer events which is initiated by the computer in 15 that each subinstruction, in a sense, is related to a specific
carrying out each of the instructions given. For the pur- portion of the computer control circuitry even though
pose of convenience in describing in detail the inherently each such specific portion does not always exist as a sepa-
complex mode of operation which the computer executes rate and distinct entity as such. Therefore, in an attempt
in carrying out a particular instruction, each of the eight- to further simplify the following description, the code
een different instructions will hereinafter be considered a o4 designation preceding the leftmost hyphen corresponds to
“subprogram” comprising a plurality of “subinstructions” a like-designated signal line, the state of energization of
which are sequentially given to the computer, the sequence which is the prime instrumentality, either in initiating the
of events initiated by the computer in carrying out each required cycle of operation as called for by that particular
of the subinstructions being under the control of the “con- subinstruction after certain prescribed conditions have
trol counter,” as previously mentioned. 25 been met, or, in some instances, as an indication that a
Each of the just-mentioned subinstructions, hereinafter particular cycle of operation has been completed. The
described, falls within one of six general categories, fact that more than one code designation refers to a
labeled “word-cycles,” “subcommands,” “variable-time- common signal line indicates that a corresponding num-
delays,” “decisions,” “incrementing and decrementing,” ber of different cycles of operation are selectively initiated
and “miscellaneous,” where a “word-cycle” type of subin- 30 OF indicated by that particular signal line; ie., the line
struction effects the transfer of a data or instruction word has more than one function, as indicated by the numeral
from one memory address to another, or from one mem- in parentheses. The location in the drawings of the origi-
ory address to the instruction register; where a “subcom- nation of each of such like-designated signal lines is given
mand” type of subinstruction effects the modification by the figure number of the drawing in the column of
and/or copying of an instruction or data word from one ,. the chart below labeled “FIG. NO.” The particular type
e . n oD L AN S
memory address to another; where a “variable-time-delay of each subinstruction is given by the notation in the col-
type of subinstruction essentially indicates the degree of umn labeled “TYPE,” wherein type “WC” designates a
completion of a subprogram, somewhat like a “bookmark,” “word-cycle” type of subinstruction; “SC” designates a
while the computer, in a sense, is “waiting” for some out- “subcommand” type subinstruction; “VTD” designates a
side action or event to take place (for example, a vari- 40 “variable-time-delay” subinstruction; “D” designates a “de-
able-time-delay subinstruction is effective to stop the cycle cision” type subinstruction; “I-D” designates an “incre-
of operation called for by a subsequent subinstruction menting or decrementing” type subinstruction; and “M”
while the operator indexes an amount into the key- designates a “miscellaneous” type subinstruction. The
board during an “enter-keyboard-words” instruction asterisk symbol designates the next cycle of operation in
(EKW—00)); where “decision” type of subinstructions 45 the subprogram which is to be carried out upon comple-
allows the cycle of operations called for by subsequent tion of the cycle of operation called for by that particular
subinstructions to be skipped, depending upon certain subinstruction.
SUBINSTRUCTIONS
Code Type Fig. No. Description
ADM-0-* s Do 61 | Increment digit-counter.
................ 61 | Decrement digit-counter,
72 | Increment F-counter,
77 | If the digit just read from the paper tape is an alternate-instruction symbol, go to Stop~Y;
otherwise, go to Stop-X,
74 Capyi g\'ord of address-A into memory at address specified by section-n of instruzetion
register.
74 | Add word of address-A to a constant and store resnlt in address-A.
85 | Record single linefind type of inforaration on ledger eard.
62 | If bit-counter is at bit *‘d,"” go to Step-Y; otherwise, go to Step-X,
74 | Copy ;vnrd of address-B into memory at address specified by sectlon-n of instruction
register.
CAM-O-* e 74 | Clear address-A; i,¢., write all “zeros’” therein.
CA@Q O e 74 | Copy word indicated by accounting machine readout switches into address-A,
COB-0-* . e 74 | Clear address-B,
CBS=0~*_ oo 81 | Energize ‘“‘credit-balance” solenold,
COR-X-Y oo 85 | Wait until clock pulse is magentically picked up from ledger card and, thereafter, ga to
Step-Y. When ledger card is all the way into carriage pelor to reversal, go to Step-X
il a clock pulse has not been picked up.
82 | Close accotnting machine carriage.
74 | Clear memory address specified by section-n of instruetion register,
714 | Complement word of address-A and store result in address-A.
74 | Complement word of memory address specified by section-n of instruction register and
store result in same address.
61 | Increment bit-counter.
63 | 1f digit-counter is at “0,” go to Step~Y; otherwise, go to Step-X.
63 | If digit-counter is at “1,” go to Step-Y: otherwise, o to Step-X.
63 § If digit-counter is at “2,” to to Step-Y; otherwise, go to Step-X.
63 { If digit-counter is at *3,” go to Step-Y; otherwise, go to Step-X.
63 | If digit eounter is at *4,” go to Step-Y: otherwise, go to Step-X.
63 | If digit-counter is at **5,”” go to Step~Y; otherwise, go to Step- X,
63 | If dizit-counter is at ““6,” go to Step-Y; otherwise, go to Step-X.
63 | 1 digit-counter is at “'7,” go to Step-Y; otherwise, go to Step-X.
63 | If digit-counter is at *8,” to to Step-Y; otherwise, go to Step-X.
63 | I digit-counter is at *‘9,”” go to Step-Y; otherwise, go to Step-X,
75 | Add o constart to word in address-B and store sum in address-B.
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SUBINSTRUCTIONS-—Continued

Caode Type Fig. No. Teseription
DR-0-* e Do 68 | Decrement R-counter,
DE%— ~* 68 | Decrement section—4 of fnstriction register.
EAS-X-Y._. 54 | If the algeb sign of the difference is positive, go to Step-Y; otherwise, go 1o Step-X.

ROF-X-Y.

EOW-X-Y
¥-9-X-Y.

77 | If the dizit just read from paper tape is an end-of-frame symbol, go to Step-Y; otherwise,
go to Step-X,

71| 1T digitregister is at 15", go to Step-Y; otherwise, go to Step-X,

72 | If F-connter is at “9,” go to 8tep-Y; otherwise, go to Step-X.

79 | It F-counter is at “10,” go to Step~Y; otherwise, go to Step-X,

75 | Variable time-delay.

82 | Ga to next step in subprogram whenever depression of a motor bar will initiate a cyele of
operation of the accounting machine.

Do 67 | It high-order digit of section-2 of instruction register is “0,"” go to Step-Y; otherwise ,go to
Do 57 It%&?ﬁﬁ?der digit of section- 2 of instruction register is “'1,” go to Step-Y; otherwise, go to
Do .. 574 If gggg:(zr;der dlgit of scetion-2 of instruction register is “2,”” go to Step-Y; otherwise ,to to
Do 571 If hi‘gh—mv'de[‘ digit of section-2 of instruction register is “'3,”, go to Step-Y; otherwise, go to
Do 57 Ifﬁ’ltifzr};rgzaer digit of scetion-2 of instruction register is “4,” go to Step-Y; otherwise, go to
Do 57 | If hi?}]\:g; der digit of sectlon-2 of instruction register, is “/5” go to Step-Y; otherwise, go to
| O S 57 niﬁﬁ?ﬁf@; digit of section-2 of instruction register is ““6,”" go to Step~Y; otherwise, go to
Do 59 If?rtfé%;g;v addresses specified by sections 3 and 4 of instruction register are equal, go to

Step-Y: otherwise, go to Step-X.

Do 72 | Tf dirits in F-eounter and digit-counter are equal, go to Step-Y; otherwise, go to Sten-X.
TFT-X-Y oo | D 72 | If digits in F-counter and *J** digit-register are ¢qual, go to Step-Y; otherwise, go to Step-
IN4-O-* B3 | Increment scesion-3 of instruction recister,
ITW—O- e 61 | Transfor contents of particular section of instruction register into word-selecting register
as indieated by the state of a corresponding oue of lines T12 through TI5,
3 )2 P 71 | If digit in *J” digit-register is & “9,” go to 8tep-Y; otherwise, go to Step-X.
JIR-0-* 75 | Variable time-delay.
JL(1)-0- 71 | Store In “J' digit-register the data hit read from ledger card, which hit corresponds to

count in hit-connter.

TL)-0-" ceeeemee e Moen 71 | Store in ' digit-register the data it read from memory, which bit corresponds to count
in bit-counter.

60 | Copy digit of <J’* digit-register into memory address at digital position indieated by
digit-counter, the address in memory heing speeifled by sectlon-m of instriction register.
70 | If digit in K digit-register is a *'0,”” go 1o Step-Y; otherwise, go to Step-X.,

75 | Variable time-delny.

85 | I"lace ledger card on next posting line,

57§ I 10w—ordo}1& digit in section-2 of instruction register is & “0,” go to Step-Y; otherwise, zo
to Step-X,

571 If 1ox\mordc{ Qigit in seetion-2 of instruction register is a “1,” go to Step-Y, otherwise, pa
to Step-X.

57 | If low-order digit in section-2 of instruction register is a “2,” go to Step-Y; otherwise, go
to Step-X.

57 | 1f low-order digit in scetion-2 of instruction register is a “3,” go to Step-Y, otherwise go
to Step-X.

85 | Wait for next linefind impulse.

75 | Variable time-delay.

85 | Tiecord multiple linefind type information en ledzer card.

75 | Copy word from memory into address-A, and, simultaneously, eopy the word digit by
diolt into I’ digit-register, the address of the word in memory being specified by
section-n of the instruetion register.

81 | Depress upper motor bar for toneh operation.

81 | Depress upprr motor bar for hold operation.

81 | Depress middle motor bar for touch operation.

81 | Depress middle motor bar for hold operation.

81 | Depress Iower motor bar for tnuch operation.

81 | Depress lower motor bar for hold operation.

MBe(1)-0-*_.
MBo(2)-0-*
MB1(1)-0-*.
MBL(2)-0-*
MB2(1)-0-*-
MB2(2)-0-*

MI-O-*.. .. 76 | Copy instruction word from memory into instruction register, the memory address of
the instruction word being indicated by the contents of the word-selecting register.

MIC-0-* 76 | Variable time-delay.

MJ-n-* 71 | Copy the word stored in the address in memeory, as specifled by section-n of the instruc-

tion register, digit by digit, into the “I'’ digit-register.

MEA* e Moo 69 | Copy the digit of the word, as indicated by the dizit-counter, from memory address into
“g* digit-register, the address in memory being specifled by section-n of the instruc-
tion register.

MOUM)-0-* 76 | Varlable time-delay.,

MOU(2)-0-*. 76 | Eject the ledger card,

oB M(l)—O;‘; 76 | Variable time-delay.

OBM(2)-X-Y 76 | If state of line OBM is TRUR, go to Step-Y; otherwise, go to Step-X
OBM(3}-0-*. 76 | Preset line OBM to a FALBE state.

OBM#)-0-*_ 76 | Prosot state of line OBM to correspond to sign of word read from memory.
OBM(5)-0-*. 76 | Preset line OBM to a TRUY state.

77 | If state of line OBN is TRUE, go to Step-Y; otherwise, go to Step-X.
77 | Preset line OBN toa TRUE stut
77 | Preset line OBN toa FALSE o,

77 | Set line OBN to a ‘TRUE state if the simn of the word read from memory corresponds to
the state of line OB M otherwise, sct line OBN to a FALSE state,

81 | When printing oceurs, place a conuna between rows #5 and #6, and, if there is no significant
dizit in rows #6 throngh #10, print a ‘'zero” preceding the comma,

81 | When printing occurs, place a colnma hetween rows #38 and #9. If there s no significant
digit in rows #0 or #10, print a “‘zero” preceding the comma,

72 | When amount racks are traveling in a “sciting’” direetinn, go to next step in subprogram
each time the timing rack ehanges digital position and also when printing liner comes in.
72 | Preset F-counter to “0.”

55 | Preset instruetion register to '‘zero.”

71 | Presct ¥’ digit-rogister to ‘0.”"

71 | Proset “J digit-register to 1.7

71 | Proset “J7 digit-register to 6.7

70 | Proset “K*° digit-register to “0.”

70 | Preset “K digit-register to “9.”

63 | Presot R-counter to “0.”

68 | Preset R-counter to “2.”

68 | Preset Ii-counter to “'8.”

76 | Translate paper tape in a forward direction.

76 | Translate paper tape in a reverse direction,

76 | Stop paper tape.

64 | Presot word-selecting register to *'00."

68 | If R-conmter is ““0,” go to Step-Y; otherwise, go to Step-X.,

68 | If R-counter is *‘1,” go to Step-Y; otherwise, go to Step-X.
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Code Type Fig. No. Deseription
68 | If R-connter is "“8,” then go to Step-Y,; otherwise, go to Step-X.
80 | Fnergize Hrst-order rack-stopping soleneid.
80 | Energize second-order rack-stopping solenoid,
%0 | Enpergize third-order rack-stopping solenoiid.
80 | Energize fonrth-order raclk-stopping solenoid.
Mo 80 | Energize fifth-order rack-stopping solenoid,
M. 83 | Energize sixth-order rack-stopping solenoid.
M 80 | Enereize seventh-order rack-stoppong solenoid.
80 | Energize eighth-order raek-stopping solenoid.
80 | Encrgize ninth-order rack-stopping solenoid.
80 | Energize tenth-order rack-stopping solenoid,
.......... 77 | Add the word in the address specificd by section-n of the instruction rexister to the word
in address--A, and store sum in address-A.
68 | Preset R-counter to 2.
77 | If accounting machine reverse key is depressed, go to Step-Y; if not, go to Step-X,
M. 68 | Load inte R-counter a digit from word in memory address specified by section-n of the
instruction register, which digit eorresponds to count in digit-counter.
Mo 88 | Preset the count of the R-counter to correspond to low-order digit of section-2 of instruction
rogister.
77 | Variable time-delay.
78 | Upon depression of resume-program-har, go to next step in subprogram.
81 | Energizc rack-release solcnoid.
73 | Subtract word in memory from word in address-A and store remainder in address-A,
the address in memory being specified by section-n of the instruction register.,
78 | Shift word of address-A one place to left and store result in address-A.
78 | 8hift word of arddress—-A one place to right and store result in address-A.
79 | Variable time-delay.
79 | 8hift word of address-B one place to left and store result in address-B,
79 | Shift wore of address—-B one place to right and store result in address-B.
79 | Variable time-delay.
79 | Copy contents of scction-n of instruction register into word-selecting register,
75 | Go to nest step when the otittput of the paper tape clock is rendered TRUE,
69 | If tvllc character just read from the tape is a data digit, go to Step-Y; other wise, go to Step-
60 | Stove the data just read from thie tape in memory address specified by contents of section-n
of instruction register.

66. Word-Cycle Subinstructions

Each of the previously-described word-cycles is herein
classified in one of three categories, depending upon the
pas. licular mode or sequence of operations initiated there-
by. The first category comprises word-cycles (AM-n-%),
(BM-n-*), and (MA-n—%), which are hereinafter re-
spectively designated “AM,” “BM,” and “MA” word-
cycles. As shown in the just-preceding chart, an “AM”
word-cycle initiates the copying of the word of address-A
into the memory address specified by a particular section
of the instruction register; a “BM” word-cycle initiates the
copying of the word of address-B into the memory ad-
dress specified by a particular section of the instruction
register; and a “MA” word-cycle effects the copying into
address-A of the word located in the memory address spec-
ified by a particular section of the instruction register,
the word also being simultaneously copied digit by digit
into the “J” digit-register.

The second category comprises word-cycles (CA-O-%),
(CB-0-*), and (CM-n-*), which are hereinafter re-
spectively designated “CA,” “CB,” and “CM"” word-cycles.
Again, as shown in the just-preceding chart, a “CA”
word-cycle is capable of selectively initiating two distinct
modes of operation. The first mode of operation selec-
tively initiated thereby is the clearing of address-A by
the storage of “zeros” therein, whereas the second mode
of operation selectively initiated thereby is the copying
into address-A of the word indicated by the coilective
conditions of the accounting machine rack rcad-out
switches. A “CB” and “CM” word-cycle respectively
initiates the clearing of address-B and the memory ad-
dress specified by a particular section of the instruction
register.

The third category comprises word-cycles (MI-n-*)
and (MJ-n—*), which are herein respectively designated
“MI” and “MJ” word-cycles, where a “MI” word-cycle
initiates the copying into the instruction register of the
instruction word previously stored in a specified address
in memory, and where a “MJ” word-cycle initiates the
digit-by-digit copying into the “J” digit-register of the
word stored in a particular address in memory.

Each word-cycle comprises forty read-write bit cycles
of forty microseconds each, plus one bit time of forty
microseconds preceding the first read-write bit cycle, and
plus one bit time of forty microseconds following the
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completion of the last read-write bit cycle, for control
purposes. Thus, the total time required for completion
of a weord-cycle operation is 1.68 milliseconds.

During the first bit time period preceding the first read-
write bit cycle, transfer to the word-selecting vegister
of the selccted memory address previously stored in the
instruction register is effected by selectively enargizing
onc of lines TI2 through TIS (FIGS. 64 and 64) in the
manner previously described with respect to the mode
of operation of instruction register. Also during the
first bit time preceding the first read-write bit cycle, the
states of the particular signal lines that initiate the se-
lection of a particular one, or ones, of memory addresses
¢¢ through 99 and addresses “A” and “B” are selectively
rendered TRUE. For example, as shown in FIG. 60,
in order 1o initiate any one of word-cycles “AM,” “BM,”
“CM,” “MA,” “MJ,” or “MI,” the state of a correspond-
ingly-labeled input line to logical OR 3116 is rendered
TRUE and thereby renders the state of output line MYW
TRUE also. As previously described, the state of output
line MYW is rendered TRUE for a period of 1680 micro-
seconds to permit cne of Y-driver output lines YDg
through YD3S (FIG. 65) to be selectively energized for
twenty-microsecond periods by selected ones of output
lines Woo through We® from the decoding portion of
the low-order section of the word-selecting register. Like-
wise, in order to imitiate any one of word-cycles “AM,”
“CA,” or “MA,” the state of a correspondingly-labeled
input line to logical OR 3126 (FIG. 60) is rendered
TRUE and thereby renders the state of line AYW TRUE
also. The state of line AYW, in this Instance, is also
rendered TRUE for a period of 1680 microseconds to
permit Y-driver output line AAD, for address-A, to be
selectively energized (see also FIG. 52B); and, in order
to initiate one of word-cycies “BM” or “CB,” the state
of a correspondingly-labeled input line to logical OR 3127
is rendered TRUE and thereby renders the state of line
BYW TRUE also. The state of line BYW, in this in-
stance, is also TRUE for a peried of 1680 microseconds
to permit Y-driver output linc BBD for address-B to be
selectively energized.

Also during the first bit time period preceding the first
read-write bit cycle, in order to initiate an “AM” or
“BM” word-cycle, logical AND 1088 is conditioned by
the statc of a coirespondingly-fabeled one of lines AM
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and BM being readered TRUE, so that, when the state
of line ASA from address-A and B sense amplifier {lip-
flop 6656 (FIG. 67A) is rendered TRUE, the state of
output line MXW also is rendered TRUE. In order to
initiate a “MA,” “MJ,” or “MI"” word-cycle, logical AND
3129 is conditioned by the state of a correspondingly-
labeled cne of lines MA, MJ, and MI being selectively
rendered TRUE, so that, when the state of line KMSA
from the memory sence amplifier flipflop 6855 (FIG.
67A) is rendered TRUE, the state of output line MXW
is thereby rendercd TRUE. As previously described,
when the state of line MXW is TRUE simuitancously with
lines SMC and C41, all the inputs to logical AND 1028
are thus TRUE, and, as a result, the state of line XDW
is thereby recndered TRUE, the states of line XDW and
output lines BaM through BdM from the bit-counter
being capable of effecting selective energization of X-
driver output lines XDa through XDd.

The chart below illustrates the respective state which
cach of lines MYW, AYW, BYW, and MXW is sclec-
tively and conditionally rendered in response to the initia-
tion of each of the eight word-cycles just described:

Word-Cycles MYW AYW BYW MXW

True.
True.
-1 False.

True.
TFalse.
Falsc.
_| True.
True.
True.

Talse

Yalse_..___| False.___.

As just mentioned, in order to effect the carrying out
of each of the previously-described word-cycles, with
the exception of line MXW, the state of a selected one,
or ones, of lines MYW, AYW, and BYW is selectively
rendered TRUE during the entire word-cycle initiated
thereby; ie., 1680 microseconds. Wiih reference to
FIGS. 64 and 65, with the exception of a “MI” word-
cycle, the state of line (PW¢)’ is TRUE at the beginning
of each word-cycle, so that, at the first TIME-2, the
state of line (PW¢)’ is rendered FALSE and thereby
causes the word-selecting register to be preset to “00”
at TIME-2. With reference to FIG. 61, the state of
line IW is rendered TRUE at TIME-3 and remains
TRUE for ten microseconds until TIME-4, at which
time the state of line IW is rendered FALSE. As shown,
line IW is logically ANDED with each of lines TS2
through TS5, so that the contents of a preselected one
of sections 2 through 5 of the instruction register is
transferred to and thus stored in the word-selecting regis-
ter at TIME-4 when the state of line IW is rendercd
FALSE, all in the manner previously described with re-
spect to that portion of the description relating to the
mode of operation of the insiruction register. At the
just-preceding TIME-3, the state of line WDF is rendered
TRUE, and, consequently, the states of all the iaputs
to logical AND 1115 are simulitancously TRUE at TIME-
3, so that, ten microseconds later at the just-mentioned
TIME—4, the state of the reference input to flipflop 6039
changes from TRUE to FALSE, thus rendering the state
of line CFF TRUE at TIME-4. Thereafter, the state
of line CFF remains TRUE for a period of 1600 micro-
seconds. As the states of both of the input lines to logi-
cal AND 1131 are simultaneously TRUE at each TIME-
4 during initiation of a word-cycle, it is evident that the
state of line CYC is rendered TRUE at each TIME-4
and is rendered FALSE at each TIME-1.

As previously described with respect to the bit-counter
(FIG. 62), for each successive occurrence of a TRUE-
to-FALSE change of state of line CYC, the bit-counter
is selectively incremented or decremented by a count of
one binary bit. Thus, at the second TIME-1 at the be-
ginning of each word-cycle, the bit-counter is effectively
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incremented or decremented, so that the state of output
linc Ba therefrom is rendered TRUE instead of line Bd,
or vice versa. As shown in FIG. 60, the state of line
10O is rerddered TRUE for the entire time duration of
each of the word-cycles. Therefore, with reference to
FIG. 61, the states of all of the input lines to logical
AND 1128 are simultaneously TRUE at the first TIME-4
cf each word-cycle, the state of cutput line AD is ren-
dered TRUE at the first TIME—4 and, ten microseconds
later, is rendersd FALSE at the sccond TIME-1. As
proviously described with respect to the digit-counter
(FiG. 63), for each successive TRUE-to-FALSE change
of state of line AD, the digit-counter is selectively incre-
mented or dccremicnted by one digit, depending upon
whether the digit-counter was previously conditioned to
count in a forward or a reverse direction. Therefore,
when the bit-countier effectively advances from a count
of “d” to a count of “a,” the state of line AD reverses
from TRUE to FALSE, and, conseguently, at the sec-
ond TIME-1 whea the state of line Bd is rendered
FALSE, the digit-counter is effectively advanced from
a count of “9” to a count of “0,” as indicated by the
state of digit-counter line D¢ being rendered TRUE at
TIME-1.

As previously described with respect to the word-
selecting register (FIGS. 64 and 65) together with that
pertion of the previous description entitled “Detailed
Read-Write Cyele,” the bit and digit counters in combina-
tion determine which row of cores is ta receive a half-
select current impulse during a read-write cycle. That
is, the output of the bit-counter effectively determines the
binary bit to be read out, whereas the cutput of the digit-
counter effectively determines the particular digit of the
word to bz read out of a particular address in memory.

V/ith reference to FIG. 60, at the first TIME-4 of
each word-cycle when the state of line CFF is rendered
TRUE, the states of all of the input lines to logical AND
18694 are simultancously TRUE. Thus, at the second
TIME-1, the state of flipflops 6038 is reversed, so that
the state of line SMC is thereby rendered TRUE and re-
mains TRUE for 1600 microseconds during the entire
read-write cycle of operation during which the ten-digit
word is read out of a particular address in memory, the
word being read out bit by bit, beginning with low-order
bit “a” of the first-order digit and ending with high-order
bit “d” of the tenth-order digit of the word, all in the
manner previcusly described in detail.

At TIME-4 after bit “d” of the tenth-order digit of
the word has been read out, the state of the prime input
to flipflop 6039 (FIG. 61) is reversed from TRUE to
FALEE, so that the state of flipflop 6839 is reversed
and the state of output line CFF is thereby rendered
FALSE at the TIME-4 following the reading-out of the
last bit of the word. Due to the fact that the state of
line CFF is thus rendered FALSE, the bit and digit
counters are prevented from being incremented at the
following TYME-1, but, instead, respectively remain at
counts of “d” and “9.” At the following TIME-1, the
state of the prime input to flipflop 6038 (FIG. 60) is
reversed from TRUE to FALSE, so that the state of flip-
flop 6038 is reversed and the state of output line SMC
is thereby rendcred FALSE at the TIME-1 preceding the
last forty-microsecond interval of the word-cycle, thus
terminating the read-write cycle of operation.

With reference to FIG. 61, when the state of output
line CFF is rendered FALSE by flipfiep 6339 at TIME-4
during the reading and writing of the last bit of the word,
the state of line (CFF)‘, of course, being TRUE, the
states of all of the input lines to logical AND 1119 are
simultaneously TRUE at that particular TIME-4. Thus,
at the TIME-1 preceding the last forty-microsecond in-
terval of the word-cycle, flip-flop 6640 changes state,
so that the state of line PC is thereby rendered TRUE
and remains TRUE for a period of forty microseconds.
Consequently, the state of cutput line AN is rendered
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TRUE from TIME-4 to TIME-1, and the state of output
line EG is rendered TRUE from TIME-2 io TIME-3 of
the last forty-microsecond j::riod of the word-cycle, At
the last TIME-1, the siate of line AN is rendered FALSE
and, in a sense, effectively “turns off” the particular flip-
flop which is responsivle for initiating that particular
word-cycle. For example, with reference to FIG. 74,
in order to initiate an “AM” word-cycle, the state of out-
put line AM is selectively rendered TRUE by flipflop
6077; in order to initiate a “BM” word-cycle, the state
of line BM is selectively rendered TRUE by flipfiop 6373;
in order to initiate a “CA” word-cycle, the state of line
CA is selectively rendered TRUE by flipflop 6880; and,
so on, for word-cycles “CB” (flipflop 6881, FiG. 74),
“CM” (flipflop 6082, FIG. 74), “MA” (flipflop 6851,
FIG. 75), “MI” (flipflop 6832, FIG. 76), and “MJ” ({lip-
flop 6066, FIG. 71). As shown, line AN is logically
connected to the prime input of each of the just-mentioned
word-cycle flipflops in a manner such that, when the state
of line AN is rendered FALSE at TIME-1 following
completion of each word-cycle, the state of the flipflop
responsible for initiating that pariicular word-cycle is
reversed, thus bringing to an end the word-cycle initiated
thereby.

With the exception of an “MI” word-cycle, each of
the remaining word-cycles essentially conforms to the
same time pattern thus described din detail. However,
with tespect to an “MI” word-cycle during which the
state of line MI (FIG. 76) is rendered TRUE, the word-
selecting register (FIGS. 64 and 65) is not preset to
“00” as before, and, in addition, the state of line IW
(FIG. 61) remains FALSE during the first forty-micro-
second period of the word-cycle. Consequently, the in-
dividual contents of sections 2 through 5 of the instruc-
tion register are not transferred to the word-selecting
register. Instead, each of the sections of the instruction
register is preset to “00” prior to the transfer thereto of
the word from a particular memory address. The re-
maining portion of an “MI” word-cycle, however, is the
same as just described.

During a “MA” and a “MJ” word-cycle, the digits of
the word in memory are sequentially stored in the “J”
digit-register, starting with the first-order digit and end-
ing with the tenth-order digit thereof, Thus, as shown
in FIG. 71, the “J” digit-register is preset to “0” by a
change of state of line PJ¢ at TIME-3 during the “a”
bit time interval of each digit during which the state
of line Bz is TRUE. Thercafter, bits “¢” through “d”
of the digit are sequentially stored in the “J” digit-
register.

67. Digit-Cycles

There are occasions when it is desirable to read a
word out of memory, or, conversely, to store a word in
memory on a digit-by-digit basis, hereinafter called
“digit-cycle,” whereby the time lapse between each digit-
cycle is possibly as long as three milliseconds, as, for
example, during the carrying-out of “record-on-card”
(ROC—03), “enter-card-words” (ECW—02), and “enter-
punched-tape” (EPT—17) instructions.

With reference to FIG. 69, during an ROC, ECW,
or EPT operation, the state of flipflop 6661 is selectively
reversed, so that the state of output line TH is thereby
rendered TRUE. OQutput line TH, when TRUE, renders
the state of output line MK TRUE during an ROC op-
eration, and renders the state of output line JM (FIG.
6Q0) TRUE during an ECW or an EPT operation.

Referring to FIG. 60, when the state of output line
MK is rendered TRUE during a ROC operation, the
state of output line SOO is thereby rendered TRUE.
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As will later be seen, the time required for completion
of a digit-cycle is five binary bits of forty microseconds
each; ie., 200 wsec. Thus, at the beginning of the first
forty-microsecond bit period for each digit-cycle, the
state of line SGO is rendered TRUE and remains TRUE
for the entire two-hundred-microsecond period until the
digit-cycle operation is completed. With reference to
FIG. 64, the states of all of the input lines to logical
AND 1198 are simuitaneously TRUE at the beginning
of each digit-cycle. At the following TIME-2, output
line (PWg)’ experiences a TRUE-to-FALSE reversal of
state and, consequently, presets the word-selecting regis-
ter to “C0.” As shown in FIG. 81, the state of line
DDF is rendered TRUE by AND gate 1114 at the first
TIME-3 and FALSE at the first TIME-4 of the digit-
cycle. As line IW is logically ANDED with each of
lines TS52 through TS5, as previously described, and
the state thereof is rendered TRUE at TIME-3 and
FALSE at TIME—4, the contents of a selected one of sec-
tions 2 through 5 of the instruction register is trans-
ferred to the word-selecting register at the first TIME-4
in the manner previcusly described. Also, at the first
TIME—4, the states of all of the input lines to logical
AND 1128 are simultancously TRUE, so that the state
of line AD is rendered TRUE at the first TIME-4 and
FALSE at the following TIME-1. Thus, when line AD
experiences a TRUE-to-FALSE reversal of state, the
digit-counter is advanced at the second TIME-1 from
a count of “9” to a count of “0.”

At the first TIME-3 when the state of line DDF is
rendered TRUE, the states of all of the input lines to
logical AND 1116 are TRUE. Consequently, at the
first TIME—4, the reference input to flipflop 6939 re-
verses from a TRUE to a FALSE state, so that the state
of output line CFF is rendered TRUE at the first TIME—4
by a reversal of state of flipflop 6839. With reference
to FIG. 60, the states of all of the input lines to logical
AND 1094 are simultanecusly TRUE at the first TIME~4.
Consequently, at the second TIME-1, the state of flip-
flop 6038 is reversed, so that the state of output line
SMC is thereby rendered TRUE. With reference to
FIG. 70, the states of all of the input lines to logical
AND 1391 are TRUE at the first TIME-3. Conse-
quently, when the state of line AD is rendered FALSE
at the second TIME~1, line PK¢ experiences a TRUE-
to-FALSE reversal of state and thereby presets the “K”
digit-register to “zero,” all in the manner previously de-
scribed. Thus, it is evident that, each time the digit-
counter is incremented by a change of state of line AD
during a digit-cycle operation, the “K” digit-register is
unconditionally preset to “zero.”

Due to the fact that the state of line CFF (FIG. 61)
is rendered TRUE at the first TIME-4 of each digit-
cycle and remains TRUE for 160 microseconds, the state
of line CYC is thereafter rendered TRUE at each TIME-4
and FALSE at each TIME-1. As previously described,
when the state of line CYC is reversed from TRUE to
FALSE, the bit-counter (FIG. 62) is incremented by a
count of “one,” assuming, of course, that the state of
line (DBD)’ is previously rendered TRUE, as before
stated,

Thus, in the present example, when the state of line
CYC is rendered FALSE at the second TIME-1, the
bit-counter is effectively advanced thereby from a count
of “d” to a count of “a.” As the state of output line
MYW (FIG. 60) is rendered TRUE by line MK, and
as the state of output line MXW is selectively rendered
TRUE by lines MK and MSA, the memory *X” and
“Y” drivers and grounders are properly energized at
the second TIME-1 in a manner previously described,
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so that a memory read-write cycle of operation is car-
ried out. Thus, the first-order digit of the word stored
in the selected memory address is read out bit by bit
and simultaneously stored bit by bit in the “K” digit-
register (FIG. 70) via line KL.

At the last TIME-4 after bit “d” of the first-order
digit of the word is read out, the state of flipflop 6039
is reversed, so that the state of output line CFF is thereby
rendered FALSE. Thus, with reference to FIG. 60, as the
state of line (CFF)’ is rendered TRUE at the last
TIME-4, the state of flipflop 6038 is reversed at the
following TIME~1, so that the state of output line SMC
is rendered FALSE thereby to effectively de-energize the
“X” and “Y” grounders and thereby terminate the read-
write cycle after the first-order digit is read. With ref-
erence to FIG. 69, the state of the prime input to flip-
flop 6061 is rendered TRUE at the last TIME-4 when
the state of line (CFF)’ is rendered TRUE. Conse-
quently, at the following TIME-1, the state of flipflop
6061 is reversed, so that the state of line TH is thereby
rendered FALSE, thus terminating the digit-cycle cycle
of operation at the last TIME-L.

68. Subcommand Subinstructions

As shown in the preceding chart entitled “SUBIN-
STRUCTIONS,” an “ARO-O-*” subcommand, herein-
after termed “ARO” subcommand, initiates the addition
of the word of address—A to a constant and subseguent
storage of the result in address-A; a “CPA-O—*" subcom-
mand, hereinafter termed “CPA” subcommand, initiates
the complementing of the word of address-A and subse-
quent storage of the result in address—A; a “CPM-n—*"
subcommand, hereinafter termed “CPM” subcommand,
initiates the complementing of the word stored in memory
at the address specified by a particular section of the
instruction register, and subsequent storage of the result
in the same address in memory; a “DAD-O-*" subcom-
mand, hereinafter termed “DAD” subcommand, initiates
the addition of the word of address-B to a consiant and
subsequent storage of the result in address-B; a “RAD-
n-*" subcommand, hereinafter called “RAD” subcom-
mand, effects the addition of the word of address—A to
a particular word in memory and subsequent slorage of
the result in address—A; a “RSB-n-*" subcommand, here-
inafter termed “RSB” subcommand, initiates the subtrac-

tion of a word in memory from the word of address-A

and subsequent storage of the result in address—-A; a
“SA(1)-0-*" and a “SA(2)-O0-*” subcommand, here-
inafter termed “SA” commands, selectively initiates the
shifting of the word of address—A to the right or to the
left by one digital-order position and subsequent storage
of the result in address-A; and a “SB(1)-O-*" and a
“SB(2)-0—*" subcommand, hereinafter termed “SB” sub-
commands, selectively initiates the shifting of the word of
address-B to the right or to the left by one digital-order
position and subsequent storage of the result in ad-
dress-B.

As will later be seen, due to the fact that a “RAD”
subcommand initiates the addition of a particular word
in memory to the word in address—A and subsequent stor-
age of the sum word in address-A, the entire operation
essentially comprises ten “double-digit” operations, in
that eight read-write cycles of operation are required for
each digital-order of the word, rather than four read-
write cycles for each digital order, as in a word-cycle
mode of operation previously described.

With reference to FIG. 77, when a “RAD” subcom-
mand is to be initiated, the state of fiipflop 6697 is prop-
erly conditioned, so that the state of output line RAD is
rendered TRUE at TIME-1, as a result of line AN being
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rendercd FALSE also at TIME-1 indicating that the pre-
viously-initiated cycle of operation has been completed
to the extent that a “RAD” subcommand is permitted to
be initiated at this time. As shown in the following tim-
ing chart, during the first bit time of forty microseconds
after line RAD is rendered TRUBE, several operations are
performed in order to prepare the memory for a read-
write cycle of operation beginning at the second TIME-1.
For example, at the beginning of the cycle, the state of
line (PWg)’ (FIG. 64) is TRUE. Consequently, when
line (PW¢)’ is rendered FALSE at TIME-2, the word-
selecting register (FIGS. 64 and 65) is preset to “00.”
With reference to FIG. 69, line RAD being rendered
TRUE at the first TIME-1 causes line FO2 {o be ren-
dered TRUE also at TIME-1. With reference to FIG.
60, when line FO2 is rendered TRUE at TIME-1, the
state of both the inputs to logical AND 1165 are simul-
taneously TRUE, so that output line ZA is also rendered
TRUE at TIME-1, which, in turn, renders line SOO
TRUE at TIME-1.

With reference to FIG. 61, twenty microseconds after
line SOO is rendered TRUE, line DDF is rendered TRUE
at the first TIME-3 and is thereafter rendered FALSE
at the following TIME-4. Consequently, output line
IW is rendered TRUE at TIME-3 and FALSE at
TIME—-4. When line IW is rendered FALSE at TIME~
4, the contents of a selected one of sections 2 through 5
of the instruction register is transferred to the word-
selecting register in the manner previously described.  As
shown in FIGS. 69 and 71, the states of lines FOO, IJF,
and KKF are rendered TRUE at the first TIME-1 when
line RAD is rendered TRUE. Thus, with reference back
to FIG. 61, line AD is rendered TRUE at TIME-3 and
FALSE at TIME-4 by logical AND 1129, the same as
the state of line IW. When line AD is rendered FALSE
at TIME-4, the digit-counter (FIG. 63) is effectively
advanced from a count of “9” to a count of “0,” also in
a manner previously described, so as to permit the first
eight read-write cycles to take place with respect to the
first-order digits of the iwo operand words previously
stored in memory.

As line DDF is rendered TRUE at the first TIME-3,
the reference input to flipflop 6039 experiences a TRUE-
to-FALSE reversal of state at TIME-4, so that output
line CFF is rendered TRUE also at TIME-4. Conse-
quently, as a result of line CFF being TRUE at TIME-
4, output line CYC is thereafter rendered TRUE at each
TIME—4 and FALSE at each TIME-1. As previously
described with respect to the bit-counter (FIG. 62), each
time the state of line CYC reverses from TRUE to
FALSE, the count thereof is advanced by one binary bit.
Therefore, at the second TIME-1, the bit-counter is es-
sentially advanced from a count of “d” to a count of
“q.” As shown in FIGS. 70 and 71, lines JJF and KKF
are both rendered TRUE at the first TIME-1 by line
RAD, and preset lines P (FIG. 71) and PKg¢ (FIG.
70) experience a TRUE-to-FALSE reversal of state when
line AD is rendered FALSE at the first TIME-4. Conse-
quently, both the “J” and “K” digit-registers are respec-
tively preset to “0” by lines PJ¢ and PKe¢ at the first
TIME-4 when line AD is rendered FALSE. With ref-
erence to FIG. 53, also at TIME—4 when line AD is ren-
dered FALSE, the prime input to flipflop 6090 expe-
riences a TRUE-to-FALSE reversal of state, so that line
PCI is thereby rendered FALSE. Thus, in a sense, carry
flipflop 6008 of the adder-subtracter unit is preset to “0.”
As shown in FIG. 79, when line DDF is rendered
FALSE at the first TIME—4, the state of flipflop 6105
is reversed, so that output line SHA is rendered TRUE
thereby. When line SHA is rendered TRUE at the first
TIME-4, digit-cycle lines MK (FIG. 69) and AY (FIG.
71} are both rendered TRUE thereby also at the first
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TIME-4. With reference to FIG. 60, when line SHA
is rendered TRUE at the first TIME-4, line (SHA)’
being simultaneously rend.rsd FALSE, output line ZA
is rendered FALSE.

As shown in FIG. 69, as line MK is rendered TRUE
at TIME-4, output line MYW is also rendered TRUE for
the first time at TIME—4. It is to be noted that, at the
first TIME-1 when line ZA was rendered TRUE, output
line AYW is also rendered TRUE thereby. Conse-
quently, due to the fact that line AJ is rendered TRUE
at TIME-4, output line AYW remains TRUE even
though line ZA is rendered FALSE at TIME-4, When
line CFF is rendered TRUE at the first TIME-4, all the
inputs to logical AND 1094 are simultaneously TRUE.
Consequently, at the second TIME-1, the state of flipflop
6038 is reversed, so that output line SMC is rendered
TRUE thereby. Immediately thereafter, a sequence of
four read-write cycles of operation are carried out in

esseniially the same manner as previously described with 2

respect lo that portion of the description entitled “De-
tailed Read-Write Cycle.”

During the first four read-write cycles, the four binary
bits of the first-order digit of the word stored in address-
A is sequentiaily read out and simultaneously stored
bit by bit in the “J” digit-register (FIG. 71) via gate
1419 and line JL. Simultaneouvsly therewith, the first
four binary bits of the first-order digit of the word
stored in a selected one of memory addresses ¢# through
99 arc ssquentially read out and simultancously stored
bit by bit in the “K” digit-register (FI1G. 70) via gate 1383
and line KL. As just scen, it is possible to simulitancously
read from a selected onc of memory addresses A or B
and a selected one of memory addresses ¢¢ through 99.
However, as before mentioned, a different word cannot
be simultancously written in the two sclected addresses.
Since it is desired that the selected word in one of memory
addresses g¢¢ through 99 be preserved, the firsi-order
digit just read from one of memory addresses ¢¢ through
99 is simultaneously stored in the first-order digital posi-
tions of address-A and the selected one of addresses ¢¢
through 99. Consequently, with reference to FIG. 60,
the information to gate 1688 from line ASA is essen-
tially suppressed due to the fact that the state of line
(RAD)’ is FALSE during the carrying-out of an “R AD”
subcommand. This type of suppression is also neces-
sary during the carrying-out of a “RSB” subcommand,
which is to be described hereinafter.

During the last bit time of the fourth read-write cycle,
the bit-counter (FIG. 62) is at a count of “d,” so that
output lines BCa and BCh from flipflops 6841 and §042,
respectively, are TRUE. Consequently, with reference
to FIG. 61, at TIME-4 of the last bit time, the state of
the prime input to flipflop 69839 is reversed from TRUE
to FALSE, and, as a result, flipflop 6839 reverses state,
so that output line CFF is rendered FALSE at TIME-4
of the fourth read-write ¢ycle and line CYC is thereafter
prevented from subsequently effecting advancement of
the count of the bit-counter. When line CFF is rendered
FALSE, line (CFF)’ being rendered TRUE, the state of
the prime input to flipflop 6038 (FIG. 63) is reversed
at TIME-1 following completion of the four read-write
cycles, and, as a result, the state of flipflop 6038 is re-
versed, so that output line SMC is thereafter FALSE.
Also at TIME—4 when line {(CFF)’ is rendered TRUE,
lines DDY and IW (FIG. 61) are rendcred TRUE at
the following TIME-3 and FALSE ten microscconds
later at TIME-4. With reference to FIG. 79, when the
output of gate 169% is rendered FALSE at TIME-4 by
line DDF, the state of flipflep 6183 is reversed, so that
output line SHA is rendered FALSE thercby. When
SHA is rendered FALSE at TIME-4, line MK (FIG.
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69) is thereby rendered FALSE, line A¥ (FIG. 71) is
thereby rendered FALSE, and line ZA (FIG. 60) is there-
by rendered TRUE.

With reference to FIG. 60, it is to be noted that, when
line MK is rendered FALSE, line MYW is rendered
FALSE thereby, and, consequently, the *“Y” drivers for
memory addresses ¢¢ through 99 are prevented from
being energized. However, even though line AJ was
rendered FALSE at TIME-4, line ZA was simultaneous-
ly rendered TRUE. Therefore, line AYW remains
TRUE, and, consequently, the “Y” driver for address-A
is permitted to be selectively energized.

With reference to FIG. 61, when the output of logical
AND 1116 is rendered FALSE at TIME-4, the state of
flipfiep 6539 is reversed, so that output line CFF is
rendered TRUE. Thus, at TIME-4 when line CFF is
rendered TRUE, line CYC is likewise rendered TRUE
and is rendered FALSE ten microseconds later at TIME~
1. When line CYC experiences a TRUE-to-FALSE
reversal of state at TIME-1, the bit-counter (FIG. 62)
is effectively advanced from a count of “d” to a count
of “a.” Also at TIME-1, line SMC (FIG. 60) is rendered
TRUE by a reversal of state of flipflop 6038.

As is evident from the preceding portion of the de-
scription relating to the adder-subtracter portion of the
computer (FIGS. 53 and §54), immediately following
the simultaneons copying into the “§” and “K” digit-
registers of bit “d” from each of the first-order digits
of the word originally stored in one of memory addresses
¢ through 99 and the word stored in one of addresses
A and B, the sum and carry digits are immediately avail-
able at the output of the adder-subtracter unit and ready
for respective storage into address-A and carry flipflop
6869 (FIG. 53). Consequently, immediately following
the second forty-microsecond interval, four read-write
cycles are sequentially initiated to effect the copying of
the sum digit into address-A and the carry digit into the
carry flipflop of the adder-subtracter unit.

As previously described with respect to FIG. 54, the
states of output lines ANa through ANd of the decoder
portion of the adder-subtracter unit collectively represent
the binary value of the sum digit, whereas the state of
output line EAS indicates whether or not there is a
decimal carry digit. As shown in the upper right-hand
corner of FIG. 54, output lines ANa through ANd
of the adder-subtracter unit are each logically ANDED
with a corresponding one of lines Ba through Bd frem
the bit-counter (FIG. 62) in a manner such that, during
the first forty-micresecond read-write cycle while the bit-
counter is at a count of “a,” the state of line Z is TRUE
if binary bit “¢” of the sum digit is a “1,” and is FALSE
if binary bit “a” is a “0.” During the second forty-
microsecond read-write cycle while the bit-counter is at
a count of “4,” line Z is TRUE if bit “b” of the sum
digit is a “1” and is FALSE if bit “b” is a “0,” and so
on for bit “c” ard bit “d” of the sum digit.

Therefore, with reference to FIG. 60, as line ZA was
previously rendered TRUE at TIME-4 preceding the
initiation of the second sequence of four read-write
cycles, cutput line MXW is thereafter rendered TRUE
when line Z is rendered TRUE, the outputs from the two
memory sense amplifiers, via lines ASA and MSA, being
respectively inhibited by logical ANDS 1088 and 10981,
and, thus have no effect on the state of line MXW during
the second sequence of read-write cycles. Censequently,
the corresponding one of “X” driver lines XDa through
XDd, which are selected by lines BaM through BdM,
are permitted to be energized only when the binary bit
to be stored in address-A is a “1.”

) After the four binary bits of the sum digit is stored
in the ﬁ{St-oI‘der digital position of address-A, the state
of the prime input to flipflop 6639 (FIG. 61) is reversed
at TIME-4 of the fourth read-write cycle. Consequent-
ly, the state of flipflop 6839 is reversed, and output line
CFY is rendered FALSE thereby. At the following
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TIME-1 after line CFF is FALSE, the state of flipfiop
6038 (FIG. 60) is reversed, and line SMC is rendered
FALSE thereby. When line SMC is rendered FALSE
at TIME-1, line XDW is likewise rendered FALSE.

During the forty-microsecond interval following the
second sequence of four read-write cycles, the count of
the digit-counter is advanced from “0” to “1,” and the “J”
and “K” digit-registers are again preset to “0” preparatory
to the storage therein of the second-order digits of the
two operands located in memory. Thercafter, the second-
order digits of the two operands are added, together with
the previous carry digit, and the new sum digit is stored
in the second-order digital position of address-A in exactly
the same sequence as just described with respect to the
two first-order digits. Thereafter, the sequence of events
is again sequentially repeated until the ten-digit sum of
the two ten-digit operands is stored in memory at ad-
dress-A.

With reference to FIG. 61, at TIME—4 during the last
bit time of the addition operation, the state of the refer-
ence input to flipflop 6039 is reversed, so that output line
CFF is rendered FALSE at TIME—4 by the reversal of
state of flipflop 6039. As all of the inputs to logical AND
1119 are simultaneously TRUE at the last TIME-4, ten
microseconds later at TIME-1, the state of flipflop 6040 is
reversed, and the state of output line PC is thereby ren-
dered TRUE for a period of forty microseconds. With
reference to FIG. 60, when line (CFF)’ is rendered TRUE
at TIME—4, ten microseconds later at TIME-1, the state
of flipflop 6038 is reversed and renders output line SMC
FALSE. When line SMC is rendered FALSE at the last
TIME-1 of the subcommand, the “X” and “Y” drivers
and grounders for the memory are prevented from subse-
quently being selectively energized, thus terminating the
last read-write cycle of operation,

As shown in FIG, 61, as line PC is TRUE at this time,
line AN is rendered TRUE at the last TIME-4 for a period
of ten microseconds until the last TIME-1, at which time
line AN is rendered FALSE. Therefore, with reference
to FIG. 77, when line AN is rendered FALSE at the last
TIME-1 indicating completion of the “RAD” subcom-
mand, the state of the prime input to flipflop 6097 is re-
versed from TRUE to FALSE and thereby causes a corre-
sponding reversal of state of flipflop 6097, which, in turn
renders output line RAD FALSE, thus terminating the
sequence of operations of the “RAD” subcommand.

In summary, like all other subcommands and word-
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cycles, subcommand “RAD” is essentially turned “ON”
at TIME~1. During the first bit time of forty microscc-
onds after subcommand “RAD” is “ON,” the control cir-
cuitry for the memory is properly conditioned for simulta-
neous reading and writing with respect to address-A and
a selected one of addresses g¢g¢ through 99. Thereafter,
a sequence of four read-write cycles is initiated, during
which the first-order digit of the word in address-A is
stored in the “J” digit-register, and, simultaneously there-
with, the first-order digit of the word in a selected one
of memory addresses ¢¢ through 99 is stored in the “K”
digit-register. Following the first sequence of four read-
write cycles, the sum and carry digits of the first-order
digits of the two operands appear at the output of the
adder-subtractor unit. Therefore, during the next bit time
of forty microseconds following the first sequence of read-
write cycles, the control circuitry for the memory is prop-
erly conditioned preparatory to writing the low-order sum
digit into the low-order digital position of address-A.
Thereafter, a second sequence of four read-write cycles
is initiated, during which time the sum digit is stored
in the proper digital position of address-A,

The above sequence of events is sequentially repeated
for each of the remaining digits of the two operands
until the sum of the two operands is derived and stored
in address-A. After the addition operation is completed,
line RAD remains TRUE for one more bit time of forty
microseconds for other control purposes and then is ren-
dered FALSE. It is seen, therefore, that a “RAD” sub-
command comprises twenty digit-cycles, each of which is
five binary bits in length, plus one spare bit at the end
of the subcommand for control purposes. Consequently,
the total time required to complete a “RAD” subcommand
is 101 binary bit times of forty microseconds each, or
approximately .004 second.

The mode of operation of each of subcommands “RSB”
(Regular Subtract), “CPA” (Complement in “A”),
“CPM” (Complement in Memory Addresses ¢¢ through
99}, “DAD” (Add Constant to “B”), and “ARO” (Add
Constant to “A”) is essentially the same as for a “RAD”
subcommand except for minor exceptions, and, conse-
quently, a detailed description thereof is not deemed neces-
sary for a full and complete understanding thereof. An
“RSB” subcommand, for example, essentially differs only
in that subtract line SAS of the adder-subtractor unit
(FIGS. 53 and 54) is rendered TRUE by line RSB at the
beginning of the “RSB” subcommand.

TIMING CIART FOR FIRST-ORDER DIGITAL PORTION OF “RAD"” SUBCOMMAND
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TIMING CHART FOR FIRST-ORDER DIGITAL PORTION OF “RAD"” SUBCOMMAND—Continued

TIME PKg 3y SITA MK AT MYW AYW SMC XDW
} SO F T F r ® F T F F
1st.
b o T F F ¥ ¥ T ¥ ¥ Forty
Microsecond
- FRNU T T F F ¥ F T F F Interval
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) D, F T T T T T T T T
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¥ T ¥ F F b T T T
F T T F F F T F F

Consequently, the difference between the two digits in
the “J” and “K” digit-registers is cbtained each time
instead of the sum thereof, all of which is fully described
previously with respect to that portion of the description
relating to the adder-subtracter unit.

In order to carry out a “CPA” subcommand, the word
stored in address-A is complemented and thereafter stored
in address-A. To accomplish this, each digit of the word
in address-A is subtracted from “0,” and the difference
digit is stored in the proper digital position of address-A,
with the carry digit being stored in the carry flipflop of
the adder-subtracter unit, as previously described. To
accomplish this, “0” is obtained by presetting the “I”
digit-register to “0” at the beginning of the subcommand
and, thereafter, leaving the “J” digit-register in the *‘pre-
set to zero” condition during the entire subcommand.
Consequenily, during each sequence of four read-write
cycles, the particular order digit of address-A is stored
in the “K” digit-register. Therecafter, the digit is sub-
tracted from “0” by the adder-subtracter unit, and, during
the second sequence of four read-write cycles, the remain-
der digit is stored in the proper digital position of
address-A. A “CPM” subcommand is carried out in a
similar manner; however, in carrying out a “DAD” sub-
command, the word in address-B is selectively added to
either of the constants 0000000001 or 0000000003, and,
therafter, the sum thereof is stored in address-B. This
is accomplished by first presetting the “K” digit-register
to zero and immediately thereafter presetting the “J”
digit-reigister to “1” or “5” at the beginning of the ini-
tiation of the subcommand, depending upon the particu-
lar constant desired to be added to the word in address-B,
After the first-order digit of the word in address-B is
stored in the “K” digit-register, the sum digit derived
from the contents of the “J” and “K” digit-registers is
stored in the first-order digital position of address-B.
Thereafter, the “J” digit-register is presct to “0” and re-
mains in the “preset to zero” condition during the remain-
der of the subcommand. An “ARO” subcommand selec-
tively effects the addition of the word of address-A to the
constant 0000000005 and, thereafter, effects storage of
the sum in address-A instead of address-B in substantially
the same manner as a “DAD” command.

Like the previously-described subcommands, a “SA”
and a “SB” subcommand comprises twenty digit-cycles,
each five bit times in length, plus one bit time at the end
of the subcommand for control purposes. Thus, the
Iength of a “SA” and a “SB” subcommand is 101 bit times

30

40

50

55

60

65

70

75

of forty microseconds each, or 4,04 milliseconds. In
carrying out the dictates of a “SA” subcommand, each of
the ten decimal digits of the word in address-A is effec-
tively shifted, either to the next higher-order digital posi-
tion or to the next lower-order digital position therein,
which, in effect, respectively multiplies or divides the
word in address-A by “ten.” An *“SB” subcommand
effects the shifting of the word in address-B in a similar
manner.

Before describing in detail the modes of operation ef-
fected by the “SA” and “SB” subcommands, a brief de-
scription of each will now be given in order to facilitate
a full and complete understanding thereof.

If it is assumed that the word in address-A is to be
shifted one place to the left, the “K” digit-register is
first preset to “0” at the beginning of the cycle of opera-
tion. Thereafter, the digit-counter is advanced from a
count of “9” to a count of “0,” and the “J” digit-register
is simultaneously preset to “0.” After the “J” digit-reg-
ister is preset to “0,” the first-order digit of the word in
address-A is transferred to the “J” digit-register, and the
contents of the “K” digit-register—i.e., “0”—is stored in
the first-order digital position of address-A. Thereafter,
the digit-counter is advanced from a count of “0” to a
count of “1,” and the “K” digit-register is again preset
to “0,” even though, in fact, the digit-register is already
effectively storing a *0.”. After the “K” digit-register is
preset to “0,” the second-order digit of the word in
address-A is transferred to the “K” digit-register, and the
first-order digit of the word, previously stored in the “J”
digit-register, is stored in the second-order digital posi-
tion of address-A. Thereafter, the digit-counter is ad-
vanced from a count of *1” to a count of “2,” and the
“J” digit-register is again preset to “0.” After the “j”
digit-register is preset to “0,” the third-order digit of the
word in address-A is stored thercin, and the second-order
digit in the “K” digit-register is stored in the third-order
digital position of address-A. Thereafter, the digit
counter is advanced from a count of *2” to a count of
“3,” and the “K” digit-register is again preset to “0.” The
just-stated sequence of events is repeated until each of
the digits of the word in address-A is sequentially shifted
to the next higher-order digital position therein.

In order to shift the word in address-A one digital
position to the right, instead of to the left, as just de-
scribed, both the bit-counter and the digit-counter are
each effectively operated in a reverse direction, and, as a
result, reading and writing with respect to address-A are
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also in reverse order. That is, bit “d” of the teath-order
digit of the word in address-A is the first to be read out,
and bit “a” of the first-order digit of the word in address-A
is the last to be read out. ‘Therefore, at the beginning
of the operation, the “K" digit-register is preset to “0,”
and the digit-counter is decremenied from a count of “0”
to a count of “9.” Thereafter, the “J” digit-register is
preset to “0,” after which the teath-order digit is stored
in the “J” digit-register. After the tenth-order digit is
transferred to the “J” digit-register, the contents of the
“K” digit-register—i.e., “0"—is stored in the tenth-order
digital position of address-A. Thereafter, the digit-
counter is decrementcd {rom a count of “8” to a count
of “8,” and the “K” digit-resister is preset to “C,” and
so on, until the second-order digit of the word of address-A
is shifted to the first-order digital position therein.

It is to be noted that, in order to preserve the sign of
a negative number whose complement is to be shifted a
prescribed number of places to the right, the “K” digit-
register is initially preset to 9,” and the numeral “9” is
stored in the tenth-order digital position of the word at
the beginning of each shifting operation of the word.
Otherwise, the sign is not preserved.

As the word in address-B is shifted either to the left or
to the right via an “ASB” subcommand in essentially the
same manner as just described with respect to address-A,
a further description thereof is not deemed necessary for
a full and complete understanding of the mode of opera-
tion thereof.

As will be seen later, in carrying out a “mulliply-dollar- :

decimal” (MCC—12) or a “multiply-and-shift” (MUS—
13) instruction, the ten-digit words stored in addresses
“A” and “B” are effectively combined to form a twenty-
digit word, whereby address-B coniains the ten lower-
order digits and address—A contains the ten higher-order
digits of the twenty-digit word. In order to shift such a
twenty-digit word omne place to the right, a “SA” subcom-
mand is initiated, whereby the word in address-A is
shifted to the right in the same manner as just described.

However, at the conclusion of the “SA” subcommand, <

the original first-order digit of the word is address-A
is stored in the “K” digit-register, and a “SB” subcom-
mand is thereafter initiated. In this instance, however,
the “K” digit-register is not initially preset to “0” at the
beginning of the “SB” subcommand. Consequently, when
the word in address-B is shifted one place to the right, in
the manner just described, the original first-order digit of
the word in address-A, which is stored in the “K” digit-
register, is stored in the tenth-order digital position of
address-B. Thus, each of the twenty digits of the twenty-
digit word is effectively shifted to the next lower-order
digital position of addresses “A” and “B.”

More specifically, a “SA” subcommand for shifting
left is initiated and carried out in the following man-
ner: With reference to FIG., 78, and with additional
reference to the following timing chart, in initiating a
“SA” subcommand, the reference input to flipflop 6101
is properly conditioned, so that, when line AN experi-
ences a TRUE-to-FALSE reversal of state, indicating
completion of the previously-initiated sequence of events
to the extent that a “SA” subcommand is permitted to
be initiated thereafter, output line SA is rendered TRUE
by a reversal of state of flipflop 6161 at the first TIME-1.
With reference to the lower left-hand corner of FIG. 62,
the state of line GOO is rendered TRUE at TIME-1 by
line SA and remains TRUE as long as the state of line
SA remains TRUE. With reference to the lower left-
hand corner of FIG. 71, the states of lines JA and IJF
are also rendered TRUE at TIME-1 by line SA. As
shown in FIG. 60, the state of line SOO is rendered
TRUE at TIME-1 due to the fact that the state of line
JA is rendered TRUE at that time, Therefore, at the
following TIME-3, all the inputs to logical AND 1113
(FIG. 61) are simultaneously TRUE, thus rendering
line DDF TRUE at TIME-3. Ten microseconds later,
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at TIME-4, the state of line DDF is rendered FALSE
by line C34, and, consequently, the state of fiipfiop 6639
is reversed, so that the state of output line CFF is ren-
dered TRUE thereby.

At TIME-4, when the state of line CFF is rendered
TRUE, the state of line CYC is rendered TRUE and
remains TRUE for ten microseconds, at which time line
CYC is rendered FALSE. Thus, when line CYC ex-
periences a TRUE-to-FALSE change of state, the bit-
counter (FIG. 62) is incremented from a count of “d”
to a count of “g,” in the same manner as previously de-
scribed. With reference to FIG. 79, when the state of
line DDF is rendered FALSE at TIMFE—4, the state of
flipflop 6105 is reversed, so that output line SHA is ren-
dered TRUE thereby at TIME-4. As shown in FIG. 71,
when line SHA is rendered TRUE, the state of line AJ
is rendered TRUE thereby, and, simultanecusly there-
with, the state of line JA is rendered FALSE thercby.

At TIME-3 when the state of line DDF is rendered
TRUE, line AD (FIG. 61) is rendered TRUE for a pe-
riod of ten microseconds, after which time line AD is
rendered FALSE. When line AD experiences a TRUE-
to-FALSE change of state at TIME-4, the digit-counter
(FIG. 63) is advanced from a count of “9” {o a count
of “0,” in the same manner as previously described. At

TME-4 when the state of line AD is reversed from
TRUE to FALSE, the states of preset lines Pl¢ (FIG.
71) and PK¢ (FIG. 70) are both reversed thereby from
a TRUE state to a FALSE state. Consequently, the “J”
and “K” digii-registers are both preset to “0” at TIME-4,
in the same manner as previously described. At the sec-
ond TIME-1, the statc of flipflop 6038 (FIG. 60) is re-
versed, and output line SMC is rendered TRUE thereby
and thus effects a read-write cycle, in substantially the
same manner as previously described with respect to a
“RAD” subcommand, to transfer the first-order bit of
the first-order digit of the word in address—-A, and sub-
sequent storage of the bit in the “J” digit-register (FIG.
71), via selective energization of line JL, all in the man-
ner previously described.

At the third TIME~1, the bit-counter is effectively ad-
vanced from a count of “a” to a count of “b,” a second
read-write cycle Is initiated, and, consequently, the sec-
ond-order bit of the first-order digit in address-A is
stored in the “J” digit-register., At the fourth TIME-1,
the bit-counter is again incremented, a third read-write
cycle is initiated, and the third-order bit of the first-order
digit of the word in address-A is stored in the *J” digit-
register. Finally, at the fifth TIME-1, the bit-counter
is incremented to a count of “d,” a fourth read-write
cycle is initiated, and, as a result, the fourth-order bit of
the first-order digit of the word in address-A is stored in
the “J” digit-register.

At TIME-4 during the fourth read-write cycle, the
state of flipflop 6039 (FIG. 61) is reversed, and line
CFF is thereby rendered FALSE. Ten microseconds
later at the following TIME-1, the state of flipflop 60338
(FIG. 60) is reversed, and line SMC is thereby ren-
dered FALSE to prevent a read-write cycle from being
initiated at that time. At the following TIME-~3, thirty
microseconds after the state of line CFF is rendered
FALSE, the state of line DDF (FIG. 61) is rendered
TRUE and remains TRUE until the following TIME-4,
at which time line DDF is rendered FALSE. When line
DDF is rendered FALSE at TIME-4, the state of flip-
flop 6105 (FIG. 79) is reversed, so that output line SHA
is thereby rendered FALSE at TIME-4. Also at TIME-
4 when the state of line SHA is rendered FAI.,SE, the
state of flipflop 6101 is reversed, so that output line SHB
is thereby rendered TRUE at TIME-4. .

With reference to FIG. 71, when the state of line
(SHB)’ is rendered FALSE, the state of line AJ is there-
by rendered FALSE. However, with reference to FIG.
69, when the state of line SHB is rendered TRUE, the
state of line KA is thereby rendered TRUE, and,conse-
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guently, the state of line SOO (FIG. 60) remains un-
changed. Also at TIME-4 following the fourth read-
write cycle, the state of flipflop 6039 (FIG. 61) is re-
versed, so that the state of line CFF is thereby rendered
TRUE. With reference to FIG. 60, ten microseconds
after the state of line CFF is rendered TRUE, the state
of flipflop 6038 is reversed, so that the state of line SMC
is rendered TRUE at TIME~1. With reference to FIG.
61, ten microseconds after the state of line CFF is ren-
dered TRUE, line CYC experiences a TRUE-to-FALSE
reversal of state and thereby advances the bit-counter
(FIG. 62) from a count of “d” to a count of “a.” Con-
sequently, at TIME-1 there is again initiated a sequence
of four read-write cycles whereby the digit stored in the
“K” digit-register—i.e., “0”"—is stored in the first-order
digital position of address-A.

At TIME4 following the second sequence of four
read-write cycles, the bit-counter being at a count of
“d,” the state of flipflop 6039 (FIG. 61) is reversed, so
that the state of line CFF is thereby rendered FALSE.
At the following TIME-1 after the state of line CFF is
rendered TRUE, the state of flipflop 6038 (FIG. 60) is
reversed, so that the state of output line SMC is thereby
rendered FALSE. As shown in FIG. 61, at the follow-
ing TIME~3 after the state of line (CFF)’ is rendered
TRUE, the state of line DDF is rendered TRUE for a
period of ten microseconds and then is rendered FALSE
at the following TIME-4. At TIME-4 when line DDF
is rendered FALSE, the state of flipflop 6105 (FIG. 79)
is reversed, so that the state of line SHA is thereby ren-
dered TRUE. However, at this time the state of line
SHB does not reverse, but, instead, remains TRUE.

With reference to FIG. 61, at TIME-3 when the state
of line DDF is rendered TRUE, the state of line AD is
rendered TRUE for a period of ten microseconds, after
which period the state of line AD is rendered FALSE.
When line AD experiences a TRUE-to-FALSE change of
state at TIME-4, the digit-counter (FIG. 63) is incre-
mented from a count of *0” to a count of “1,” in 4 man-
ner previously described. At TIME—4 when the state of
line (SHA)’ is rendered FALSE, the states of lines KA
and KKF (FIG. 69) are thereby rendered FALSE. How-
ever, at TIME—4 when the state of line SHA is rendered
TRUE, the state of line AK is thereby rendered TRUE,
and, consequently, the state of line SOO (FIG. 60) re-
mains TRUE. With reference to FIG. 70, at TIME-4
when lines AD and KKF experience TRUE-t0o-FALSE
changes of states, the state of line PK¢ is reversed from
TRUE to FALSE and effects the presetting of the “K”
digit-register to “0.”

Also at time-4, the state of flipflop 6039 (FIG. 61)
is reversed, so that the state of line CFF is thereby
rendered TRUE. When the state of line CFF is rendered
TRUE, the state of output line CYC is also rendered
TRUE and remains TRUE for a period of ten micro-
seconds, at which time the state of line CYC is rendered
FALSE. When the state of line CYC experiences a
TRUE-to-FALSE reversal of state at TIME-1, the bit-
counter (FIG. 62) is advanced from a count of “d4” to a
count of “a.” Also at TIME-1, the state of flipflop 6038
{(FIG. 60) is reversed, so that the state of line SMC is
thereby rendered TRUE. Consequently, at TIME-1, a
third sequence of four read-write cycles is initiated, in
the manner previously described, so that the four binary
bits of the second-order digit of the word in address-A
are read out and stored in the “K” digit-register (FIG.
70) via lines ASA and KL.

At the following TIME-4 after the bit-counter has
reached a count of “d,” the state of flipflop 6039 (FIG.
61) is reversed, and the state of line CFF is thereby
rendered FALSE. Ten microseconds later, the state of
flipflop 6038 (FIG. 60) is reversed, and the state of line
SMC is rendered FALSE at the following TIME-1 to
prevent a read-write cycle from being initiated during
the following control period. With reference to FIG. 61,
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at the following TIME-3, the state of line DDF is again
rendered TRUE and remains TRUE for a period of ten
microseconds, after which time the state of line DDF is
rendered FALSE at the following TIME-4,

With reference to FIG. 79, at TIME~4 when line DDF
experiences a TRUE-to-FALSE reversal of state, the state
of flipflop 6105 is reversed, so that the state of output
line SHA is thereby rendered FALSE. Consequently,
when line SHA experiences a TRUE~to-FALSE reversal
of state, the state of flipflop 6106 is reversed, so that the
state of output line SHB is also rendered FALSE at
TIME-4. Consequently, the state of line AK (FIG. 69)
is rendered FALSE at TIME—4 when the states of lines
SHA and SHB are rendered FALSE. However, at the
same time, the states of lines JA and JJF (FIG. 71) are
rendered TRUE. Consequently, the state of line SOO
(FIG. 60) remains TRUE. Also at TIME—4, when the
state of line DDF is rendered FALSE, the state of flipflop
6039 (FIG. 61) is reversed, so that the state of output
line CFF is thereby rendered TRUE. When the state of
line CFF is rendered TRUE at TIME-4, the state of line
CYC again is rendered TRUE and remains TRUE for
a period of ten microseconds, after which period its state
is rendered FALSE. Consequently, when line CYC ex-
periences a TRUE-0-FALSE reversal of state at TIME—
1, the bit-counter (FIG. 62) is advanced from a count
of “d” to a count of “a.” With reference to FIG. 60, the
state of flipflop 6038 is reversed at TIME~1 and thereby
renders the state of line SMC TRUE.

Thus, at TIME~1 following the fourth forty-microsec-
ond control period, a fourth sequence of four read-write
cycles is initiated, so that the first-order digit that was
originally stored in address-A, but now is stored in the
“J» digit-register, is stored in the second-order digital
position of address-A. Consequently, it is seen that the
digit originally stored in the first-order digital position of
address-A is now shifted to the second-order digital posi-
tion therein, and a “0" is stored in the first-order digital
position of address-A.

After completion of the fourth sequence of read-write
cycles, the count of the bit-counter is advanced to “d.”
Therefore, at the following TIME-4, the state of flipflop
6039 (FIG. 61) is reversed, so that output line CFF is
thereby rendered FALSE. At the following TIME-1
after the state of line OFF is rendered FALSE, the state
of flipflop 6038 (FIG. 60) is reversed, so that the state
of output line SMC is thereby rendered FALSE to pre-
vent further read-write cycles from being initiated during
the following forty-microsecond control period.

The state of line DDF (FIG. 61) is rendered TRUE
from TIME-3 to TIME~-4 during the following control
period and effects advancement of the digit-counter (FIG.
63), via line AD, from a count of “1” to a count of “2.”
Thereafter, the “J” digit-register (FIG. 71) is preset to
“0,” and the third-order digit of the word in address-A
is stored therein.

The just-described sequence of events is sequentially
repeated until each of the digits of the word stored in
address-A has been shifted to the next higher-order digital
position therein, hereinafter known as “shifting to the
left.” After each of the digits of the word in address-A
has been shifted to the next higher-order digital position
therein, the digit-counter is, at that time, at a count of
“9.” the bit-counter is at a count of “d,” and the states
of lines SHA and SHB are FALSE, thus indicating the
end of the shift cycle. Therefore, at TIME-1 of the
following forty-microsecond control period, the state of
flipflop 6046 (FIG. 61) is reversed, so that output line
PC is thereby rendered TRUE. Consequently, the state
of line AN is rendered TRUE at the following TIME—4
and remains TRUE for a period of ten microseconds,
after which period line AN is rendered FALSE. When
line AN experiences a TRUE-to-FALSE reversal of state,
the state of flipflop 6101 (FIG. 78) is reversed, so that
the state of line SA is thereby rendered FALSE, thus
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completing the cycle of operation of the “SA” sub-
command.

148

instruction word is stored in the instruction register, the
two decimal digits stored in section 1 thereof determine

PARTIAL TIMING CHART FOR “SA” SUBCOMMAND

TIME | 8A ,GOO|IJF | T4 800 |DDF CFF|CYC|SHA [SHB| AT | AD | PIs |PKg |SMC| KA |KKF| AK
) E T T T T T F F F ¥ F ¥ F F F F F F ¥
I T T T T T F I F F F F F ¥ F F F F ¥ 40 psec.
Control
 S— T T T T T T ¥ F F F F T T T F F F F | Period
[ T, T T F r T F T T ¥ T ¥ ¥ F F ¥ ¥ r
) T T ¥ F T ¥ T F T P T F F F T F F F
““AJ" Read-Write
Digit-Cycle
(160 psec.}
4 T T r F T ¥ F F T F T F F F T F F F
} SR T T F ¥ T r F F T ¥ T F ¥ F F r F F
T T F F T F by F T r T F F F F F F F {40 usec.
Control
T T ¥ F T T F F T F F F F F F F F Period
T T ¥ P T F T T ¥ T F ¥ F F ¥ T T ¥
T T F F T F T F F T F P F F T T T ¥
“KA"” Read-Write
Digit-Cycle
S (S (180 usec.)
[ T T T F F T F ¥ F F T F F F r T T T F
1. T T F ¥ T F ¥ F F T F F F F F T T F
S T T F ¥ T F F F F T F ¥ F F F T T F 40 psec,
Control
. T T T F F T T F F ¥ T ¥ T F T r T T F Period
4ol T T F F T F T T T T ¥ F F F F F F T
| SR T T F F T F T F T T F F F F T ¥ F T
“AK" Read-Write
Digit-Cycle
{160 usec.)
[ S T T F P T F F F T T F F F F T ¥ F T
T T F F T F F F T T F F F F i F F T
T T g b T F ¥ F T T F ¥ F ¥ F F ¥ T | 40 usec.
Control
T T F F T T F F T T F F F F F F ¥ T Perlod
4 T T T T T T T T ¥ F ¥ F ¥ ¥ F r F ¥
) U, T T T T T ¥ T F F F F F F F T F F F
[ R “JA' Read-Write
Digit-Cycle
(160 usec.)
[ S— T T T T T F P F F F F P P F T P F P
1. T T T T T F F F F F F ¥ F F F F F F
40 usec.
Control Perlod

If, however, the word in address-A is to be shifted to
the right instead of to the left, a detailed description of
the mode of operation of the subcommand capable of
initiating the required sequence of events is obtained sim-
ply by modifying the previous “shifting left” description
by substituting B4 for each occurrence of Ba, Bc for
each occurrence of Bb, Bb for each occurrence of Be,
Ba for each occurrence of Bd, D9 for each occurrence of
D¢, D8 for each occurrence of D1, D1 for each occur-
rence of D8, and D¢ for each occurrence of D9,

If the word in address-B is to be shifted instead of the
word in address-A—i.e, via a “SB” subcommand—the
preceding descriptions are to be modified by substituting
SB for SA, IB for JA, BJ for AJ, KB for KA, and BK
for AK.

69, Instructions Generally

As previously described, there are eighteen basic in-
structions to which the computer is responsive. Five of
these basic instructions concern the ledger card sensing
equipment and the accounting machine portion of the
computer; one is concerned with the reading of punched
paper tape; and twelve are concerned with arithmetic and
control functions within the computer.

The first step to be carried out in the execution of each
instruction is the reading-out from memory of the next
instruction word in the program and storage of the in-
struction word in the instruction register. After the
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the particular type of instruction, or sequence of opera-
tions, to be executed next. For example, if the two-digit
decimal number in section 1 of the instruction register
is “00,” an “enter-keyboard-words” instruction is ex-
ecuted, whereby all data thereafter transferred between
data-handling sections of the computer is in accordance
with a particular sequence pattern dictated by this particu-
lar instruction,

The execution of each instruction concludes by effect-
ing the storage in the word-selecting register of the ad-
dress in memory of the next regular instruction word, the
address in memory of the next regular instruction word
being specified by the contents of section 5 of the present
instruction word.

After the address of the next instruction word is prop-
erly stored in the word-selecting register, the computer
may immediately carry out the dictates of the next in-
struction word read from memory, or may pause for
a period of time before executing the next instruction.
‘Whether or not the computer immediately proceeds to
carry out the next instruction in the program depends
upon the particular mode of operation pre-selected by the
operator. If the computer is operating in an “automatic™
mode, the next instruction in the program is immediately
carried out upon completion of the preceding instruction.
However, if the computer is operating in a “manual”
mode, all computation stops upon completition of the
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execution of each instruction and is not resumed until
either the manual or the automatic “mode-selection” push
button is depressed. Upon depression of one of the
mode-selection push buttons, the sequence of events is
as follows: The next instruction word specified by the
contents of the word-selection register is read out from
memory and stored in the instruction register; the two
decimal digits thus stored in section 1 of the instruction
register are examined to determine the particular instruc-
tion to be carried out; and, thereafter, the computer
proceeds to carry out the dictates of that particular
instruction.

As previously mentioned, for the purpose of conven-
ience in describing in detail the inherently complex mode
of operation which the computer executes in carrying out
a particular instruction, each of the eighteen different in-
structions is considered a “subprogram” comprising a
plurality of “subinstructions” which are sequentially given
to the computer, the sequence of events initiated by the
computer in carrying out each of the subinstructions being
under the control of the control-counter. Again, as pre-
viously mentioned, each of the just-mentioned subinstruc-
tions is classified in one of six general categories, labeled
“word-cycles,” “subcommands,” “variable-time-delays,”
“decisions,” “incrementing and decrementing,” and “mis-
cellaneous,” of which the more complex ones of the vari-
ous subinstructions have previously been described in de-
tail, and all of which are each related to a specific portion
of the computer control circuitry even though such spe-
cific portion does not always exist as a separate and dis-
tinct entity as such.

790. Detailed Description of EKW Instructions

The first subprogram to be described in detail is con-
cerned with the execution of an EKW instruction which
effects the storage in memory of amounts entered into the
accounting machine keyboard or taken from a preselected
one or ones of the totalizers therein. An EKW instruc-
tion may be considered as comprising four distinct phases
or groups of subinstructions, during the first phase of
which all computation and data-handling activity within
the computer ceases until an amount is indexed into the
keyboard of the accounting machine portion thereof, or
until the machine carriage is tabulated to the next stop;
however, if an “automatic-resume-program” has previous-
ly been specified, all activity ceases only until the carriage
recaches a stop. The second phase of the subprogram is
concerned with initiating a cycle of operation of the ac-
counting machine; consequently, the high-order digit in
section 2 of the instruction register is examined to de-
termine the required cycle of operation of the accounting
machine to be initiated. Thereafter, the required ma-
chine cycle is automatically initiated by proper actuation
of the required motor bar when the resume-program-bar
is subsequently depressed by the operator. Upon com-
pletion of the machine cycle, the differentially-set posi-
tions of the amount racks collectively represent the
amount to be stored in memory, as previously described.
The third phase of the subprogram is, therefore, con-
cerned with examining the printed circuit switch on the
rear of the machine to determine the amount just entered
into the keyboard, and subsequent storage of the amount
in address-A. If reverse key REV (FIGS. 2 and 44A)
has previously been depressed, indicative of a negative
amount being entered into the accounting machine key-
board, the word initially stored in address-A is comple-
mented before being subsequently stored in the selected
address in memory. However, if reverse key REV is not
depressed, the word initially stored in address-A is com-
plemented before being subsequently stored in the selected
address in memory. However, if reverse key REV is not
depressed, the word initially stored in address-A is subse-
quently transferred to the selected address in memory.

During the last phase of the subprogram, the contents
of sections 3 and 4 of the instruction register are com-
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pared for equality to determine whether there are addi-
tional words to be entered into memory from the key-
board or totalizers of the accounting machine. If there
is an additional entry to be made, section 3 of the instruc-
tion register is incremented, and the just-described se-
quence of events is again repeated. If, however, there are
no additional entries to be made, the sequence of events
initiated by the EKW instruction is thus terminated.
Listed below in somewhat tabular form, and also graphi-
cally illustrated by the flow diagram of FIG. 107A, is a
step-by-step description of the various previously de-
scribed subinstructions to which the computer is sequen-

tially responsive in executing an “EKW” instruction:

Step

Subinstrue-
tions

Description

MI-0-2. - oon

RPB-0-6....-.
He-8-7__...-e

MBg(1)-0-18_.

MBg¢(2)-0-18..
TI2-12-11......

MBI1(1)-0-18..
H3-14-13. ...

MB1(2)-0-18..
H4-16-15 ...

MB2(1)-0-18_.
H5-0-17. s
MB2(2)-0-18..
L1-20-19......

OMm1-6-22. ...

AF-0-24...__
F9-02-25_ ...
CA2)-0-26__..

REV-28-27_...

IN4-0-2....._.
STD-5-*.__...

Copy the Instruction word from memory into
the instruction register, the address In mem-
ory of the next instruction word being
indicated by the contents of the word-
selecting register. If the number thus stored
in section 1 of the instruction register is “00,”
carry out the subinstruction listed in Step-2
of the following EXW subprogram:

Preset the F-counter to ‘‘0”; thereafter go to
Step-3.

Go to Step-4 in the subprogram whenever de-
pression of a motor bar will initiate a machine

cycla.

If the low-order digit in section 2 of the instrue-
tion registerisa “3,” go to Step-4; otherwise,
go to Step-5.

Upon depression of the resume-program-bar,
go to Step-8.

If the high-order digit in section 2 of the instruc-
tion register is a ““0,’' go to Step-7; otherwise,
go to Step-8.

Depress the upper motor bar for a “touch”
operation; thereafter, go to Step-18.

I the bigh-order digit of section 2 of the
instruction register is a ““1,” go to Step-9;
atherwise, go to Step-10.

Depress the upper motor bar for a ‘“hold"
operation; thereafter, go to Step-18.

If the high-order digit of section 2 of the Instrue-
tion register is 3'*2,”’ go to Step-11; otherwise,
go to Step-12.

Depress the middle motor bar for a ““touch™
operation; thereafter, go to Step-18.

If the high-order digit of section 2 of the instruc-
tion registeris a ‘‘3,” go to Step-13; otherwise,
go to Step-14,

Depress the middle motor bar for a*“hold”” oper-
ation; thereafter, go to Step-18.

If the high-order digit of section 2 of the instrue-
tion register isa*‘4,” go to Step-15; otherwise,
go to Step-16.

Depress the lower motor bar for a'touch” oper-
ation; thereafter, go to Step-18.

Go to Step-17 if the high-order digit of section 2
of the instruction register is a *¢5.””

Depress the lower motor bar for a‘ hold” oper-
ation; thereafter, go to Step-18.

Qo to Step-19 if the low-order digit of section 2
of the lnstruction register is a ““1’"; otherwise,
go to Step-20.

When printing occurs, place a comma between
rows #5 and #5; if there is no significant digit
in rows # through #10, print 80" preceding
the comma; thereafter, go to Step-22.

If the low-order digit in section 2 of the Instruc-
tion regicter 1sa ©2,” go to Step-21; otherwise,
go to Step-22.

‘When printing oceurs, place a comma between
#8 and #9; il there Is no significant digit in
rows #0 or #10, print a ‘0" preceding the
comina; thereafter, go to Step-22.

When the amount racks are traveling in a
Cgetting’’ direction, go to 8tep-23 each time
the timing rack changes digital position and
also upon engagement of the printing-liner.

Increment the F-counter; thereafter, go to
Step-24.

Go to Step-25 il the F-counter is at a count of
“g: gtherwise, go to Step-22.

Copy Into address-A the word collectively in-
dicated by the conditions of the rack readout
switches; thereafter, go to Step-26.

Go to Step-27 if the “‘reverse” key Is depressed;
otherwise, o to Step-28.

Complement the word stored In address-A;
thereafter go to Step-28.

Copy the word of address-A intoc the memory
address specified by section 3 of the instruc~
tion register; thereafter, go to Step-29.

Go to Step-31 if the memory addresses specified
Dy sections 3 and 4 of the Instraction register
are equal; otherwise, go to Step-30.

Increment section 3 of the instruction register;
thereafter, go to Step-2.

Copy the contents of section 5 of the instruction
register into the word-selecting register.
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Before proceeding with a detailed description of the
mode of operation initiated by each of the eighteen basic
instructions—i.e., “enter-keyboard-words” (EKW-—00)
through “enter-punched-tape” (EPT—17)—it is to be
noted that, in an effort to avoid in the following descrip-
tion an undue multiplicity of back-and-forth references
with respect to the various figures of the drawings, the
particular portions of the computer circuitry utilized in
carrying out a particular instruction have essentially been
taken from FIGS. 52A through 85 and re-assembled into
a composite circuit diagram relating to that particular in-
struction. For example, certain significant particular por-
tions of the computer circuitry utilized in executing an
EKW instruction are combined and logically illustrated
in FIGS. 89A and 89B as a composite circuit diagram.

As previously described, the first subinstruction initi-
ated and carried out in the execution of each instruction
is a “MI” word-cycle, which effects the transfer to the
instruction register of the word in memory previously
stored at the address indicated by the contents of the
word-selecting register. Also, as previously described, a
“MI” word-cycle is initiated each time the state of line
MI is rendered TRUE. As shown in FIG. 76, if the com-
puter is operating in an “automatic” mode, as indicated
by a TRUE state of line AUT, a “MI” word-cycle is auto-
matically initiated by a reversal of state of flipflop 6092
when the state of line AN is rendered FALSE, line AN
being rendered FALSE when the previously-initiated cycle
of operation is completed. However, if the computer is
operating in a “manual” mode, a “MI” word-cycle is ini-
tiated only by a depression of push-button MN1—MN2
(FIGS. 1 and 84), which also causes a reversal of state
of flipflop 6092 (FIG. 76). After the next instruction
word is transferred to the instruction register via the “MI”

word-cycle, if the two decimal digits stored in section 1 ¢

thereof correspond to the code designation for an “enter-
keyboard-words” instruction-—i.e., “00”—the state of line
EKW is rendered TRUE in a manner previously de-
scribed with respect to FIG. 56, and, consequently, an
“enter-keyboard-words” instruction is thereafter executed
in the following manner.

It is, however, assumed that when the “enter-keyboard-
words” instruction is first initiated: the able arm portion
(497) of the accounting machine is in the non-deflected
position shown in FIG. 38, and, consequently, the con-
tacts of switch 496 are closed, thus indicating that motor
bars 23, 27, and 28 are not disabled by able arm 497; that
the carriage of the accounting machine is not tabulating
over a carriage stop, as indicated by a closure of the con-
tacts of switch 510 (FIGS. 43 and 82); that the account-
ing machine is in home position, ready for a cycle of
operation thereof to be initiated, as indicated by a closure
of the contacts of switch 528 (FIGS. 41 and 82); and that
a paper-tape-punching operation is not to be initiated, as
indicated by a closure of contacts SC41—3 (FIG. 82) of
switch SC41 (FIG. 13). The just-mentioned assump-
tions having been satisfied, the state of line GO (FIG. 82)
is rendered TRUE, thus indicating that a cycle of opera-
tion of the accounting machine is now permitted to be
initiated.

With reference now to FIG. 61, the state of line AN
is reversed from TRUE to FALSE at TIME-1, indicat-
ing completion of the previously-initiated “MI” word-
cycle, as previously described. With reference now to
FIG. 72, when line AN is thus rendered FALSE, the
state of lines MIN and PF¢ are likewise reversed from
TRUE to FALSE. As previously described with ref-
erence to FIG. 72, when the state of line PFg is reversed
from TRUE to FALSE, the F-counter is thereby preset
to a count of “0.” With reference to FIG. 89A, as a
result of line MIN thus being rendered FALSE, the state
of flipflop 6089 is reversed, so that line KEY ds rendered
TRUE thereby.

As all of the inputs to logical AND 1743 are simul-
tancously TRUE when line KEY is thus rendered TRUE,
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the state of line EKL is thereby rendered TRUE and thus
effects illumination of the enter-keyboard-words lamp
EX (see also FIG. 2), indicating that the computer is
ready for an amount to be indexed into the keyboard of
the accounting machine portion thereof. Also, prior to
line EKL being rendered TRUE, the state of one of
lines L¢, L1, or L2 is previously rendered TRUE, de-
pending upon whether the low-order digit in section 2
of the instruction register (FIG. 57) isa “0,” a “1,” or a
“2,” respectively. Therefore, if the low-order digit is a
“0,” decimal-point lamp P¢ (see also FIG. 2), located
between amount rows #2 and #3 on the accounting ma-
chine keyboard, is illuminated when line EKL is ren-
dered TRUE,; if the low-order digit is a “1,” decimal-point
lamp P1 between amount rows #5 and #6 is illuminated;
and, if the low-order digit is a “2,” decimal-point lamp P2
between amount rows #8 and #9 is illuminated. As
will later be seen, a decimal-point and enter-keyboard-
words lamps both remain illuminated until the resume-
program-bar RPB (FIG. 2) is depressed.

With reference to FIG. 38, when the resume-program-
bar push button is depressed, the common plunger of
switches RP1 and RP2 is actuated thereby. As shown in
FIG. 84, when the resume-program-bar is depressed, the
normally-opened switch contacts RP2 are closed, and
normally-closed switch contacts RP1 are opened thereby.
Consequently, at the following TIME-1 after the resume-
program-bar is depressed, the state of flipflop 6138 is
reversed, so that output line RP is thereby rendered
TRUE. At TIME-1 following the release of the re-
sume-program-bar, the state of flipflop 6138 is again
reversed, so that line RP is rendered FALSE thereby.
As shown in FIG, 78, as a result of line RP experiencing
a TRUE-to-FALSE reversal of state, the state of flipflop
6099 is reversed, and line RPB is rendered TRUE thereby.

With reference back to FIG. 89A, at TIME-3 after
line RPB is thus rendered TRUE, the reference input to
flipflop 6118 reverses from TRUE to FALSE, and, con-
sequently, the state of flipflop 6118 is reversed and line
WOA is thereby rendered TRUE. It is to be noted that,
if the low-order digit in section 2 of the instruction
register (FIG. 57) is a “3,” as indicated by line L3 being
TRUE, indicating an automatic-resume-program opera-
tion, neither of the decimal-point lamps is illuminated,
but, instead, the state of flipflop 6118 is reversed at
TIME-3 even though the resume-program-bar was not
manually depressed. However, after the state of line
WOA is rendered TRUE, upper motor bar solenoid MB¢
is energized if the high-order digit in section 2 of the in-
struction register is either a “0” or a “1”(see also FIG.
38); middle motor bar solencid MBI is energized if the
high-order digit in section 2 is either a “2” or a “3”; and
lower motor bar solenoid MB2 is energized if the high-
order digit is either a “4” or a “5.” It is to be appreciated,
however, that the selected motor bar solenoid is energized
when line WOA is rendered TRUE, regardless of whether
the high-order digit in section 2 of the instruction register
is any one of the digits “0” through “5.”

After the selected one of the upper, middle, or lower
motor bars is antomatically actuated, a cycle of opera-
tion of the accounting machine is thus initiated thereby.
With reference to FIG. 72, when a machine cycle is
initiated, the movable arm of switch 540 is deflected to
the left, as viewed, so that line (NT)’ is rendered TRUE
thereby, line NT, of course, being rendered FALSE.
However, if for some reason a machine cycle is not
initiated when a selected one of the motor bars is en-
ergized, line NT remains TRUE. With reference now
to FIG. 81, when the state of flipflop 6118 is reversed,
so that line (WOA)’ is rendered FALSE, the state of flip-
flop 6120 is reversed, so that line (RF)‘ is rendered
FALSE thereby. Approximately 250 milliseconds later,
however, the state of flipflop 6120 reverts back to its
initial condition, so that line (RF)’ is rendered TRUE
thereby. Therefore, if it is assumed that a machine cycle
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was not initiated when line WOA was initially rendered
TRUE, as evidenced by line NT remaining TRUE, the
state of flipflop 6118 is reversed at the following TIME-1
by line AN after line (RF)’ is rendered TRUE, thereby
de-energizing the previously-energized motor bar solenoid.
However, at the following TIME-3 after the motor bar
is physically restored to its normal undeflected position,
so that line GO is again rendered TRUE, the state of
flipflop 6118 is again reversed, so that line WOA is
again rendered TRUE, thereby re-energizing the pre-
selected motor bar solenoid. If a machine cycle is still
not initiated when line WOA is rendered TRUE for
the second time, the above sequence of events is continual-
1y repeated until a machine cycle is finally initiated.

As previously described with respect to FIGS. 7 and
51g, photocell 160 is utilized in conjunction with auxiliary
timing rack 151 and light source 164 to provide an elec-
trical impulse each time the auxiliary rack, and hence
the amount racks, are translated from one digital posi-
tion to another while traveling in a “sefting” direction to-
ward the rear of the machine. With additional reference
to FIG. 72, each time a slot on timing rack 151 passes
between light source 164 and photocell 160, the state
of the prime input to flipflop 6071 is reversed from
TRUE to FALSE; consequently, the state of flipfiop 6071
is reversed, so that line PT is rendered TRUE and line
(PT)’ is simultaneously rendered FALSE. However,
when the tooth portion of timing rack 151 passes be-
tween light source 164 and photocell 160, the state of
flipflop 6071 is again reversed, so that line PT is thereby
rendered FALSE and line (PT)’ is simultaneously
rendered TRUE. As output lines PT and (PT)’ of flip-
fiop 6071 are logically connected as input lines to the
reference and prime inputs, respectively, of flipflop 6072,
the state of flipflop 6072 is reversed, so that output line
PCT is rendered TRUE at times corresponding to each
digital position of the timing rack, and is rendered
FALSE during each period of time the timing rack is
being translated from one digital position to another.

With reference back to FIG. 89B, each time line PCT
experiences a TRUE-to-FALSE reversal of state, line
AF likewise experiences a TRUE-to-FALSE reversal of
state. As a result, the F-counter (FIG. 72) is incre-
mented by a count of “1” each time the timing rack is
translated from one digital position to another. As shown
in FIG. 89A, upper motor bar solenoid MBg, if initially
energized, 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
“1”; middle motor bar solenoid MBI, if initially ener-
gized, 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 solenoid MB2, if initially ener-
gized, 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 “5.”

It is evident, therefore, that either a touch operation or
a hold operation of a particular motor bar is obtained
simply by maintaining the corresponding motor bar sole-
noid energized for a predetermined period of time. How-
ever, when line WOA is subsequently rendered FALSE,
any previously-energized motor bar solenoid is de-ener-
gized thereby. When the F-counter reaches a count of
“8,” as indicated by line F8 being TRUE, order-hook
solenoid OH1 (see also FIG. 35) is energized if the low-
order digit in section 2 of the instruction register is a
“1,” whereas order-hook solenoid OH2 is energized if the
low-order digit in section 2 is a “2.” As previously de-
scribed with respect to FIG. 35, when order-hook solenoid
OH1 is energized, all order-hooks from the third to and
including the eighth one are unlatched from their respec-
tive type sectors. However, when order-hook solenoid
OH2 is energized, all order-hocks from the third to and
including the eleventh one are unlatched from their re-
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spective type sectors. Also, as previously described, the
eighth and the eleventh ones of type sectors 67 (FIG. 34)
respectively print the sixth and ninth order degits of the
amount indexed in the accounting machine keyboard, with
each digit being followed by a comma.

When the timing rack leaves digital position #8, the
state of F-counter line F8 (FIG. 89A) is rendered FALSE
and thereby causes a reversal of state of flipflop 6089,
which, in turn renders line KEY FALSE. Due to the
fact that timing rack 151 is provided with only eight slots,
as shown in FIG. 8, additional means are utilized to in-
crement the F-counter from a count of “8” to a count of
“9” when the timing rack has essentially reached digital
position #9. As previously described with respect to
FIGS. 3A and 41, when aligner bar 72 is brought into
engagement with the notches formed on the lowermost
end of arm 58 to precisely align all of the type sectors 67
in their differentially-set positions just prior to the print-
ing operation, the contacts of switch 350 are closed as a
result of clockwise rotational movement of follower arm
519. Consequently, with reference back to FIG. 72, when
the timing rack Is translated to its #9 digital position, so
that the printing-aligner bar is brought into engagement
with the type sectors, a closure of the contacts of switch
550 causes a subsequent reversal of state of flipflop 6071,
which, in turn, causes the F-counter to be incremented
from a count of “8” to a count of “9” in essentially the
same manner as just described.

With reference back to FIG. 89A, when the F-counter
is advanced from a count of “8,” as indicated by line F8
being rendered FALSE, any previously-energized order-
hcok solencid is de-energized thereby. At TIME-1 after
the F-counter has been incremented to a count of “9,” the
state of flipflop 6118 is again reversed, so that line WOA
is rendered FALSE thereby. When line WOA is thus
rendered FALSE, any previously-energized motor bar
solenoid is de-energized thereby. With reference now to
FIG. 89B, also when line WOA is thus rendered FALSE,
the state of flipflop 6080 is reversed, so that line CA is
rendered TRUE thereby. As a result of line CA thus
being rendered TRUE, a “CA” word-cycle is initiated and
thereafter execuied, whereby the word collectively indi-
cated by the conditions of the rack-readout switches is
read out and stored in address-A in the following manner,
the word indicated by the rack-readout switches being
identical to the mount just entered into the accounting ma-
chine keyboard, as previously described with respect to
FIGS. 3B, SA, and 5B.

As diagrammatically illustrated in FIG. 67B, digit-
counter output lines D¢ through D9 are individually con-
nected to a different one of conductors 119 disposed on
printed circuit board 116. Thus, suppose that the first-
order amount rack is differentially set in digital position
#5 corresponding to depression of amount key #5 in the
low-order amount row of the machine keyboard; i.e., the
first-order digit of the amount indexed in the keyboard is
a “5.” Consequently, when a machine cycle is subse-
quently initiated, so that the first-order amount rack is
stopped in the #5 digital position, line D¢ is electrically
connected to line I2¢e¢ by way of printed circuit con-
ductors 118 and 119 due to the action of wiper blades
113-114, as previously described with respect to FIGS.
3A, 5A, and 5B. Thus it is evident that, when the digit-
counter (FIG. 63) is at a count of “0,” so that line D¢
is TRUE, and the bit-counter (FIG. 62) is simultaneously
at a count of “a,” so that line Ba is true, the state of out-
put line RSS is TRUE, indicating that the low-order bit
of the first-order digit is a binary “1.” When the bit-
counter advances to a count of “b,” line RSS is rendered
FALSE, thus indicating that bit “b” is a binary “0”; when
the bit-counter advances to a count of “c,” line RSS is
rendered TRUE, thus indicating that bit “c” is a binary
“17; and, when the bit-counter advances to a count of
“d,” line RSS is rendered FALSE, thus indicating that bit
“d" of the first-order digit is a binary “0.” Therefore,
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as bits “a” and “c¢” of the digit each have a value of binary
“1,” and as bits “b” and “d” each have a value of binary
“0,” the differentially-set position of the first-order amount
rack corresponds to binary 0¢101-—i.e., decimal “5"—
which, in turn, corresponds to the assumed value of the
first-order digit of the amount indexed in the accounting
machine keyboard.

Therefore, it is evident that the bit and digit counters
effectively operate together as a serializer which, in a
sense, “scans” the differentially-set positions of the ten
amount racks, starting with the first-order amount rack
and ending with the tenth-order amount rack, and essen-
tially generates a train of impulses via line RSS, which
impulse train corresponds to the value of the amount en-
tered into the accounting machine keyboard, the first
impulse, or lack of an impulse, corresponding to the
binary value of bit “¢” of the first-order digit, and the
last impulse, or lack of an impulse, corresponding to the
binary value of bit “d” of the tenth-order digit of the
amount.

With reference back to FIG. 89B, lines RSS, CA, and
EKW are each connected as an input to logical AND
1137. Conseguently, as a result of line CA being ren-
dered TRUE, a “CA(2)” word-cycle is executed, whereby
the amount indexed in the accounting machine keyboard
is sequentially stored in address-A via line MXW in es-
sentially the same manner as previously described with
respect to FIGS. 60, 52A, and 52B. After the word
is stored in address-A, line AN is rendered FALSE, and,
consequently, the state of flipflop 6380 is reversed, so
that line CA is rendered FALSE, thus terminating the
“CA” word-cycle operation.

As previously described with respect to FIGS. 2 and
44A, when reverse key “REV” is manually depressed,
indicating that the amount just indexed in the keyboard
of the accounting machine is a negative number, the mov-
able arm of switch 572 is actuated thereby. With ref-
crence to FIG. 74, when the reverse key is depressed, the
movable arm of switch 572 is deflected upwardly from
the position shown, so that the state of line REV is
rendered TRUE thereby., Therefore, as depression of the
reverse key signifies that the algebraic sign of the word
just stored in address-A is negative, and, as a negative
word is stored in memory as its complement, the word
just stored in address-A must be complemented before
being stored in the selected address in memory. Thus,
with reference to FIG. 89B, when line CA js thus rendered
FALSE at the end of the previously-initiated “CA(2)”
word-cycle, the state of flipflop 6083 is reversed, so that
line CPA is rendered TRUE thereby. When line CPA
is thus rendered TRUE, a “CPA” subcommand is there-
after executed, whereby the word in address-A is com-
plemental and its complement is stored back in address-A
in exactly the same manner as previously described.

When the previously-initiated “CPA” subcommand is
terminated, so that line CPA is rendered FALSE, the
state of flipflop 6077 is reversed, so that line AM is there-
by rendered TRUE. When line AM is rendered TRUE,
line TS3 is likewise rendered TRUE. Therefore, in re-
sponse to lines AM and TS3 simultaneously being ren-
dered TRUE, an “AM” word-cycle is thereafter executed,
whereby the word stored in address-A is stored in the
selected address in memory as specified by the contents
of section 3 of the instruction register. 1t is to be noted
that, had the reverse key not been depressed, the word in
address-A is immediately stored in memory without being
complemented when line CA is rendered FALSE. This
is due to the fact that the state of flipflop 6077 is reversed
when line CA is rendered FALSE, because line (REV)’
is TRUE, in this instance, indicative of non-depression
of the reverse key.

After the word in address-A is stored in the selected
address in memory specified by section 3 of the instruc-
tion register, the state of flipflop 6677 is reversed when
line AN is rendered FALSE, indicating that the previcus-
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ly-initiated “AM” word-cycle is completed; consequently,
the states of lines AM and TS3 are both rendered FALSE.
As previously described with respect to FIG. 59, if the
contents of sections 3 and 4 of the instruction register
are of equal magnitude, indicating that there are no other
words to be indexed into the accounting machine key-
board, line 134 is rendered FALSE, and line (I34)’ is
simuitaneously rendered TRUE. However, if sections 3
and 4 are of unequal magnitude, indicating that there
are additional words to be indexed into the keyboard,
linre 134 is rendered TRUE, and line (I34)’ is simul-
taneously rendered FALSE.

Thus, with reference back to FIG. 89B, if there are
no other words to be indexed into the keyboard, the state
of flipflop 6107 is reversed when line AM is rendered
FALSE and line STD is rcndered TRUE thereby. When
line STD is thus rendered TRUE, line TS5 is likewise
rendered TRUE. In response to lines STD and TSS be-
ing rendered TRUE, a “STD” subinstruction is executed,
whereby the contents of section 5 of the instruction reg-
ister is stored in the word-selecting register.

However, if there are additional words to be indexed
into the accounting machine keyboard, line IN4 is ren-
dered FALSE when line AN is rendered FALSE, and,
as a result, section 3 of the instruction register (FIG. 58)
is incremented by a count of “1” in the same manner as
previously described. If, before being incremented, the
contents of section 3 of the instruction register is not
equal to the contents of section 4 thereof, the state of
flipflop 6¢89 (FIG. 89A) is reversed when line AM is
rendered FALSE at the end of the previously-initiated
“AM” word-cylcle. As a result, line KEY is again ren-
dered TRUE, and the F-counter (FIG. 72) is again
preset to “0” via line PF¢. Prior to a subsequently-initi-
ated machine cycle when line GO is rendered TRUE,
enter-keyboard-words lamp EK is illuminated, thus pro-
viding a visual indication that another amount is to be
indexed in the keyboard; thereafter, the just-described
sequence of events is again repeated.

It is to be noted that, even though line STD is rendered
TRUE upon termination of the EKW subprogram, sec-
tion 3 of the instruction register is incremented via line
IN4 when line AM is rendered FALSE, regardless of
the result of the comparison between the contents of
sections 3 and 4 of the instruction register. Tt is also to
be noted that, if it is desired that a plurality of words
be stored in sequentially-numbered addresses in memory
during the exccution of a single EKW subprogram, the
same motor bar, decimal-point lamp, and order-hook sole-
noid are utilized for each word entered. However, if a
different motor bar, decimal-point lamp, or order-hook
solenoid is desired to be utilized, a second EKW subpro-
gram is initiated by a second EKW instruction word
which specifies the desired combination thereof.

71. Detailed Description of POW Instructions

The next subprogram to be described in detail is con-
cerned with the execution of a single POW instruction
which effects the sequential printing-out of from one to
one hundred words which were previously stored in
sequentially numbered addresses in memory. Like the
just-described EKW instruction, a POW instruction may
also be considered as comprising four distinct phases or
groups of subinstructions.

During the first phase, the computer, in a sense, ascer-
tains whether or not depression of a motor bar is capa-
ble of initiating a cycle of operation of the accounting
machine. As previously described, prior to the machine
cycle, each of the ten amount racks is physically located
at “home” position, which position corresponds to a digi-
tal value of “0.” Thus, the selected word in niemory is
read out and examined digit by digit, starting with the
low-order digit thereof, to determine those digits of the
word having a value of “0.” Simultanecusly therewith,
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the rack-stopping solenoids corresponding to the digital
positions of those digits of the word having a value of
“0” are energized to prevent any movement of the asso-
ciated amount racks when a machine cycle is subsequently
initiated. Thereafter, the state of a particular sign mem-
ory flipflop is selectively conditioned to correspond to the
algebraic sign of the word to be printed out. If the
algebraic sign of the word to be printed out is negative,
credit balance key CR. BAL. (FIG. 2) is effectively
depressed via selective energization of credit balance sole-
noid CBS, as previously described with respect to FIG.
37 and also as shown in FIG. 81.

When a machine cycle is subsequently initiated in
order to carry out the first half of a credit balance oper-
ation, the word read out from memory is subtracted from
the contents of the “X” totalizer, which normally stores
a word of all zeros. When the second machine cycle is
subsequently initiated in order to carry out the final half
of a credit balance operation, a total operation is taken
with respect to the “X” totalizer, so that the complement
of the word just read out from memory is printed in
red, with a “CR” symbol to the right thereof.

Due to the fact that the differentially-set positions of
the ten amount racks are determined solely by the com-
puter during the execution of a POW instruction, rather
than by a totalizer or by depressed keys on the account-
ing machine keyboard, it is therefore necessary to auto-
matically release the amount racks and all previously
depressed amount keys when a total operation is called
for during the execution of a POW instruction. Thus, in
order to permit the automatic release of the amount racks
and the keys prior to the initiation of a total-taking oper-
ation, rack release solenoid RRS (FIGS. 39 and 81) is
selectively energized.

During the secend phase of the subprogram, the par-
ticular motor bar operation specified by the value of the
low-order digit in section 2 of the instruction is executed
in order to initiate the required machine cycle.

The third phase of the POW instruction begins when
the machine starts to cycle, so that the timing rack and
all non-stopped amount racks simultaneously begin their
travel in a “setting” direction toward the rear of the ma-
chine, those amount racks corresponding to the digital
positions of the digits of the word having a value of “0”
remaining in home position. Each time the timing rack
is translated from a position indicative of one digital
value to a position indicative of the next higher succes-
sively higher-order digital value after leaving home posi-
tion, each of the digits of the word is essentially “ex
amined” to determine whether its digital value corre-
sponds to the digital value represented by the instanta-
neous position of the amount racks. If such correspond-
ence exists, all corresponding digital-order rack-stopping
solenoids are simultaneously energized and thereby arrest
further movement of all corersponding amount racks.
After all of the amount racks have been differentially
positioned to correspond to the word just read out from
memory, a normal printing operation takes place.

During the final phase of 2 POW instruction, the con-
tents of sections 3 and 4 of the instruction register are
compared for equality to determine whether or not there
are additional words to be printed out from memory.
If there are additional words to be printed out, section 3
of the instruction register is incremented, and the entire
sequence of events, just described, is again repeated.
Otherwise, the instruction is concluded by effecting the
copying into the word-selecting register the address of
the next instruction word, which is located in section §
of the instruction register.

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

Step Subinstrue- Description
tions

1 P MI-0-2. ... Copy Into the Instruction register the next
instruetion word stored in memory at the
address specified by the contents of the word-
selecting register thereafter, if the number
thus stored in section 1 of the Instruction
register 13 ““01,” earry out the subinstruction
llqted in Smp—Z of the following POW sub-
Progr

2 PF¢-0-3....-. Prseggt %he F-counter to “0”; thereafter, go to

D~

| S GO-0-4._7_...] Go to Step—4 in the subprogram whenever de-
pre?vion of a motor bar will initiate a machine

[ S— AD-0-5.. .. Inéut-ement the digit-counter; thereafter, go to

ep-

| S MI-3-6__. ... Copy Into the “J” digit-repister the digit cor-
responding to the count in the digit counter
of the word stored In memory at the address
Indicated by section 3 of the lnstruction
register; thereafter, go to Step-6

i T IRT-27-7. - If tha dlgit {n the F-counter is equal to the digit
in the “J* digit-register, go to Step-7; other-
wise, go to Btep-27.

A D¢-9-8 e Go to Step-8 if the d’(vxb-cotmter isat a count of
“0"; otherwise, go to Step-9.

| SR RA¢-0-27 ... Enolgize the first-order rack-stopping solenoid;
thereafter, go to Step-27.

[ . D1-11-10...... Go to Sten-lo if the digit-counter is at a count
of “1" otherwlse go to Step-11,

10.___. RA1-0-27_____! Energize the second-order rack-stopping sole-
noid; thereafter, go to Step-

) 3 DU D2-13-12_..___ Go to Smp 12 if the digit—counter is at a count
of ““2”"; otherwise, go to Step-13,

2. RA2-0-27.___. Energize the third-order rack-stopplng sole-
noid; thereafter, go to Step-27.

13..._. D3-15-14.._... I the dlgit-counter is at a count of “3,” go to
Step-14; otherwise, go to Step-15.

4. ... RA3-0-27_....| Energize the fourth-order rack-stopping sole-
noid; thereafter, go to Step-27.

5. ... D4-17-16. .- If the dxglt—counter is at a count of “4,” go to
Step-18; otherwise, go to Step-17.

... RA4-0-27_....| Energize the fifth-order rack-stopping solenoid;
themfter go to Step-27.

) ¥ SR D5-19-18...... If the dlgit-counter is at a count of *“5,” go to
Step~18; otherwise, go to Step-19,

18 ... RAG-0-27_..._ Energize the sixth-order rack- stopping solenold;
thereafter, to go Step-27.

19 D6-21-20. ... If the divxt—counter is at & count of *6,” go to
Step-20; otherwise, go to Step-21.

20 ... RAG-0-27..... Energize the seventh-order rack-stopping
solenoid; thereafter, go to Ste

b2 G- D7-23-22.._._. If the diglt-counter isata count of “7 " go to
Step-22; otherwise, go to Step-23.

22 . RA7-0-27.....| Energize the eighth-order rack-stopping sole-
noid; thereafter, go to Step-27.

22 .. Dg-25-24. .. If the dxgit-counter is at & count o' “8,”" go to
Step-24; otherwise, go to Btep-

24 ___. RA80-27.....| Energize the ninth-order rack-stopping sole-
noid; thereafter, go to Step-27.

2B ... Do-(-26___..__ If the diglfrcounter is at a count of “9,” go to
Step-26; otherwise go to Step-27.

26. ..-- RAQ-0-27._.._| Energize the tenth-order rack—stopplng sole-
noid; thereafter, go to Step-27.

27 e D94-28_ ... If the digib—counter isat a count of “9,” to go
Step-28; otherwise, go to Step-4

28 ... OBM (4)-0-26_| Condition the state of line OBM to correspond
to the sign of the word just read out from
memory; thereafter, go to Step-29.

29 OBM(2)-30-31.{ If the state of line OBM is TRUE, go to Step-
31; otherwise, go to Step-30.

30 CBS-0-31. ... Energim the credit balance solencid; there-
after, go to Step-31.

... RRS-0-32_...| Energize the rack-release solenoid; thereafter,
go to Step-32,

32 H¢-34-33......] Ifthe high-order digit in section 2 of the instrue-
tion register is “'0," go to Step-33; otherwise,
go to Step-34.

33...-- MB¢(1)-0-44..| Depress the upper motor bar for & touch opera-
tion; thereafier, go to Step—44.

34 H1-36-36_..__. If the high-order digit in section 2 of the instruc-
tion reeister is a “'1,”” go to Step-35; otherwise,
go to Step-36.

35 MB¢(2)-0-44..] Depress the upper motor bar for a hold opera-
tion; thereafter, go to Btep—44.

86 H2-38-37...-- 1f the high-order dlglt in section 2 of the instruc-
tio[g re| txgtegl is & ¢2,” go to Step-37; otherwise,
go to -

b SR MB1(1)-0-44._1 Depress the middle motor bar for a touch opera-
tion; thereafter, go to Step-

38 .- H3-40-39. ... If the high order digit in section 2 ‘of the Instruc-
tion register isa “3,”” go to Step-39; otherwise,
go to Step—40.

39. .. MB1(2)-0-44__| Depress the mjddle motor bar for a hold opera-
tion; thereafter, go to Step—44.

40 ... H4-42-41..___. Ifthe high-order dlg’it in section 2 of the instrue-
tion regtster isa “'4,” go to Step—4l; otherwise

go to Step—42,

41..... MB2(1)-0-44.. Depress the lower motor bar for a touch opera-
tion; thereafter, go to Step—44.

H5-043.........| Itthe higheorder digttin section 2 of the Instrue-

MB2(2)-0-44. .

tion register is a “5,” go to Ste;
Depress the lower motor bar for & hald opera-
tion; thereafter, go to Step-44.
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Step Subinstruec- Description
tions

44_____ L1-46-45 . .. If the low-order digit in section 2 of the fnstruc-
tion register isa ““1,” go to Step—45; otherwise,
go to Step—46.

45 ... OHI1-0-48._.__} When printing oceurs, place a comma between
rows #5 and #6; if there is no significant digit
in rows #3 through #10, print a zero preceding
the comma; thereafter, go to Step-48.

46.. ... 1.2-48-47__._._1 If the low-order digit In section 2 of the instruc-
tion register isa “2,” go to Step—~47; otherwise,
2o to Step—48.

47 .. OH2-0-48_ ... When printing occurs, place 2 comma between

rows #3 and #9; if there is no significant digit
in rows #9, or #10, print a zero preceding the
comma,; thereafter, go to Step-48,

48 .. PCT-0-49.....| When the amount racks are traveling in a
“setting’” direction, go to Step-49 each time
the timing rack changes digital position, and
also upon engagement of the printing-lincr.

49._... AF0-50....... Iné‘gem%nt the F-counter; thereafter, go to
-
1) S Fo-61-75.._...| I the F-counter 1s at a count of “'9,” go to
Step-75; otherwise, go to Step~51,
Bl..._. AD(M)-0-52___ Inscgemont the digit- Lounter, thereafter go to
ep- 52,
B2.._.. MJI-3-53_..... Copy into the “J" digit-register the digit cor-

responding to the count in the digit counter of
the word stored in memory at the address
specified by section 3 of the Instruction regis-
ter; thereafter, go 1o Step-63.

53. .. IFJ-T4-54..... If the digit in the F-counter is equal to the
digit in the “J» digit-register, go to Step-&4;
otherwise, go to to Step-74,

54 ... D¢-56-55. ... If the (hgit‘counnr is at a count of “0,” go to
Step-55; otherwise, go to Step-56.

i1 J— RA¢-D-74..__. Energize the first-order rack- stopping solenold;
thereafter, go to Step-74.

56__ . D1-58-57._.___ If the digit-counter is at a count of “1,” go to
Step-57; otharwise, po to Step-58.

57 ... RA1-0-74_.___ Energize ‘the second-order rack-stopping gole-
noid; thereafier, go to Step-74

3 S D2-60-59_..... If the dlgxt counter is at a count of “2,” go to
Step-59; otherwise, go to Step~60.

59 .. RA2-0-74.....! Energize the third-order rack-stopping sole-
noid; thereafter, go to Step-74.

1) J— D3-62-61..__.. If the digit- counter 1s at & count of “3,” go to
Step-61; otherwise, go to Step—62.

6l ... RA3-0-74.....] Energlze 'the fourth-order rack—stopping sole-
noid; thereafter, go to Step-74

62..... D4-64-63. .- If the diglt-cou.nter is at a count of '“4,” go to
Btep-63; otherwise, go to Step-64.

63_._.. RA4-0-74.._..| Energize the fifth-order rack- -stopping solenoid;
thereafter, go to Step-74.

64, D5-66-65.-- .- If the digit-counter is at a count of “5,” go to
Step-65; otherwise, go to Step-66.

i} — RA5-0-74.....| Energize the sixth-order rack-stopping sole-
noid; thereafter, go to Step-74.

66 D6-68-67......1 If the dlgit counter s at & count of “g,"" go to
Step-67; otherwise, go to Step~68.

67.....] RA6-0-74.._._| Energize the seventh-order rack stopping sole-
noid; thereafter, go to Step-74.

12 J— D7-70-69 ... If the dign;-couuter is at a count of “7,” go to
Step-69; ctherwise, go to Step-70. 4

69 . RAT0-74._.._| Energize the eighth-order rack—stopping sole-
noid; thereafter, go to Step-74

70..--- D8-72-71._.... If the diglt, counter Is at s count of “8," go to
Step-71; otherwise, go to Step-72.

[ T RAB0-74._... Energize the ninth-order rack-stopplng sole-
noid; thereafter, go to Step-74.

[ J— DO-0-73. ... I the digit counter is at a count of “'9,”” go to
Step~73; otherwise, go to Step-74.

bk T RAS-0-74._...! Energize the tenth-order rack-stopping sole-
noid; thereafter, go to Step-74.

£ T— Dg-51-48.._... If the digit-counter is at & count of “9,” go to
Step—48; otherwise, go to Step-51.

75.een CA(2)-0-76...| Copy into address-A the word collectively

indleated by the condition of the rack read-
out switches; thereafter, go to Step-76.

[ P— RS8B-3-77..... Subtract the word located in memory at the
address specified by section 3 of the instruc-
tlon register from the word In address-A and
store the remainder in address-A; thereafter,

g0 to Step-77.
ki — OBN(1)-80-78.| If the state of line OBN is TRUE, go to Step~
78; otherwise, go to Step-80.
78en RPB-0-79_.... UpDI'l: dsepression of the resuine-program bar,
0 to
[ T— OBN@®)-0-2... Preset line OBN to a FALSE state; thereafter,
go to Step-2.
80, ... I34-81-83_...._ If the addresses in memory specified by sections

3 and 4 of the instruction register are equal,
go to Btep-83; otherwise, go to Step-81.

Bl.....| IN4-0-82...... Increment section 3 of Lhe instruction register;
thereafter, go to Step-
82....- OBM(3)~0-2..| Preset lisne 'OBM toa IALSE state; thereafter,
go to Step-2.
83..ene STD-5-*_..... Copy the contents of section § of the instruction

register into the word-selecting register.

Upon completion of the execution of the previously ini-
tiated “MI” word-cycle, during which time the next in-
struction word is read out from memory and stored in the
instruction register, if the two-decimal-digit number
stored in section 1 thereof corresponds to the code des-

Wt

j—

ol

it

160

ignation for a POW instruction—i.e., “01”—the state of
line POW is rendered TRUE in a manner previously
described with respect to FIG. 56, and, consequently, a
“print-out-words™ instruction is thereafter executed in the
following manner:

With reference to FIGS. 90A through 90C, there is
logically illustrated therein a composite circuit diagram
of particular portions of the computer circuitry utilized
in executing a POW instruction. As shown in FIG,
90A, at TIME-1 after the initiation of a “MI” word-
cycle, the states of flipflops 6095 and 6096 are simulta-
neously reversed, if not already in reversal states, so that
lines (OBM)" and (OBN)’ are respectively rendered
TRUE thereby. As shown in FIG. 90B, the state of line
PF¢ is rendered FALSE upon completion of the previ-
ously-initiated “MI” word-cycle when the state of line
AN is rendered FALSE; consequently, the F-counter
(FIG. 72) is preset to “0.”

It is assumed that, upon initiation of the POW instruc-
tion, able arm 497 (FIG. 38) of the accounting machine
is in the non-deflected position, as shown, and, conse-
quently, the contacts of switch 496 (FIGS. 38 and 82)
are closed, thus indicating that the motor bars are not
disabled; that the carriage of the accounting machine is
not tabulating over a carriage stop as indicated by a
closure of the contacts of switch 510 (FIGS. 43 and 82);
that the machine is in home position, so that the contacts
of switch 528 (FIGS. 41 and 82) are closed; and that
a paper-tape-punching operation is not to be initiated as
indicated by a closure of contacts SC41—3 (FIG. 82)
of switch SC41 (FIG. 13). The just-mentioned condi-
tions having been satisfied, the state of line GO (FIG.
82) is rendered TRUE, indicating that a cycle of opera-
tion of the accounting machine is permited to be initi-
ated.

Thus, with reference back to FIG. 90A, all of the in-
puts to logical AND 1408 are simultaneously TRUE
just prior to the completion of the previously-initiated
“MI” word-cycle. Consequently, when line AN is ren-
dered FALSE upon completion of the previously-initiated
“MI” word-cycle, the state of flipflop 6066 is reversed, so
that line MJ is thereby rendered TRUE. With reference
to FIG. 90B, line TS3 is rendered TRUE at the begin-
ning of the instruction when line POW is rendered
TRUE. Consequently, in response to lines MJ and TS3
being rendered TRUE, a “MJ” word-cycle is thereafter
executed, whereby the word stored in memory at the
address specified by the contents of section 3 of the in-
struction register is read out digit by digit, starting with
the low-order digit thereof, and stored digit by digit in
the “J” digit-register (FIG. 71). At TIME-3 after the
ivitiation of a “MJ” word-cycle, the state of flipflop 6118
{(FIG. 90A) is reversed, so that line WOA is thereby ren-
dered TRUE.

After each of the digits of the word is read out from
memory via a “MJ” word-cycle and sequentially stored
in the “J” digit-register, the contents of the F-counter
and the “J” digit-register are compared for equality in
a manner previously described with respect to FIG. 72.
However, due to the fact that the F-counter is initially
preset to “0,” each digit stored in the “J” digit-register is
essentially examined in order to determine whether its
value is “0,” If the digit stored in the “J” digit-register
has a value of “0” when the “compare for equality” is
made with respect to the contents of the F-counter and
the “J” digit-register, the state of line (IFJ)’ is rendered
TRUE; otherwise, the state of line (IFJ)’ remains
FALSE.

With reference now to FIG. 90C, after the state of
line WOA is rendered TRUE at the beginning of the
“MJ” word-cycle, line EVG experiences 4 TRUE-to-
FALSE reversal of state each time the “J” digit-register
is preset to “0” via a TRUE-t0-FALSE reversal of state
of line PI¢ if the digit presently stored in the “J” digit-
register has a value of “0,” as indicated by a TRUE state
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of line (IF¥)’. Consequently, when the digit-counter
is at a count of “1,” as indicated by a TRUE state of line
01, the state of flipflop 6108 is reversed, so that line
(RAg)’ is rendered FALSE if the value of the first-order
digit of the word just read from memory is zero. When
the digit-counter is subsequently incremented to a count
cf “2,” line (RA1)’ is rendered FALSE by a reversal
of state of flipflop 61689 if the value of the second-order
digit of the word is also zero, and so on, until line
(RAB)’ is rendered FALSE by a reversal of state of flip-
flop 6116 if the value of the ninth-order digit of the
word just read out from memory is zero. If the value
of the tenth-order digit is zero, as indicated by a TRUE
state of line (IFJ)}’, the state of flipflop 6117 is reversed,
and line (RA9)’ is rendered FALSE when line AN is
rendered FALSE, indicating completion of the “MJ”
word-cycle.

It is seen, therefore, that the states of selected ones
of lines {RA¢)’ through (RA9)’, corresponding to the
digital positions of those digits of the word having a
value of zero, are successively rendered FALSE by cor-
responding reversal of states of flipflops 6168 through
6117, respectively. Thus, after the digit-counter reaches
a count of “9,” as indicated by a FALSE state of line
(D9)’, the outputs from corresponding ones of logical
ORS 3497 through 3596 are rendered FALSE when line
PCT is subsequently rendered FALSE. Consequently,
those ones of rack-stopping solenoids RAgL through
RASL corresponding to those digital positions of the
digits of the word having a value of zero are simulta-
neously energized and thereafter prevent, in a manner
previcusly described, any movement of the associated
amount racks when a machine cycle is subsequently
initiated. In other words, after the first “MJ” word-cycle
is terminated, all amount racks correspending to the
digital positions of those digits of the word having a
vaiue of zero are locked in home position prior to the
initiation of a machine cycle.

As previously stated with respect to FIG. 34, in initiat-

ing an addition or a subtraction cycle of operation of “

the accounting machine, depression of the amount keys
causes zero stop pawls 46 to be rocked counter-clockwise
and thereby release amount racks 49 for rearward move-
ment when a machine cycle is subsequently initiated.
In a total-taking operaticn, however, no amount keys
are depressed. Thus, additional means are utilized in a
manner previously described with respect to FIGS. 39
and 40, whereby the zero stop pawls are rocked counter-
clockwise, and, additionally, all accidentally-depressed
amount keys are released at the beginning of the machine
cycle. Consequently, with reference to FIG. 90B, rack-
release solenoid RRS is energized when the state of line
WOA is rendered TRUE, and thereby allows the just-
mentioned additional means to function in the manner
previously described.

With reference to IIG. 90A, if the high-order digit of
the word just read out from memory and stored in the “J”
digit-register is a “9,” indicating the complement of a neg-
ative number, the state of line (I3} is rendered FALSE.
Thus, at TIME-3 during the last bit time period of the
“MI” word-cycle, when the state of line EG is reversed
from TRUE to FALSE, the state of flip flop 6395 remains
unchanged, so that line (OBM)” remains TRUE., How-
ever, if the algebraic sign of the word just read out from
memory is positive, so that line (J5)’ is TRUE, the siate
of line (OBM)’ is rendered FALSE at TIME-3 by a
change of statc of flipflop 6425, Consequently, line
(CBM)’, in the later instunce, docs not remain TRUE
for a time period sufficient to allow credit balance solenoid
CBS (FIG. 90B) to be responsive thereto. However, if
the algebraic sion of the word just read out from memory
is negative, so that line (OBM)’, remains TRUE, credit
balance solenoid CBS is energized for a time pericd sef-
fictent for normal operation thereof.

As previously described with respect to FIG. 37, as a
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result of credit balance solenoid CBS being energized,
the amount collectively indicated by the differcntially-set
positions of the amount racks is subtracted, during the first
machine cycle, from the “X” totalizer, which normally
stores a word of all zeros. During the second machine
cvile, a total operation is executed with respect to the
“X” totalizer, so that the complement of the word just
rezd out from memory is printed in red, with a “CR”
symbol disposed to the right thercof.

As shown in FIG. 90B, when line WOA is rendercd
TRUE =t the beginning of the “MJ” word-cycle, upper
motor bar solenoid MB¢ is energized if the high-order
digit in section 2 of the instruction register is a “0”
or a “1”; middle motor bar sclenoid MB1 is energized
if the high-order digit in section 2 is either a “2” or a “3”;
and lower motor bar solenoid MB2 is energized if the
high-order digit is either a “4” or a “5”. However, ap-
proximately 130 milliseconds after the preselected motor
bar is antomatically depressed via energization of the cor-
responding motor bar solenoid, all amount racks not
locked in home pocition are simultancously transluted in
a seiting direction toward the rear of the machine.

As previously described with respect to FIG. 72 and
with respect to the mode of operation of an EKW sub-
program, the state of output line PCT is rendered TRUE
at each translational position of the timing rack corre-
sponding to a digital value and is rendered FALSE during
the time the timing rack is being translated from one
position to a successively higher-order digital value posi-
tion. Therefore, with reference back to FIG. S0A, when
the timing and amount racks first begin their translational
movement toward the rear of the machine, the state of
line (PCT)’ is reversed from TRUE to FALSE, and, as
a result, the state of flipflop 6888 is reversed, so that line
JHR is thereby rendered TRUE. At the following TIME-
1, the state of flip-tiop 6088 is again reversed, and line
JHR is thereby rendered FALSE. Asshown in FIG. 50B,
each time line THR experiences a TRUE-to-FALSE rever-
sal of stale, the state line AF likewise experiences a
TRUEB-t0-FALSE reversal of state. Thus, the F-counter
(FiG. 72) is incremented by a count of “1” each time the
racks are simultaneously translated frem one position to
a successively higher-order digital valued position.

With reference to F1G. SUA, each time the state of line
JHR reverses from TRUE to FALSE, the state of flipflop
6266 is reversed, so that line MJ is thereby rendercd
TRUE; consequently, a “MI” wcrd-cycle is thereby ini-
tiated at the following TIME—-1 after each time line PCT
is rendered TRUE while the racks are traveling in a set-
ting direction. As just described, during the execution of
a “MJ” werd-cycle, all of the digits of the word stored
in memery at the address specified by the contents of sec-
ticn 3 of the instruction register are seqguentially read out,
stored in the “J” digit-register, and compared with the
digital count of the F-counter.

Thus, during the time the amount racks are being si-
multancously translated freom home position to their #
digital positions, the state of line JHR is reversed from
TRUE to FALSE, the F-counter is advanced to a count
of “1,” and simultancously therewith, a “MJ” word-cycle
is initiated. Consequently, each digit of the word recad
out from memory is effectively examined to determine
whether its value is “1.” Thereafter, those ones of rack-
stopping solencids RAgL through RA2L (FIG. 4) corre-
spending to the digital positions of those digits of the
word having a value of “1” are simultaneously energized
to arrest movement of and thus differentially position the
corresponding amount racks at the #1 digital valued posi-
tions thereof in the same manner as just described.

The above sequence of events is sequentially repeated
entif 2l of the ten amount racks are differcntially set
at those digital valued positions collectively representa-
tive of the word just read from memory. It is to be

[Ty

noted, however, that a “MI” word-cyele is also initiated

5 when the F-counter reaches a count of “9” even though
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ali amount racks net previously stopped are automatically
stopped at their high-order digital valued positions.  How-
ever, with reference to FIG, 908, when the F-counter
reaches a count of “8,” as indicated by a TRUE state of
line T8, order-hook solenoid Ol is energized if the low-
order digit in section 2 of the instruction register is a “1,”
whercas order-hook solenoid GH?Z is energized if the low-
crder digit in section 2 is a “2.”  As previously described
with respect to the EKW subprogram, when order-hook
solenoid OH1 is energized, all order-hooks from the third
to and including the cighth ones are unlatched {rom their
respective type sectors. However, when order-hook sole-
noid OHZ is energized, all order-hooks from the third to
and including the eleventh ores arc unlatched from their
respective type sectors. As previously described with re-
spect to FIGS, 3A, 41, and 72, when printing aligner bars
72 engage the proper tooth of corresponding ones of the
members 58 in order to precisely align each of the type
sectors §7 prior to a printing operation, the contacts of
switch 559 are closed, so that the state of flipflops 6071
and 6872 are reversed, so that line (PCT)’ is rendered
FALSE thereby.

As a result of line (PCT)’ thus being rendered
FALSE, the state of flipflop 6688 (FIG. 90A) is again
reversed, so that line JHR is again rendered TRUE. Thus,
at the following TIME-1 when line JHR is rendered
FALSE, line AF (FIG. 90B) experiences a TRUE-tc-
FALSE reversal of state to effect the advancement of
the F-counter from a count of “8” to a count of “9.”
With reference to FIG. 90B, when the F-counter is in-
cremented from a count of “8” to a count of “9,” any
previously-energized order-hook solenoid (CHI—OH2)
is de-cnergized. With reference back to FIG. 90A, when
line AN is rendered FALSE after the F-counter reackes
a count of “9,” the state of flipflop 6118 is reversad, so
that line WOA is thereby rendered FALSE. With ref-
erence now to FIGS. 90B and 90C, as a result of line
WOA thus being rendered FALSE, all previously-ener-
gized motor bar, rack-reiease, credit-balance, and rack-

stopping solenoids are de-energized and thus rendered 4

ineffective.

With reference to FIG, 90A, when the F-counter
reaches a count of “9,” as indicated by line F9 being
rendered TRUE, the state of flipflop 6030 is reversed,
and line CA is thereby rendered TRUE upon completion
of the following “MJ” word-cycle, as indicated by line
MJ being rendered FALSE. In response to line CA thus
being rendered TRUE, a “CA” word-cycle is thercafter
executed, whercby the word collectively indicated by the
differentially-set positions of the amount racks is read
out, in the manner previcusly described with respect to the
EXW subprogram, and thereafter stored in address-A
via line MXW (FIG. 90B). Upon completion of the
previousiy-initiated “CA” word-cycle, as indicated by
line CA being rendered FALSE, the state of flipflop 6160
(FIG. 90A) is reversed, so that line RSB is thereby
rendered TRUE. In response to line RSB thus being
rendered TRUE, a “RSB” subcommand is thereafter
executed, whereby the word initially read out from the
address in memory as specified by the contents of sec-
tion 3 of the instruction register is subtracted digit by
digit from the word just stored in address-A. If cach
digit of the word just read out from memory is equal in
magnitude to the corresponding digit of the word stored
in address-A, line ZNO remains FALSE, and, as a re-
sult, the state of flipflop 682% remains unchanged, so
that line (OBN)’ remains TRUE. However, if a digit
of the word in address-A is not equal to the correspond-
ing digit of the corresponding word in memory, indicat-
ing that the word just printed out does not correspond to
the word just read out frem memory, line ZNO ex-
periences a TRUE-to-FALSE reversal of state, therzby
causing the state of flipflop €096 to be reversed, so that
line (OBN)’ is thercby rendered FALSE, thus indicating
that a printing error has occurred, When the state of
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line (OBN)’ is thus reversed {romt TRUE to FALSE,
the state of fipflop 6107 is not reversed by logical AND
1716 to indicate completion of the “PCW” subprogram,
as is normally the casc.

As previously described with respect to FIG. 59, if
the contents of section 3 of the instruction regisier is
equal to the contents of section 4 thereof, indicating that
there are no other words to be printed out from memory,
the state of line (I134)” is rendered TRUE. Line (134},
however, is rendered FALSE if there are additional words
to be printed out.

Therefore, with reference back to FIG. 90A, if the
word just printed out is equal in magnitude to the word
just read ocut from memory, as indicated by a TRUE
state of ling (OBN)’, and if there are no other words 1o
be printed out, as indicated by a TRUE state of line
(134)°, the state of flipflop 6187 is reversed by the output
of logical AND 1716 when line AN cxperiences a TRUE-
to-FALSE reversal of state upon completicn of the previ-
ously-initiated “RSB” subcommand; conscquently, line
STD is thereby rendered TRUE, thus indicating the end
of the POW subprogram. When lire STD is thus rendered
TRUE, line TS5 (FIG. 90B) is likewise rendered TRUE.
Thus, as previously described with respect to the EKW
subprogram, in response to lires STD and TS5 being
rendered TRUE, a “STD” subinstruction is thereafter
executed, whereby the contents of section 5 of the instruc-
tion register is stored in the word-selecting register.

However, if there are additional words to be printed
out, line IN4 (FIG. 90B) is rendered FALSE when line
AN is rendered FALSE upon completion of the previ-
ously initiated “RSG” subcommand, Consequently, scc-
tion 3 of the instruction register is incremented, and the
same “POW” subprogram is again subsequently executed
in the same manner as just described. It is to be noted,
however, that, even though line STD is rendered TRUE,
indicating the end of the “POW” subpregram, secticn 3
of the instruction register is, nevertheless, incremented
via line IN4 regardless of the result of the comparison
between the contents of sections 3 and 4 of the instruc-
tion register. It is also to be noted that, if a plurality of
words stored in sequentially-numbered addresses in mem-
ory are to be sequentially printed out during the cxecu-
tion of a single “POW” subprogram, the same motor har
and order-hook solenoids are utilized for each word
printed out. However, if a different motor bar or order
hook is desired to be utilized, a second “POW?” instruc-
tion is to be initiated, which specifies the desired combina-
tion thereof.

72. Detailed Description of ROC Instruction

Before describing the mode of operation exccuted by
the computer in carrying out a “record-on-card” sub-
program, a description will first be given with respect o

5 the particular ledger card which is utilized in a novel

manner by the present computer in accordance with the
present invention.

As previously described with respect to FIG. 88A, the
ledger cards utilized by the present compnter are capable
of having recorded thereon historical, current, and fixed
data in both machine-readabie and human-readable lan-
guages and, comsequently, are readily adaptable to be
utilized in the mechanization of record-keeping and ac-
counting systems and procedures. As illustrated in FIG.
dBA, each ledger card is provided with a vertical strip
388 of ferromagnetic mnterial approximately one-hall
thousandth inch thick and approximately one inch wide,
which is coated slong substantinlly the entire left marzin
of its face surface. As further illustrated in FiG. 88B,
the magnetic strip is capable of being effectively divided
inio three magnetically isolated vertical channels, each of
which is adapted to have binary information magneticaliy
recorded therein. As previously described with respect
to the ledger card handling equipment, and as diagram-

1

aliy ilustrated in FIG, 88B, the lefunost channel is
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adapted to have “linefind” information magnetically re-
corded therein, the centrally-disposed channel is adapted
to have synchronizing “clock” information magnetically
recorded therein, and the rightmost channel is adapted
to have data information magnetically recorded therein,
whereby each reproduced lincfind information is in the
form of either a signal impulse or a pair of oppositely-
¢oing impuises, the reproduced position of which is in-
dicative of the position of the next posting line, and
whereby the reproduced clock information is in the form
of a train of equally-spaced impulses of alternating po-
larity and disposed with reference to adjacent ones of
which impulses is located a binary data bit in the data
chanoel.

As will be seen later, due to the fact that the ledger
card is translated at a linear speed of approximately ten
inches per second with respect to the recording and re-
producing portion of the card-handling equipment, and,
as the recording clock frequency is approximately two
hundred cycles per second {square wave), the recording
density is therefore approximately forty binary bits per
inch. As four binary bits are utilized by the present
computer to represent a single decimal digit, the digit
density is equsl to substantizily ten decimal digits per
inch, Thus, a ledger card having a length of approxi-
meately twelve and three quarters inches is capable of
having magnetically recorded on the ferromagnetic strip
thereof approximately one hundred decimal digits and,
additionally, provides sufficient space to have printed on
the face surface thereof approximately fifty-seven type-
sritten lines at six lines per inch.

Before a previously unused ledger card is fed into
the computer, it is desirable that each of the three mag-
netic channels bz magnetically polarized in one direction
only, in order to provide a proper premagnetized back-
ground for subsequently-recorded data thercon. After
each posting operation is completed, and before the ledger
card is ejected from the computer, a linefind discontinuity
or indication is recorded on the magnetic strip at a ver-
tical position indicative of the position of the next posting
line. The linefind indication is obtained simply by re-
versng the direction of magnetization of the linefind chan-
nel at the position corresponding to the next posting line.
Thereafter, the linefind indication is effectively shifted
downwardly by a distance of one posting line after each
posting operation is completed. As will later be seen,
three distinct linefind indications may selectively be re-
corded on the strip, if so desired, in spaced positions with
respect to each other to cffectively divide the face of the
ledzer card inte three printing zones, one disposed above
the other, whereby the next line of posting is effected in
any selected one of the three printing zones.

The method of recording utilized by the present com-
puter in magnetically recording information in each of
the channels of the ferromagnetic strip is the so-called
“two-level non-return” system. That is, the length por-
tion of the strip within a channel either is magnetized in
one direction—i.e., north-south—or is magnetized in the
opposite direction—i.e., south-north. Therefore, a north-
south polarization is capable of being indicative of, say,
a binary “1,” whereas a soulh-north magnetic polariza-
tion is thus indicative of a binary “0.” Likewise, if the
magnetic strip were initially polarized north-south down-
wardly from the tep portion thereof, as illustrated in
FIG. 8838, a south-north polarization is capable of being
indicative of a linefind magnetic discontinuity.

During a recording operation, the words are sequen-
tially recorded on the magnetic strip, starting at the top
of the card with the highest-order bit of the highest-order
digit of the first werd and ending with the lowest-order
bit of the Iowest-order digit of the last word at the bot-
tom of the strip. When the card is subsequently read, the
low-order bit of the low-order digit of the iast recorded
word is read or magnetically sensed first, and the high-
order bit of the high-crder digit of the first recorded word
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is last to be read. Thus it is evident that the ledger card
is transiated in one direction during a recording opera-
tion and is translated in the opposite direction during
a reading operation.

In order to conserve space during a recording opera-
tion, all non-significant zcros located to the left of the
highest-order significant digit are suppressed and replaced
by an “end-of-word” indication comprising the record-
ing of binary 1111. Thus, if a word of all zeros is to be
recorded, only an end-of-word indicatien is recordsd in-
stead.

Listed below in somewhat tabuiar form, and also graph-
ically illustrated by the flow diagram of FIG. 107D,
is a step-by-step description of the various previously de-
scribed subinstructions to which the computer is sequen-
tially responsive in execuling a “ROC” instruction.

Step Suhbipstrue- Deseription
tions
1. MI-0-2...._... Copy the ne 1strizetion word from memory
into the insiraciion nghtrr the adidress in
e vmry ni the next i Rituumn word belng
1 .
ol seetion l af llu 11“!‘1*
earey ot the subin tr:p
of ihe fllewi
2 QO-0-3...__.. Go to Step 3 in the xub,mt an wheneyer
depression of oomotor bur will inftinie a
machine ¢ye
F S L4060 ._. Ifthel ol in sogtion 2 of tha
instriretis “OT go to Step-;
othery
4. L1-5-8 ... If the 1 : n
instraetic . gm tu Hiep-y;
athors
[ SO Lo-0-7 . If t‘w 1 e ¢of the
G g T i3 \,""’pu o -7.
[E——— BR-0-8._ ... Re'md kmu ¢ Huelnd nformatien on the
slger card; therealter, go to 8.
[ LL-0-8 ___.__ (] mnl!ip’u: linedl A inforn on the
rocard; thereafter, go to
8. ... MIC-00.._._. ! 13-0 1 soon as e ledeer vnrd is helng
transhited at full veloelly out Uy fronr the
carrigge of fhe machine and iy in position for
recording therea
[ S AD®-0-10. .. De rement the di m»—cou"i( r; therealter, go o
Sten-10.
0. PEe-0-11___._ Presed the #3307 digitregister to 07 thereafter,
go to b'LL‘p<ll
.. MEK-4-12. .. Copy into the K" digit-register the digit,
indieated by the enuut of the digit-eounier,
of the word stored in memory che address
speciiied by the contenis of se i\m 4 of the
insiruction register; thevealier, oo to Slep-12,
2. Ke-14-13______ If the digit stored in the 87 digit register is a
GO, go o Btep-1d; otherwine, go w Sten-14.
8. De¢-0-14_______ If the digit-counfer is o o o of “*0", po Lo
Step-14; otherwise, go to 'nq 9.
T S KIY-0-15____| When the 200 eps clock Hoe SAM is rendered
FALRT, go to Step-15.
15, ... 139-16-18______ If the (Ls:it eonunter is af a enunt of 47, go to
Slep-18; otherwise, go 1o Step-14.
6. ROSD-17____. Reeord an end-olword @) m.tmur. on the
. ledger curd; thereafter, go to Step-1
17 Ke-18-22______| If rhe digit \'\JlL‘d in the * K" digit
49T to bion»:].’, o'hm wise,
18 ... SEB-0-19...._. Recnrd the synthronis
1ion on !hn ledger eard, and,
therewiih, ree m o Ehie lody
stored in the PR digit-regiat
"n tiy Sten-Li,
19 De-20-22. . __ I the digit-=ceander B3 ot a cound of 707, go to
Stop-22 0, g0 10 Htep-20,
20, AD@)-0-21.__} Decrement the digit-counter; thereatter , PO o
Step-il.
b3 S— ME-4-18_._... Copy the rligit into the “K" diai
indicated by the eount of the
from the word stored in Oy ol Hw :nl-
dress spaecified by the contents of section 4 of
rucltion register; thervafter, go to
2 . 134-28-24. ... Inhcwidro ssesin scetions 3and 4 of the instruce-
tion register are enual, go to Siep-24; other-
wise, vo Lo Step-23.
23 .. DF2-0-9..____| Docretent the contents of section 4 of the
instraetinn register; therealler, wo to Sten-0,
24 __. LE-0-25._..._| Go to Step-25 ufter the ledger o il T heen
eompletely ejected from the accounting ma-
chine carriage.
25 STD-5-* _____ | Copy the conlents of seetion 5 of the instrue-
tion register into the word-selecting register.,

With reference to FIG. 76, the state of flipflop 6692
is reversed upon completion of the previously-initiated
subprogram, due to a TRUE-to-FALSE reversal of state
of line AN. As previously described, when the state
of flipflop 6032 is reversed, so that line MI is rendered
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TRUE, a “Mi” word-cycle is initiated whereby the word
ctored in memory at the address specified by the con-
ents of the word-selecting register is read out and stored
ia the instructions register.  Thereafter, if the two-deci-
mal-digit number stored in section 1 of the instruction
register corresponds to the code designation for a “ROC”
instruction—ie., “03"—the state of line ROC (FIG. 56)
is rendered TRUE. As a resuit, a “record-on-card” sub-
program is thereafter executed in the following manner:

It is first assumed that, upon initiation of the "ROC”
subprogram, a ledger card is positioned in the accounting
machine carringe, the posting operation on the card is
completed, and it is desired to magnetically record line-
find information in addition to the last line of posting on
the magnetic strip thereof while the card is being ejected
{from the machine. With reference to FIG, 82, it is fur-
ther assumed that the able arm of the accounting ma-
chine is in the non-deflected position, so that the contacts
of switch 496 are closed, thus indicating that the motor
bars are not disabled; that the carriage of the machine is
niot tabulating over a carriage stop so that the contacts of
switch 51€ are closed; that the machine is in home posi-
tion so that the contacts of switch 528 are closed; and that
a paper-tape-punching operation is not to be initiated, as
indicated by a closure of switch contacts SC41—3. The
just-mentioned assumptions being satisfied, line GO is
rendered TRUE, thus indicating that the accounting ma-
chine is ready for a cycle of operation thereof to be
initiated.

As it is assumed that the machine carriage is in home
position, the contacts of switch 579 are closed, so that
line HC is rendercd TRUE thereby.  Also, as the carriage
of the machine is now closed, the movable arm of switch
323 is in the position shown, so that the state of line (D)’
is TRUE. In addition, when line ROC is initially ren-
dered TRUE, lines REC and i are likewise rendered
TRUE and remain TRUE for substantially the entire
time duraticn of the execution of the “ROC” subpro-
gram. Consequently, when line i is initially rendered
TRUE, the states of all of the inputs to logical AND
1767 are, for the first time, simultaneously TRUE, and,
as a result, solenoid Y is energized thereby. As pre-
viously described with respect to FIG. 38, when solenoid
Y is cnergized, carriage throat shaft 458 is rotated coun-
ter-clockwise thereby to effect the tripping of the carriage
taroat clutch, not shown, which allows the carriage to
b opened by the power shaft of the machine. During
the carriage-opening operation, the front feed chute is
tilted forward to the position shown in FIG. 18, so that
compression rolis 296 are positioned in close proximity
to the card-handling platen 241, with the ledger card dis-
posed therebetween. In addition, after the carriage is
opened, the movable arm of the switch 333 (FIG. 82)
is deflected downwardly, as viewed, and thereby renders
line D TRUE and line (D) FALSE. When line (D)’
is thus rendered FALSE, solenoid Y is de-energized there-
by.

yAs previously described, when the front feed chute is
in the position shown in FIG. 18 and the compression
rolls 256 are adjacent to, but not latched against, the
card-drive platen 241, the brushes 336 and N are elec-
trically connected together by the commutator bar 342,
as shown in FIG. 28B. However, when the paper guide
motor is energized, the cam 361 (FIG. 19) is rotated
counter-clockwise to the position shown, to complete the
fatching operation in a manner previously described.
When the latching operation is completed, so that the
ledger card is secured between the compression rolls 296
and the platen 241, the commutator bar 342 will have
been rotated clockwise to the position shown in FIG.
28A. As a resulf, the brushes E and 339 are electrically
connected together by the commutator bar 342,

As diagrammatically illustrated in FIG. 83, the brushes
236 and 239 function in essentially the same manner as
the movable arm of a single-pole double-throw switch.
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Thus, prior to the latching operation, line E is substan-
tially at ground potential, and the potential on line N is
substantially equal to the negative potential applied to
brushzs 326—339. Therefore, after carriage-opening
solenoid Y (F1G. 82) is de-energized by line (D)’ being
rendzred FALSE and line D simultaneously being ren-
dered T'RUE, papcr-guide relay solencid PGR (FIG. 83)
is energized by gate 1777. Encrgization of relay sole-
noid PGR initiates the closure of normally-open contacts
PGR—I, PGR—2, and PGR—35, and simultaneously ini-
tinies the opening of normally-closed contacts PGR—3
and PGR—4. As shown, an opening of contacts
PGR—3 and PGR—4 and a closure of contacts PGR—1
and PGR—2 cause a reversal of subsequently-applied

; «current flow through the armature of paper guide motor

PGM, which is of the permanent magnet type, and thereby
cause a reversal of subsequent rotation thereof. A clos-
ure of contacts PUR—G, of course, causes armature cur-
rent to flow through paper-guide motor PGM.. There-
fore, when the paper guide relay is enerpized, armature
current is applied to the paper-guide motor, so that its
armature is rotated in a direction to effect the latching
of the compression rolls 236 against the card-drive platen
241, as illustrated in FIG. 19.

After the latching operation is completed, so that the
cominutator 349 is rotated by the paper-guide motor to
the position shown in FIG. 28A, line £ (FIG. 83) is
rendered FALSE and thereby causss the paper-guide
motor to be de-energized by cffecting a de-energization
of paperguide relay PGR, and thus initiating the return of
the relay contacts thereof to their normal conditions, as
shown. In addition, with reference to FIG, 17, after
the latching operation is completed, the radiant energy
from the light source 373 is reflected from the ledger card
back onto the sensitive areas of photocells PCB and
PCC and thereby energize both. Consequently, with
reference back to FIG, 83, when photocells PCB and
PCC are cnergized, lines B and C are respectively ren-
dered TRUE thereby in the manner previously described.
YWhen line E is rendered FALSE, due to the fact that
the paper guide is now in a latched condition, lines (E)’
and N are, of course, both rendered TRUE.

As shown in FIG. 82, when line (E)’ is rendered
TRUE, energization of solenoid X is effected by gate
1769. As previously described with respect to FIGS. 16
and 17, energization of solenoid X allows subsequent
rotation of the square shaft 283 and thereby allows the
lower compression rolls 288 to be disengaged from the
platen 71, As also previously described with respect to
FIG. 19, when the square shaft 283 is rotated counter-
clockwise, as viewed, to cause the lower compression
rolls to be disengaged from the accounting machine platen,
the contacts of the switch 5485 are operated thereby.
Therefore, with reference back to FIG, 82, after the
lower compressicn roll disengagement operation is com-
pleted, the movable arm of switch 545 is deflected down-
vardly, as viewed, and thus causes the state of line G
to thereafter be TRUE. Simultaneously therewith, line
(G)’ is rendercd FALSE and thereby causes solenoid
X to be de-energized. When line G is thus rendered
TRUE, card drive motor CDM is caused to be ener-
gized by gate 1770,  As a result, the ledger card is driven
toward the rear of the machine and back into the chute
291 by the platen 241, in the manner previously dec-
scribed with respect to FIGS. 17 through 19,

As previously described with respect to that porticn of
the preceding description relating to the format of a
“ROC” instruction word, the numeral “0” in the Iow-
order digital position of section 2 thereof causes a “ rec-
ord single line find information™ operation to subse-
quently be initiated; the numeral “1” in the low-order
digital position of section 2 thereof causes a “record no
linefind information operation to subsequently be initi-
ated; and the numeral “2” in the low-order digital po-
sition of section 2 thereof causes a “rccord multiple line-
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find information” operation to subsequently be initiated.
As previously described with respect to FIG. 57, if the
value of the digit stored in the low-order digital position
of scction 2 of the instruction register is a “0,” a “1,” or a
“2,” the state of one of lines L¢ through L2 is respectively
rendered TRUE.

With reference now to FIG. 85, if it is assumed that
single finefind information is desired to be recorded, as
indicated by a TRUE state of line Lg, lines L1 and 12, of
course, being FALSE, the roference input to flipflop 6140
is reversed from THRUE to FALSE when line G is ren-
dered TRUE in the manner just described. Consequent-
1y, the state of flipflop 6140 is reversed, so that the upper
end, as viewed, of the winding of linefind head 346 is
rendered TRUE. Simultaneously therewith, the output
of gate 1820 is rendered TRUE, so that the center tap
of the winding of the linefind heud 346 is thereby rendered
FALSE. As a result, current is caused to flow between
the center tap and the upper end of the winding of line-
find head 346 in such a direction as to magnetize the line-
find channel portion of the magnetic strip of the ledger
card in the opposite direction to the pre-magnetized di-
rection. However, approximately ten to forty millisec-
onds later, the state of {iipfllop 6140 reverts back to its
original condition, so that the lower end of the winding
of linefind head 346 is now rendered TRUE instead of
its upper end, as before. Consequently, current is caused
to flow between the center tap and the lower end of the
linefind winding in such a direction as to magnetize the
remaining portion of the linefind channel in the same
direction as the pre-magnetized direction, thereby simul-
taneously erasing all previously-recorded linefind informa-
tion.

It is now assumed that multiple linefind information is
desired to be recorded, so that line L2 is initially ren-
dered TRUE Insiead of line L¢. Thus, when the state
of flipflop 61490 is initiaily reversed in the manner just
described, the state of flipop 6141 is likewise reversed
simultancously therewith, Thus, azain, the states of the
upper end and center tap of the winding of linefind head
346 are rendered TRUE and FALSE, respectively, as
before described. Consequently, the linefind channel is,
again, first magnetized in the opposite pre-magnetized
directicn by the first reversal of state of flipflop 6148 and,
thereafter, is magnetized in the same direction as the pre-
magnetized direction by a sceond reversal of state of
fiipllop 6148, as before described. However, approxi-
mately sixiy miliiseconds after the state of flipflop 6141
is initially reversed, its state reverts back to its imitial
condition, so that the state of the center tap of linefind
head 346 is rendered TRUR thereby, thus essentially de-
energizing the line-find head and thereby preventing fur-
ther erasure of previocusiy-recorded linefind information,
all of which is diagrammatically iilustrated in FIG. 88B.
It is to be noted that, if it is desired for no linefind in-
formation to be recorded in the linefind channel, as in-
dicated by a TRUE state of line L1, the linefind head is
prevented from being energized duc to the fact that the
state of line (L1)’ is thus FALSE and thereby prevents
the output of logical AND 1798 from subszquently being
rendered TRUE.

vith reference to FIG. 17, when the ledger card has
Leen driven to the full extent into chute 281, the reversal
spot located at the top margin of the lcdger card, indi-
cated as 376 in FIG. 88A, passes over the junction of
the leg members 371 and 372. Consequently, the radiant
energy from light source 373 is absorbed by the dark
area thereof to the extent that photocell PCB is thus de-
encrgized. With reference to FIG. 83, when photocell
PCB is de-energized, the statc 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 simulta-
neously rendered FALSE. When line (P}’ is thus ren-
dered FALSE, card-drive relay ccil CDR is de-energized,
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and, as a result, relay contacts CDR—5 are closed and
thereby render line (U)” TRUE.

With reference to FIG. 82, also when coil CDR is
de-energized, relay centacts CDR—1 and CDR—2 are
opened, whereas relay contacts CDR—3 and CDR-—4
are closed, as shown, thus causing a reversal of subse-
guently-applied current through the armature of motor
CDM resuliing in a subseguent reversal of rotation
thereof. However, when line (P)’ is rendered FALSE,
card-driven motor CDM is de-energized due to the fact
that the output of gate 1770 is simujtaneously rendered
FALSE. With reference back to FIG. 83, when line
(P)’ is thus rendered FALSE, the state of flipflop 6123
is reversed, so that card-drive brake solenoid CDB is
cnergized.  Conseguently, when solenoid CDB is ener-
sized, the ledger card is brought to a sudden standstill in
the manner previously described with respect to FIG. 14,
Approximately 120 milliseconds after solenoid CDB is
cnerpized, flipflop 6123 reverts back to its initial state of
encraization, so that solenoid CDB is thereby de-ener-
gized.

With reference to FIG. 82, when line (U)’ is rendered
TRUE dus to the card-drive relay coil being de-energized,
current is applied through the armature of card-drive
motor COM viz gate 1771 in such a direction that the
direction of rotation of card-drive raotor is reversed and
the ledger card is driven cutwardly from the carriage.

Asg scon as the ledger card begins to be translated out-
wardly from the acccunting machine carriage toward
the joading table of the card-handiing equipment, the
reversal spot on the top margin thereof is moved away
from photocell PCB (FIG. 17), and photoceil PCH is
consequently exposed to lght source 373, With ref-
ercnce back to FIG. 83, when phstocell PCB is exposed
to radiant energy, line B is rendered TRUE thereby.

With refercnce to FIG. 85, when line B is again ren-
dered TRUE, all of the inputs to logical AND 2381 are
simuitancously TRUE, and, as a result, the reference
incut to fipflop 6143 is reversed frem a TRUEB state
10 a FALSH siate. Consequently, fliptfiop 6143 reverses
state, so that ling SCD is rendered TRUE when the
reversal spot on the top margin of the ledger card is
moved away from rphotocell PCE. Approximately 73
milliseconds later, however, flipflop 6143 agoin reverses
state, and ling SCD is thereby rendered FALSE. As
will be scen later, flipflip 6143 provides a 75-miliisecond
delay in order to allow the ledger-card-driving imcans
sufficient (ime to accelerate the ledger card to full
velocity before any information is magneticaliy recorded
thereon, thus obtaining a recording margin &t the top of
the card of approximately one half-inch in width.

Vith reference to FIGS. 924 through 92C, there is
logically illustrated therein a composite circuit diagram
of particular portions of the computer circuitry utilized
in executing a “ROC” instruction. With particular ref-
erence to FIG. 828, when line SCD experiences a TRUE-
to-FALSE reversal of state, indicating that the ledger
card has reached iull velocity and is in position for re-
cording thereen, the staie of ilipflop 6033 is reversed, so
that tine M!C is rendered TRUE thereby.

As previously described with respect to section (b)
of FiG. 30, mullivibrator 6126, shown in FI1G. 92A, is
a frec-running 400-cycle-per-second sguare-wave genera-
tor synchronized with respect to the changes of state
of line C41. Consequently, the reference output of mul-
tivibrator 6126 is rendered TRUE at TIME-1 when
the state of line C41 reverses from TRUE to FALSE
and, approximately 1240 microseconds later at TIME-
1, is rendered FALSE and, approximately 1240 micro-
seconds later at TIME-1, is again rendered TRUE, and
so on. As shown, the reference and prime output lines
from multivibrator 6126 are respectively connected to
the reference and prime input lines of flipflop 6133.
Therefore, the state of line 1CC is sequentially reversed
from TRUE to FALSE and back to TRUE at a 400-
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cycle-per-second rate but essentially 180 degrees out of
phase with changes of state of the reference output of
multivibrator 6126. By the same token, when line ROC
is rendercd TRUE at the beginning of the “ROC” sub-
program, the state of line GC is reversed at the same
rate as the state of line ICC but essentially 180 degrees
out of phase therewith, Flipflop 61€2 operates us a
frequency divider which essentially divides the ontput at
line GC by units of »2.”" Thus, it is evident, the state of
line SAM is sequentially reversed from TRUE to FALSE
to TRUE at a 200-cycle-per-second rate, with each change
of state thereof occurring at TIME~1. In other words,
line SAM is rendered FALSE at the first TIME-1, re-
mains FALSE for approximately 2480 microseconds and
is rendered TRUE at TIME-1, remains TRUE for ap-
proximately 2483 microseconds and is rendered FALSE
at TIME-1, and so on.

Therefore, with reference to FIG. 98B, when line
GC 5 first rendered TRUE at TIME-1 after line ROC
is rendered TRUE, the reference input to flipflop 6683
is reversed from TRUE to FALSE. Consequentiy, flip-
flop 6688 reverses state, so that line JHR is rendered
TRUE thereby. At the following TIME-1, the state
of flipflop 6088 is again reversed, und line JHR is there-
by rendered FALSE. Thus, every 2480 microseconds
at TIME-1 after line ROC is rendered TRUE, line JHR
is rendered TRUE and remuains TRUE for 40 micro-
seconds and is rendered FALSE at the following TIME~
i. With reference now to FIG. 92A, when the reversal

spot on the ledger card is moved away from photocell 3

PCB and the ledger card is being translated outwardly
from the carriage at maximum velocity, all the inputs
to logical AND 1366 are TRUE after line MIC is ren-
dered TRUE. Consequently, when line JHR is there-
after rendered FALSE, the state of flipflop 6061 is re-
versed, so that line TH is rendered TRUE. At TIME-3
after line TH is rendered TRUE, line AD experiences
a TRUE-to-FALSE reversal of state. As shown in
FIG. 92C, when line ROC is initially rendered TRUE,
line DBD is likewise rendered TRUE.

As previously described with respect to the digit-
counter (FIG. 62), after line DBD is rendered TRUE,
subsequent successive TRUE-to-FALSE reversal of states
of line AD causes a successive decrementing of the count
of the digit-counter. It is seen, therefore, as line DBD
is TRUE when line AD is rendered FALSE, that the
digit-counter is decremented from a count of “U0” to a
count of “9.” Also, as shown in FIG. 92A, when line
TH is rendered TRUE, line KKF i3 likewise rendered
TRUE. Therefore, when line AD is rendered FALSE,
lire PKg also experiences a TRUE-to-FALSE reversal
of state, and, as a result, the “K" digit-register (FIG.
70) is preset to “0.”

With reference to FIG. 92C, when lines ROC and
TH are simultaneously TRUE, line MK is rendered
TRUE. When line MK is thus rendered TRUE, line
TS4 is likewise rendered TRUE. Thus, in response to
lines MK and TS4 being TRUE, a “MK” digit-cycle is
thereafter executed whereby the high-order digit of the
word stored in memory at the address specified by the
contents of section 4 of the instruction register is stored
in the “K” digit-register. At TiME-1 after the high-
order digit of the word in memory is stored in the “K”
digit-register, the state of flipflop 6661 (FIG. 92A) is
reversed, and line TH is thereby rendercd FALSE. When
line TH is thus rendered FALSE, the state of flipflep
6695 (FIG. 92B) is reversed, and line OBM is thereby
rendered TRUE. However, forty microseconds later at
the following TIME-L, the state of flipflop 6893 is again
reversed, and line OBM is rendered FALSE.

As previously described with respect to FIG. 78, when-
ever the “K” digit-register is storing a decimal digit hav-
ing a value of zero, line Ko is rendered TRUE; other-
wise, line (Kg¢) is rendered TRUE., If it is assumed

that the digit just stored in the “K” digit-register has a
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value other than zers, the state of [inflop 663% (FIG,
92B)Y is reversed when line OBM is rendered FALSE.
Conscquently, line KEY is thereby rendered TRUE, in-
dicating that the computer is ready to magnetically re-
cord the digit now stored in the “K” digit-register on
the mognetic strip of the ledger card.  Actual record-
ing on tire ledger card, however, dees not begin until
iine SAM (FIG. 92A) is rendered FALSE. When line
S8AM is subsequently rendered FALSE due to a reversal
of state of flinflop 61£2 approximately 2480 microsec-
onds ofler being rendered TRUE, the state of flipflop
e88% (Fil. 92B) is again reversed, so that line KEY is
thereby rendered FALSE.

With reference to FI1G. 92C, when line KEY cxperi-
cnces a TRUE-to-FALSE reversal of state, the state of
Aipflop 6184 is reversed, and line SES is rendered TRUE
and remains TRUE until all data and clock information
has been maognetically recorded on the ledger card.
With reference now to FI1G. 85, as lines SES und ROC
remain TRUE during the entive recording operation, re-
cording current effectively flows through the winding of
clock recording-reproducing head 347 in one direction
or in the opposite direction, depending upon whether
the state of line SAM is TRUE or FALSE. Thus, it is
evident, when line SES is rendered TRUE, an approxi-
mately 200-cycle-per-scecond square-wave signal is mag-
netically recorded in the clock channel of the ledger card
while the card is being translaied outwardly from the
carriage at a linear speed of approximately ten inches
per second.

As previously described with respect to FIG. 70, the
output of the “K” digit-register is effectively serialized,
in that the digit stored therein is eflectively “read out”
bit-by-bit and the state of line KS is seguentially condi-
tioned either TRUE or FALSE for each bit, depending
upon whether the bit just read out is either a “1” or a “0,”
respectively, Therefore, when line KEY (FIG. 61) is
rendered FALSE, line CYC is reversed from TRUE to
FALSE. As a result, the bit-counter (FIG. 62) is de-
cremented from a binary count of “4” to a binary count
of “d.” With reference back to FIG, 70, if it is assumed
that the digit previously stored in the “K” digit-register
is a “9”—ie., binary 1001—when the bit-counter is at a
binary count of “d,” so that lire Bd is TRUE, line KS
is rendered TRUE, indicating that bit “d” of the digit
stored in the “K” digit-register is a binary “1’"; when the
bit-counter is subsequently decremented to a count of
“¢” due to a change of state line (GC)’, hence line
CYC, line KS is rendered FALSE, indicating that bit “¢”
of the digit stored in the “I<” digit-register is a binary “0"”;
when the bit-counter is subsequently decremented to a
count of “4,” line KS remains FALSE, indicating that bit
“&” is also “0”; and, finally, when the bit-counter is
decremented to a count of “a,” linc K8 is rendered TRUE,
indicating that bit “a” is a binary “1.”

As previously described, the states of fiipflops 6102
(FIG. 92A) and 6983 (FIG. 92B) are simultansously
reversed by a change of state of line (GC)’, so that lines
SAM and JHR are simultancously rendered TRUE.
Forty microseconds later, however, the state of flipflop
06658 is again reversed, so that line JHR is rendered
FALSE.

With reference to FIG. 92C, it is evidznt that the state
of line OBN is conditioned TRUE or FALSE via flip-
flop 60926 cach time the output of gate 1629 is rendered
FFALSE, to correspond to the value of the binary bit just
read out from the “K” digit-register. That is, if the bit
is a binary “1,” line OBN is rendered TRUE; if the bit
is a binary “0,” line OBN remains FALSE., With refer-
ence to FIG. 83, it is evident that, forty microseconds
after each reversal of state of line SAM, current is ef-
fectively caused to flow through the winding of data
recording-reproducing head 348 in one direction when
line OBN is rendered TRUF, and is caused to flow in
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an opposite direction when line OBN is rendered FALSE.
Thus, it is seen the data information is magnetically
recorded in synchronism with the 200-cycle-per-second
clock information.

With reference back to FIG. 92A, during the time the
tenth-order digit of the word read out from memory is
being recorded on the ledger card, so that the bit-
counter is again at a count of “@,” the output of gate
1370 reverses from TRURE to FALSE when the state
of line JHR =2gain experiences a TRUE-to-FALSE
reversal of state. As a result, the state of flipflop 6061
is reversed, and line TH is again rendered TRUE for
the second time. At the following TIME-3 after line
TH is rendered TRUE, the state of line AD is reversed,
so that the digit-counter is decremented from a count of
“9” to a count of “8.” Simultaneously therewith, the
“K" digit-register is preset to zero via change of state
of line PKo.

With reference to FIG. 92C, when line TH is thus
rendered TRUE, line MK is likewise rendered TRUE
for the second time, Again, when line MK is thus
rendered TRUE, line TS4 is rendered TRUE. Conse-
quently, in response to lines MK and TS4 thus being
rendered TRUE, a second “MK” digit-cycle is thereafter
executed, whereby the ninth-order digit of the word
stored in memory at the address specified by the contents
of section 4 of the instructicn register is read out, stored
in the “K” digit-register, and thereafter magnetically
recorded in the data channel of the ledger card in sub-
stantially the same manner as just described. With refer-
ence to FIG. 92B, at TIME-3 after the digit-counter
reaches a count of “0,” so that line D¢ is TRUE, and
the bit-counter reaches a count of “g,” so that line Bu is
TRUE, thus indicating that the first-order digit of the first
word reed from memory is being magnetically recorded
on the ledger card, the state of flipflop 6094 is reversed,
so that line MOU is rendered TRUE thereby.

After the first-order digit of the first word read from
memory is magnetically recorded on the ledger card, the
contents of sections 3 and 4 of the instruction register
are compared for equality in the same manner as previ-
ously described. If the contents of sections 3 and 4 are
not equal, indicating that there are additional words to
be read from memory and subsequently recorded on the
card, section 4 is decremented, via line DE2, approxi-
mately twenty microseconds after line MOU is rendered
TRUE. Thereafter line MOU is rendered FALSE and
the -above sequence of events is again repeated, in sub-
stantially the same manner as just described. When the

contents of sections 3 and 4 of the instruction register

are of equal magnitude, indicating that there are no more
words to be read from memory and magnetically re-
corded on the ledger card, line (I34)’ is rendered TRUE
in the same manner as previously described with respect
to FIG, 59.

Thus, as the state of line (I134)” is now TRUE, the
state of flipflop 6894 is again reversed in response to
the next succeeding TRUE-to-FALSE reversal of state
of line (GC)’, and, as a result, line MCU is thus
rendercd FALSE., With reference to FIG. 92C, when
line MOU is thus rendered FALSE, the state of flipfiop
6164 is rcversed, so that line SES is rendered FALSE
thereby, thereafter terminating all recording of clock and
data information in the respective channels of the ledger
card strip. When line SES is thus rendered FALSE, the
state of flipflop 6898 is reversed, so that line LK is
rendered TRUE thereby.

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

With reference to FIG. 92B, if it is now assumed that
the tenth-order digit of the word read out from memory
and initially stored in the “K” digit-register is a zero,
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the state of flipflop 6989 remains unchanged, so that
line KEY remains FALSE when line OBM is rendered
FALSE as before. However, if line KEY was previously
rendered TRUE prior to the initiation of the “ROC” sub-
program, the state of flipflop 6089 is reversed when
line SAM is thereafter rendered FALSE, and, as a result,
line KEY is rendered FALSE thereby. When line KEY
is rendered FALSE at the beginning of the recording
operation, the state of flipflop 6898 is reversed, so that
line ROS is thereby rendered TRUE, Therefore, with
reference to FIG. 92C, due to the fact that line Bd is
TRUE at the beginning of the recording operation and
line JHR is rendered TRUE when line (GC)’ is first
rendered FALSE, as before described, the state of flip-
flop 6886 is reversed when line JHR is rendered FALSE
approximately forty microseconds after line ROS is first
rendered TRUE. Consequently, line OBN is rendered
TRUE thereby. Approximately five milliseconds after
line OBN is rendered TRUE, the state of flipflop 6096
is reversed when lines SAM and (GC)’ are both rendered
FALSE. With reference to FIG. 92B, approximately
five milliseconds after line (OBN)’ is thus rendered
TRUE, the state of flipflop 6693 is again reversed when
lines SAM and (GC)’ are both again simultaneously
rendered FALSE. As a result, line ROC is thereby
rendered FALSE.

With reference now to FIG. 85, when line ROS is thus
rendered TRUE and remains TRUE for approximately
ten milliseconds, during which time both of lines SES and
RCC are TRUE, current is caused to flow through the
winding of data recordingreproducing head 348, via gate
1796, in the same direction for approximately ten milli-
seconds, and in such a direction therethrough as to cause
four successive binary “1's” to be recorded in the data
channel. At the following TIME-1 when line JHR is
rendered FALSE after line (RO3)’ is rendered TRUE,
the state of flipflop 6896 (FIG. 92C) is reversed, and, as
a result, line OBN is rendered TRUE and remains TRUE
until Lnes {(GC) and SAM are subsequently rendered
FALSE. As line (OBN)’ is simultancously rendered
FALSE when line OB is rendered TRUE, the state of
flipflop 6693 (FIG. 92B) is prevented from being re-
versed until line SAM is subsequently rendered FALSE
approximately 160 microseconds after line ROS is ren-
dered TRUE. However, when line SAM is rendered
FALSE, the state of flipflop 6898 is reversad, and line
ROS is rendered FALSE, thus terminating the end-of-
word recording operation. It is to be noted that, while
the state of line ROS is TRUE, the state of line OBN is
not sequentially conditioned, as before, to successively
correspond to the value of the binary biis of digit stored
in the “K” digit-register.

With reference to FIG. 17, just prior to the ledger card
being completely ejected from the carriage, the bottom
edge thereof first passes over the top of the righimost ex-
tension of arm 374. Thereafter, photocell PCC is de-en-
ergized due to the fact that the radiant energy from light
source 373 is not reflected by the lzdger card onto the
light-sensitive arca thereof, as before.  As previously de-
scribed, photocell PCC is connected in the circuit of pre-
amplifier 4733 (FIG. 23) in such a manner that the siate
of line C is rendered FALSE when photocell PCC 15 do-
energized. When line C is thus renderad FALSE, the
state of {lipflop 6122 is reversed, so that line (P)’ is ren-
dered FALSE thereby, thus de-energizing card-drive relay
coil CDR. When coil CDR is de-energized, relay con-
tacts CDR-5 arc closed, and line (U)’ is thercby ren-
dered TRUE. With reference to FIG. 82, when line
(P)” is thus rendered FALSE, card-drive motor CDM is
de-energized. With reference back to FIG. 83, also when
line (P)’ is rendered FALSE, the state of flipflop 6123 is
reversed, so that card-drive brake coil CDB is energized
for a period of approximately 120 milliseconds and thus
causes the card-drive motor CDM to be brought to a sud-
den standstill in the manner previously described with re-
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pet (o FIG. 14, After a time lapse of upnrowmﬁtely
120 milliseconds, the state of flipflop 6123 is again re-
versed, so that card-drive brake coil CDB is de-energized
thereby.

With reference back to FIG. 17, when the bottom edge
of the Jedger card passes over the junction of arms 371—
2732, 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 described, 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
prhotocell PCB is de-energized. Thus, when line (B)’ is
rendered TRUE, all of the inputs to gate 1775 are, for the
first time, simultancously TRUE, so that paper-guide
motor PGM is encrgized and is thereafter caused to ro-
tate in the opposite direction, due to the fact that the
paper-guide relay coil PGR was previously de-energized,
so that relay contacts PGR1I through PGR4 are caused
to resume their normal conditions, as shown. As pre-
viously described with respect to FIG. 19, when the paper-
suide moetlor is caused to be rotated in a direction oppo-
site to that during a htching operation, the cam 301 is
rotated clockwise, as viewed, so that the compression
rolls 288 and 241 are unlatched from each other. During
ihe unlatching OpCI‘dthH 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 rendercd FALSE, the state of
flipflop 6122 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. Thﬂrefore, with reference to FIG. 92C,

vhen line (EOC)’ is thus rendered TRUE, indicating that

the ledger card is comp letely ejected from the carriage,
the state of flipflop 6899 is reversed upon occurrence of
the next TRUE-10-FATSE reversal of state of line AN.
When the state of flipflop G090 is thereby reversed, line
LX is rendered FALSE. As shown in FIG. 92A, when
line LK is rendered FALSE, the state of flipflop 6167 is
reversed, so that line STD is rendered TRUE tnerpby
When line STD is thus rendered TRUE, line TSS is like-
wise rendered TRUE. 1In response to lines STD and TS5
thus being rendercd TRUE, a “STD” subinstruction is
thereafter executed, wnereby the contents of section S of
the instruction register is stored in the word- selecting reg-
ister in the manner previously described. In addition,
when line STD is rendered TRUE, line (STD)’, of course,
being rendered FALSE, line REC (FIG. 82) is rendered
FALSE, thus terminating the sequence of events initiated
by the “ROC” instruction.

P

3

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 previcusly recorded magnetically in a different one
of the three channels of the magnstic strip portion of the
ledger card in the manner just described.

The subprogram for the execution of such an “ECW”
instruction may be divided into three distinct phases.
Puring 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 cither 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.

Etep Subinstruc- Deseription
tions

| SR MLEO 2. Copy the pest instraet im word from me
into the insiricidsn vegiste
memory of vie next bnstruciion word hm jid
indicated by the eontents of Lhe word-sel:
ing register; fherveafter, if the eomienis nf
sectim 1 of the insiruetion re i is o
cwrwum the subinstrustion listed in blt]
of the ;lluv*mg BEOW suburogr ATIJ

20 caan Plp-0-2b ... Precet the 37 digit-register to 07 thereafter,
g0 Lo Step-2b.

2h.__.| RLR~0-3_._._. Prezet ' R counter Lo correspond to low-nrder
dipit of seetion 2 of the Tustroetisn Rugister
and Lhereafrer go to Step- 3.

b S OBN(3)-0-4___j Prosetline OBN toa FALSIE state; Lhiereafior,

g0 to SvaA

4 ... CCR-20-6____ Go to Siep~5 when a synchronizing clock im-
pulse is magnetically picked up from the
le <1£tL" card. Iowever, whon the lodger pard
is all the way into lhe carrigze jist prior (o
reversdal, go to Step 20 1 o clock fmmmilse hag
not been peked up.

[ CYC-0-6...__ Incrernent the bit-counter; thereafler, go to
Step-6.

6. FLY-0-7.__.. Store {n the *J digit-register the data hit
read from the ledger eard, which bit eorros-

ponds to the eount of the hit-counter; there-
«1ftor go to Sch—?

[ — Bd-4-8.. ... II the Dit-counter is af a connt of “°d,” go to
Blen-8; otherwise, go to Step-4.

[ DY-11-9.. .. If (he dixit-counter 15 at o count of “9,” g1 to
Step-9; otherwise, go o Step-11.

| S CM-310._.... Clear the pddress in memory specified hy see-
tion-3 of the instruetion register; thereafter,
g0 Lo Siep-10.

0. QBN(2)-0-11..] Preset line OBN to o TRUR stute: theroafter r
gn to Step-11.

13, EOW-14-12.._} If the ] digit-regisier Is storing “15," go to
Stop-12; otherwisy, go to Slep-14.

12 D9-13-17....-.| If the digit-conater is at o count of “9,” go to
Step-17; otherwis 3.

13- AD-0-12. . Ineremtlm the digit-courior; therealte T, g0 to
Step-12

14 .. AD(1)-0-15._ _| Increment the digit-;ounter; thereafter, go to
Ste

15 cee IM-3-16__.._.. Cop Yp;h‘* digit stored in the 1 digit-registor
memory at the digital positin indicawed by
the count of the soanier, (he address in
MeNMTy l)cing necified by seefion 3 of the
fnstraed s cegister; thereafter, go t9 Step-16.

16 D417, If the dirii-connter is at a ant of 19, go to
Hdv])-h otherwise, po tu Steped,

S [34-18-19 ... If the memory address ‘)l’flx'Ld by sestions
3 and 4 of the instraetian roghider ar criaal,
g:) to Siep-19; othuerwi o to 3ten-18,

18.._.. INGO-4. . Incremnent sectisy 3 of the justraetivn rogisier;
thereafter, go to Step—4.

19.____ L1-22-23. ___..| If the low-order digi red in section 2 of the
instrection register is a ‘1, go to Swep-23;
othervise, go to Ston- 22

20 ... OB’\I (1)-22- | If the state of 'X‘ RUFJ. a0 bo Sop-
21 othe

\It)U (2)-0-1 | Fject the re Jy‘ter g0 Lo Sten-4,
LFA-0-24..._.| Go to Step-24 When the nuxt finednd impulse
is magoetically picked uy,

M OU (2-0- Eject the ledger card; thereafter, go to Step-07,

24 .. })R 0-25 ... De('remant the R-counter; thereafter, go o
Step-25

25| Re-22-26. . ___| If the R coumter is at a count of “0," go to
Btep-26; othicrwise, g0 to Bten-22.

26 .. L-0-27..______| Position the ledger eard on the naxt posting
line; thereaftor, go to Step-27,

27 L1-28-30__ ... If the low-order digit in section 2 of the in-
struction register is a “1," %o to Slep-30;
otheriwise, go to Step-28

28 ... L3-20-30_ ___._ If the low-order digit section-2 of the in-
struetion regisfer is a “37 go to Siep-5y;
otiwrsvise, o Lo Sten-29.

29 ... RPB-0-30_..__ Upon depression of the resanie-progran bur,
20 to Step-30,

30....- CLO-0-31.. . Clo-e the aecounting muchine carriage; there-
aftor, go to Siep-31.
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Subinstrue- Deseription

tions

GO-0-32_.._..1 Go to Step-32 in the Subprogram whenever
depression of a motor bar will initiate a
machine eycle

If the high-order ¢igit in section 2 of the in-
struction register is a 0, go to Step~-33;
otherwise, go Lo Step-34,

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

If the high-order digit in section 2 of the in-
struction Tegister 13 a “1,” go to Step-35;
otherwize. go to Step-36.

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

If the high-order digit in section 2 of the in-
strietion register is a 2, go to Step-87;
otherwise, go to Step-38.

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

If the high-order digit in sectlon 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 Slep-45.

It the high-order digit in section 2 of the in-
struction register is & “4,”” go to Step-4l;
otherwise, go to Step-42,

Depress Lhe middle motor har for a hold opera-
tion; therealter, go to Step-45.

If the high-order «igit in section 2 of the in-
struction register is a “5," go to Step-3;
otherwise, go to Step-44.

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

If the high-order digit in section 2 of the in-
struction 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 io
Step—47.

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

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

Hep-34-33.. ..

MB¢ (1)-0-45_
H1-36-35_ ...

MB¢ (2)-0-45_
H2-38-37....--

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

MB1 (2)-0-45.
I4-42-41___ __

MB2 (1)-0-45.
FI5-44-43. .

MB2 (2)-0-46.

POT-0-46___..

AF-047 ..

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 flipfiop
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 substantially 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 “M{” word-cycle opera-
tion, the state of flipflop 6952 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 flipfiop
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, 528, and
K1—7 being closed, so that line GO is thereby rendered
TRUE; and that the carriage of the accounting machine
is closed, so that the movable arm of switch 333 is in the
position shown, so that line (DD)" is TRUE.

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

After a ledger card of the type shown in FIG. 88A
is placed face down on the loading table, with its leftmost
vertical edge against the card-alignment surfaces, as ilius-
trated in FIG. 22, both of the photocells PCA1l and
PCA2 are de-energized thereby. With reference to FIG.
83, photocells PCA1 and PCAZ2 are connected in the cir-
cuit of pre-amplifiers 4734 and 4738, respectively, and
in a manner previously described with respect to FIG.
51}, so that Jines AT and A2 are respectively rendered
TRUE when photocells PCAi1 and PCA2 are de-ener-
gized. With reference to FIG. 22, when the ledger caud
is manually moved upwardly as viewed, photocell PCB is
energized in a manner previously described with respect
to FIG, 17. With reference now to FIG. 83, when photo-
cell 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—5 are closed, whereas contacts PGR—3 and
PGR—4 arc opened thereby. As a result, paper-guide
motor PGM is thereby energized and thereafter rotates
latching cam 301 (FIG. 13) 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
28R. As shown in FIG. 83, when line E is thus rendered
FALSE, papcr-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-cnergized. 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 $121
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-
cusly described with respect to FIG. 17, so that the mag-
netic strip on the lefimost margin thercof passes directly
cver the magnetic recording-reproducing head assembly
343, shown in FIG. 19. As the leading edge of the ledger
card passes over photocell PCC (FIG. 17), the radiant
energy from the light source 373 is reflected from the
ledger card onto the active area thereof, so that photo-
cell PCC is cnergized thereby. As previously described
with respect to FIG. 83, line C is rendered TRUE as a
result of photoceil 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 simultaneousiy 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 from the information previously o

stored in the data and clock channels, respectively, on
the magnetic strip of the ledger card, flipflop 6144 being
utifized for D.C. restoration of impulses derived from
the data channel, and flipflop 6145 being utilized for
D.C. restoration and frequency doubiing 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

having an alternating polarity at a repetition rate of ap- .

proximately 200 cycles per second appear amplified and
inverted at the output of transistor gate 1805 in the same
manner as previously «described with respect to FIG. 48i.
In response to each of the clock impulses, the state of
flipflop 6145 is reversed, and line CCR is rendered TRUE.
However, approximately 1240 microseconds later, the
state of flip-flop 6145 reverts back to its initial state, so
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 flipflop 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 channe! by the clock pick-up
iicad, line THR 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. §5) whenever the impulse derived by the data
pick-up head is indicative of a binary “1,” and is rendered
FALSE whenever the data impulse is indicative of a
binary “0.”

With reference now to FIG. 91B, at TIME-3 after
line JHR js 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, lhe
state of line CYC is reversed from 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 iz assumed that the first decimal digit to be mag-
netically picked vp from the ledger card by the data head
is a “9"—i.e., binary 10601, as illustrated in F1G. 87D—
Jline 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. 1B, 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 after 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 6970 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” digit-register is a binary “1.”  As bits “b” and “¢” of
the first digit to be read from the ledger card both have a
e of “0,” as ilustrated in FIG. 87D, the state of line
{(FiG. 85) is rendered FALSE by g reversal of state
of flipllop 6144 as a result of the negative-going impulse
derived by the data head, and remains FALSE for two
bit time periods until the next positive-going impulse is
derived indicative of the binary value of bit “4.”

Ay dine CSA 1s now FALSE, indicating that the binary
value of bit “4” 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 clock head, the bit-counter is advanced
from a binary count of “d” to a binary count of “¢” due
to a change of stale of line CYC. Therefore, with ref-
erence back to FIG. 71, as line JL remains FALSE be-
fore and after line Bb from the bit-counter is rendered
TRUE, the staic of flipflop 6669 remains unchanged, so
that the state of line Jb is FALSE, indicating that the
binary value of bit “&” of the digit stored in the “J” digit-
registeris a “0.” The above-described sequence of events
is sequentially repeated until lines Ja and Jd of the “J”
digit-register are each rendered TRUE, lines Jb and Jc
remaining FALSE. Thus, the states of lines Jg through
Jd collectively represent the binary value of the digit just
read from the ledger card—ie, “1001.”

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-register via line JL, the digit-coun-
ter being at a count of “0” 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
JHR is rendered TRUE for the fifth time. When line CM
is thus rendered TRUE, line TS3 is likewise rendered
TRUE. Consequently, 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
a 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 a TRUE-to-FALSE reversal of state, the state
of flipflop 6236 is reversed, so that line (OBN)’ is there-
by rendered FALSE.

it is to be noted at this point that the specificd ad-
dress in memory is not cleared until it has been deter-
mined that the ledger card just fed into the computer 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 therein, the computer is immediately per-
milled 1o proceed with respect to the next successive ad-
dress in memory whenever an end-of-word notation s
read from the fedger card, an end-of-word notation {i.e.,
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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 digital positions in the partic-
ular address in memory are already preset to zero, the
digit-counier is thus permitted to return to a count of “9”
when zn end-of-word notation ds deiected, without the
need of executing successive read-write cycles with re-
spect to each of the remaining digits of the word having
a value of zero.

With reference to FIG. 91A, when line CM is thus
rendered FALSE, the state of flipflop 6061 is reversed,
so that line TH is thereby rendered TRUE. At TIME-1
after line TH is thus rendzred TRUE, the state of flinflop
6104 is reversed, so that line SES is rendered TRUE
thereby., Also, with reference to FIG. 918, at TIME-3
after line TH is thus rendered TRUE, line AD expericnces
a TRUE-to-FALSE reversal of state and thereby causes
the digit-counter to be incremented from a count of “9”
to a count of “0.” In 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 M is also rendered TRUE when line TH is thus ren-
dered TRUE. When line JM is rendered TRUE, hine
TS3 is likewise rendered TRUE. Consequenily, in re-
sponce to lines IM and TS3 thus being rendercd TRUE
and the dizit-counter being at a count of “0,” a “IM”
digit-cycle is thereafler executed, whereby the digit fust
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 end-of-word
notation, and as there are therefere other digits of the
word magretically recorded on the card, the “J” digit-
register is again preset to “0” by a TRUE-to-FALSE re-
versal of state of line PJ¢ at TIME-3 after line JHR is
again rendered TRUE. Thereafter, the bit-counter is suc-
cessively incremented from a count of “d” through counis
#g,7 “h,” 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 mangper as just described. Thereafier, the
digit-ccunter is advanced from a count of "0” to a couat
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 “IM”
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 6104 is reversed and
line SES thereby rendercd TRUE, whenever cither the
digit-counter is at a count of “9,” as indicated by line D9
being rendered TRUE, or an end-of-word potation is de-
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
rendercd 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 state to a FALSE state when line
SES is rendered FALSE; as a result, section 3 of the in-
struction register is incremented by a count of “1” in the
manner previously described.

It is therefore evident that line SES is rendered TRUE
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 contents 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
(13$) is rendered TRUE,; otherwise, line (134)’ remains
FALSE. 1If there is inequality between the contents of
sections 3 and 4 of the instruction register, the first-order
digit of the next word is magnetically read from the ledger
card and stored in the “J” digit-register, as before, a “CM”
word-cycle is again initiated, and the above-described se-
quence of events is again repeated. If, however, there is
equality between the contents of scctions 3 and 4 of the
instruction register, the state of flipflop 6698 (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 thercof 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, passes 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 iine 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—35 are closed and thereby render line (U)’
TRUE. With reference to FIG. 82, also when ¢oil CDR
is de-energized, relay contacts CDR—1 and CDR—Z 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 ouiput of gate 1770 simultaneously be-
ing rendered FALSE. With reference back to FIG. 83,
when line (P)’ is thus rendered FALSE, the state of flip-
flop 6123 is reversed, so that card-drive brake solenoid
CDB is energized. Consequently, when solenoid CDB is
energized, the ledger card is brought to a sudden standstill
in the manncr previously described with respect to FIG.
14. However, approximately 120 miiliseconds after sole-
neid CDB is energized, flipflop 6123 reverts back to its
initial state, so that solenoid CDR is thereby de-energized.

With reference to FIG. 82, when the state of flipflop
6122 (FIG. 83) is reversed, so that line P is rendered
TRUE, line ECC is also rendered TRUE, thus indicating
that the ledger card has been read. After the ledger card
has been read, the card is first reversed and thereafter
ejected from the carriage, or is thereafter properly posi-
tioned in the 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 ejected, line (I64)" is there-
fore FALSE, and, as a result, the state of flipflop 6494
remains unchanged, so that line MOU, hence line RED,
both remain TRUE. Therefore, with reference to FIG.
82, when line (U)’ is rendered TRUE due to the card-
drive relay coil being de-energized, armature current is
applied to card-drive motor CDM via gate 1771, so that
the direction of rotation thereof is reversed, thus driving
the ledger card outwardly from the carriage.

When the reversal spot at the top margin of the ledger
card leaves the junction of the leg members 371 and
372 (FIG. 17), photocell PCB is again energized, and line
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B (FIG. 83) is again rendered TRUE. Also, when the
trailing edge of the ledger card passes over the aperture
of the paper guide 303 on its way outwardly from the
carriage, photocell PCC is de-energized, and line C is
thus rendered FALSE. 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-ener-
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 TRUE
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—5 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 thereby. 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 1618 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 PCC is de-energized and is extinguished each
time photocell PCC is energized. With refcrence now
to FIG. 82, as it has been assumed that tbe 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 effects 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 fiipflop 6124 is
reversed, so that solenoid CHP is energized and there-
after effects unlocking of the accounting machkine 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. 91A, 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 6120 is reversed, so that line (RF)’ is thereby
rendered FALSE. Howcver, 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 MBeg,
MB1, or MB2 is energized, depending upon the value of
the high-order digit stored in seciion 2 of the instruction
register, all in the same manner as previously described
in detaii. Consequently, a selected one of the upper, mid-
dle, or lower motor bars is automatically actuated and
thereby initlates 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 6672 is reversed,
so that line PCT experiences a TRUE-t0-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-10-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 flipflop 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 js thus rendered FALSE, the state of flipflop 6147
is reversed, so that line STD is rendered TRUE.

With reference to FIG. 91B, when line STD is thus
rendered TRUE, line TS5 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 openad:
the lower compression rolls are thereafter 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-
chine 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 “3” through
“7,” the state of flip flop 6854 (FIG. 91B) is reversed at
TIME-=1 after line EQC 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 simultancously 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 18i1 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
described with respect to FIG. 83, line B is rendered
TRUE when the photoccll PCB is energized. With ref-
erence to FIG. 85, when line B is thus rendered TRUE,
the lowermost reference input to flipflop 6146, as viewed,
is thereby rendered FALSE, and line MI4 is simultane-
ously rendered TRUE. When the lowermost reference
input to flipflop 6146 is thus rendered FALSE, the flip-
flop is thercafter properly cenditioned to be respensive
via line (Rg¢)’, to a predeiermined one of the negative-
going linefind impulses derived by linefind head 346
from the information previously stored in the linefind
channel of the magnetic strip portion of the ledger card.

Consequently, each time a negative-going linefind 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 1826. As a result, the state
of output line LFA experiences a FALSE-to-TRUE-to-
FALSE reversal of state each time 2 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 ceunt 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 scction 2 of the instruction register
is a “I" or a “5,” the R-counter is preset to a count of
“17; if the low-order digit in section 2 is a “2” or a “6,”
the R-counter is presct to a count of “2”; and if the low-
order digit is a “3” or a “7,” the R-counfer 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 RD
(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 discontinuity being detected, the state of line
DR likewise reverses from TRUE to FALSE. Conse-
quently, the R-counter is decremented each time a line-
find 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. 85, when the state of line (Re), is ren-
dered FALSE, the slate 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 s 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 energized for a period of
approximately 120 milliseconds and thereby causes the
ledger card to be brought tc 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 platen 241 (FIG. 19) by
means of the compression rollers 296 in order to main-
tain proper register thereof. In 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 instruction register, car-
riage-close solenoid Y is energized when line (EOC)’ is
thus rendered TRUE and thereafter causes the accounting
machine carriage to be closed in the same manner as
previously described.

It is to be noted, however, that, if a manual 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 (F1G. 17) are spring-urged into en-
sagement with the accounting machine platen 71, with
the lower edge of the ledper card firmly secured therebe-
tween, and the movable arm of the switch 545 (FIG. 82)
is deficcted to the position shown, so that line (G)’ is
rendered TRUE and line G is rendered FALSE, thus caus-
ing solenoid ¥ to be de-energized. When line (G)' is
thus rendered TRUE, the paper-gnide moter PGM is
energized and thereafter effects unlatching of the com-
pression rollers 286 (FIG. 19) from the card-handling
platen 241. After the unlatching operation is completed,
the paper guide 282 is spring-urged to the position shown
in FIG. 17, and the switch arm 336—33% (FIG. 82) is
effectively deflected downwardly to the position shown,
so that line E is rendered TRUE and line N is rendered
FALSE thereby. Also, after the unlatching operation is
completed, the plunger of switch 333 (FIG. 16) is re-
leased by the tail of member 329, so that the movable
arm of switch 333 (see 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 FALSFE, 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 solenoid CDR thus being
energized, relay contacts CDR-S are opened and thereby
cause paper-guide moter PGM to be de-energized. Simul-
taneously therewith, relay contacts CDR-1 and CDR-2
(FIG. 82) are 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 6118 is reversed, so that line
WOA is rendered TRUE thereby. 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 initinted
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in exactly the same manncr 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 shewn in FIG. 91B, when line STD is thus rendered
TRUE, line TS3 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 5 of the instruction regis-
ter is stored in the word-selecting register, thus terminat-
ing the sequence of events initiated in accordance with
an “ECW?” subprogram.

74. Detailed Description of SHF Instruction

In 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 register is a “2,” the
word stored in memory at the address specified by sec-
tion 3 of the instruction register is shifted to the left by
the number of digital positions specified by the wvalue
of the low-order digit stored in scction 2 of the instruc-
tion register, and, thereafter, the result is stored in the
address in memory specificd by section 4 of the instrie-
tion register; if the high-crder digit stored in section 2
of the instruction register is a “3,” the word stored in
memory at the address specified by section 3 of the in-
struction register is shifted to the right by the number of
digital positions specified by the 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 section 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 bigh-order digit in section 2 of the instruc-
tion register is a “5,” the word stored in memory at the
address specified by section 3 of the instruction register
is shifted to the right by the number of digital positions
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 “SHE” instruction.

Subinstruc-
tions

Step Description

Copy the next instroetion word into the in-
struetion register, the address in memory
of the pest instruetion word being indicated
by the contents of the word-—selecting register;
thoreafier, if 1the contonts thus rtored in sce-
tion | of the instruction regivteris “04," carry
out the subinstruetion lirled in Mep 2 of the
following SITF subhprogram.

Copry into address-A the word stored in mem-
ory st the address specified by seelion 3 of
the instruction replister, and, simoltanecnsly
therewith, v the word disit v dieit into
the “3" digit-register; ihoreafien, go oo ieg b
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Step Subinstruc- Description
tions

S I 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.

4o .. RILR-0-5._.._. Preset the R-counter to a count corresponding
to the low-order digit of section 2 of the in-
struction register; therealrer, go to Step 5.

I Re-0-18_ ____. If the R-counter is at a count of ¥0,” go to Step
18; otherwise, go to Step 6.

[ — W2-7-106. .. ___ If the high-order digit in section 2 of the in-
struetion register is a “2,”" go to Step 10;
otherwise, go to Step 7.

7ol Ti3-8-11_ - ... If the high-order digit in section 2 of the instrue-
tionregisterisa *“3,” go to Step 11; otherwize,
go to Step 8.

8o .. I4-0-12...__._ If the high-order digit in seetion 2 of the in-
struction register is a “4,” go to Step 12;
olherwise, go to Step 9,

9 o 5-0-14.____.. If the high-order digit in section 2 of the in-
struction register is a *5,” go to Step 14,

10.._.. SA(-0-16_.._| Shift the word of address-A one place to the
left; thereafter, go to Step 16.

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

12___..| OBM(24-13- If the state of ling OBM is TRRUE, go to Step

14, 14; otherwize, go to Step 13.

13..._. PROQ-14 Preret the K’ digit-register to “9”; therealter,
£o 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 80006060005 to the word stored
in address-A; thereafier, go to Step 12,

16, 5B(1)-0-17___.| Shift the word of address-B one place to the
left; thereafter, go to Step 17.

17 DR-0-5....___ Decrement the R-counter; thereafter, go to
Step 5.

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

10, . STD-5-*.__... Copy the contents of section 5 of the instruction
reglster into the word-selecting register.

Upon completion of the execution of the previously
initiated “M1” word-cycle, during which time the next
mstruction word is read out from the address in memory
specified by the contents of the word-sclecting register
and thereafter stored in the instruction register, if the
contents of section 1 of the instruction register thereafter
corresponds to the code designation for a “SHF” instruc-
tion (ie., “047), 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 “MI”
waord-cycle, the state of flipflop 6895 is reversed and line
OBM is rendered FALSE thereby. Upon completion of
the “Mi” word-cycle, the state of flipflcp 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 thereafter executed whereby the word stored
in memory at the address specified by section 3 of the in-
struction register is read out and stored in address-A.
Simultaneously therewith, the word from memory is
copied digit by digit into the “J” digit-register via gate
1418 (FI1G. 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 thereby
rendered FALSE,

If the tenth-order digit thus stored in the “I” 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 staie of
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line PR¢ when line STD is rendered FALSE at the begin-
ning of the “shift” subprogram. Consequently, linc OBM
is rendered TRUE thereby. !, however, the tenth-order
digit thus stored in the “J” digit-registcr has a value of
“2” 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, that line OBM is ren-
dered TRUE if the algebraic sign of the word read from
memory is positive and is rendered FALSE if the aige-
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 previousiy described
with respect to FIG, 68. Thus, if the R-counter is there-
after storing a “0,” indicating a “no shift” or copy opera-
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
TS4 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 memery 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 FIG. 93A, if it is assumed that the
word in address-A is to be shifted to the left, as indicated
by the state of line H2 being TRUE, the state of flipflop
6101 is reversed when line AN is rendered FALSE, and,
as a result, line SA is thus rendered TRUE. As previously
described, when line SA is rendered TRUE, 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 6103
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 6101 (FiG. 93A), where-
by the word in address-A is again shifted to the left by
one digital position. Thereafter, the R-covnter 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. 938, 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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rizht subcommands whereby the algebraic sign of the
word is not preserved; and a TRUE state of line H3 ini-
tiates a sequence of “SA” shiil 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
niore digital position. For example, if it is assumed that
it is desired for the word to bc shifted to the right by
two digital positions and then rounded to the nearest half-
cent (ie., the contents of section 2 of the instruction reg-
ister being “32"), the sequence of events for carrying out
this particular shift instruction is as follows:

Upon completion of ithe previously-initinted “MT” word-
cycle, the state of flipflop 6557 (FIG. 93B) is reversed,
and line MA is thereby rendered TRUE. Line MA, be-
ing rendered TRUE, initiates a “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”—is stored in the R-counter. Thus,
with reference to FIG. 93A, the ocutput of gate 1671 ex-
periences a TRUE-to-FALSE reversal of state upon com-
pleiien of the previous!y-initiated “MA” word-cycle. Con-
sequently, the state of flipflop 6101 is reversed, and line
SA is rendered TRUT, so that a “5A” subcommand is
thereafter exccuted, whereby the word in address-A is
shifted to the right by one digital position, After the
shifting operation is completed, the siate of {lipflop 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 TRU.
With reference to FiG. 93B, also when line SA 1s thus
rendered FALSE, line DR is likewise rendered FALSE.
Conscquently, the R-counter is decremented from a count
of “2” to a count of “1.” As the R-couster is now at a
count of ““1,” so that line R1 is TRUE, as the high-order
digit in section 2 of the instruction register is a “3,” so that
line H3 is TRUE, and as line 5B has just been rendered
TRUE upon completien of the “SA™ subcommand, the
state of fipilop 6973 is reversed upon occurrence of he
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” subcommand is thereafter exe-
cuted whereby the constant Q3¥X0G3083 is added to the
word in address-A. Upon completion of the “ARC” sub-
command, the state of flipflop 6878 is reversed by a
TRUE-t0-FALSE reversal of siate of line AN, and line
ARO is thus rendered FALSE. With reference to FI1G.
93A, when line ARO is thus rendered FALSE, the state
of flipflop 6181 is again reversed for the second time, so
that a second “SA” subcommand is thereafter exccuted,
whereby the word in address-A is again shifted to the
right by one 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 pricr 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 zt 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 Re is rendered TRUE,
the state of flipflop 6377 is rcversed, and line AM is
thereby rendered TRUE. When line AM is rendered
TRURE, line T84 is likcwise rendered TRUE.

Consequently, in response to lines AM and TS84 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
6187 is reversed, so that line STD is thereby rendered
TRUE. When line STD is rendered TRUE, line TS5
is likewise rendered TRUE. Consequently, a “STD” sub-
instruction is thereafter executed whercby the contents
of section 5 of the instruction register is stored in the
word-selecting register, thus terminating the sequence of
events executed in accordance with a “SHF” subprogram.

75. Detailed Description of CMA Instruction

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

Listed below in somewhat tabular form, and also graph-
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 menmory
inte the instruction register, the address in
mwenory of the next instruction werd heing
indicated by the contents of the word-scleet-
ing register; thereafter, if the contents of sec-
tion 1 of the instruction register is 05,
carry cut Step 2 of the following “CMA”
subprogram.

Clear the address in memory speeifled by the
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 instrue-
tion reeister are equal, go to Step 5; otherwise,
to to Step 4.

Increment section 8 of the {nstruetion register;
theresfier, go Lo Step 2.

Copy the contents of scetion 5 of the instrue-
lion register into the word-selecting revister.

Upon completicn of the execution of the previously ini-
tiated “MIi” 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 thereafter executed
inn 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 “M1”
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 ling AN is thus rendered FALSE,
line MIN is likewise rendered FALSE.

Reference 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” instructicn. As shown, when line
MIN expericnces a TRUE-to-FALSE reversal of state,
the state of flipflop 6082 is reversed, and line CM is
thereby rendered TRUE. When line CM is thus rendered
TRUE, line TS3 is likewise rendercd TRUE. Coise-
quently, a “CM”™ word-cycle is thereafter 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. 39, if the
countents of sections 3 and 4 of the instruciion register
are of equal magnitude, line (134)" is rendered TRUE;
otherwise, line (134)’ is rendered FALSE. Thus, with
reference back to FIG. 94, if it is assumed that line
(134)” is FALSE, indicating that a successively higher-
order address in memory is also to be cleared, the state
of line CM remains TRUE. When line AN subsequently
experiences a TRUE-to-FALSE reversal of state, line
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 thercafter 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. Detailed Description of MB Iustrictions

A “motor bar” instruction simply initiates selective
depression of a predctermined onc 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 opecration; 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,” Jower 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 instruction regis-
ter determines the position of the decimal point when
the word is subsequantly printed out. For example, if
the low-order digit is a “0,” a normal decimal point is
printed between the second and third order digits of
the word printed out; if the low-order digit is a “1,” a
decimzl 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 subjnstructions to which the computer is sequen-
t:zlly responsive in executing 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- Deseription
tions

1. MiI-G2 ... Copy the next instroction word from memeoery
into the instruction register, the address in
memory of the next retion wond ing
indiented hy the con sof the word-aclocts
ing register; thereall { the contents o -
tion 1 of the ingtroction register 84907, g0 to
Step 2 of the following subprogram.

2. RPB-0-3._ ... Upon depression of the restrme-program-har,
go to Step 3.

b - STD-5-* _____ Copy the contents of section 5of the lnstruet’on
register inte the word-selecting 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 RP! 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
rendeted TRUE, and, as a result, a “STD” subinstruc-
tion is thereafter executed, whereby the contents of sec-
tion 5 of the instruction register is copied into the word-
selecting register, thus terminating the sequence of events
executed in accordance with a “STP” subprogram.
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78. Detailed Dcescription 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 therecafter 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; thereafter, if the contents of sce-
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 termory specified by the contents
of seetion 2 of the instruction register, and
sirnuléaneousty copy the word, dizit by digit,
into the *J” digit-register; therealter, go to
Step 3.

Add to the word stored in address-A the word
stored in the address in emory speciiled by
the contents of section 3 of the instruction
register, and therealter store the sum back in
address-A; thereafter, go to Step 4.

Capy the word of address—A into the address
in memory sperified by the contents of see-
tion 4 of the instruction register; thercafter,
£0 to Step &. .

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

RAD-3-4._._.

AM-4-6..__

STD-5-*______

Upon completion 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., “08”), the state of line ADD is rendered
TRUE in a manner previously described with respect to
FIG. 56, and, as a result, an “add” instruction is there-
after executed in the following manner:

Reference is made to FIG. 97, wherein there is logical-
ly illustrated a composite circuit diagram of particular
portions of the computer circuitry utilized in execuling an
“ADD?” instruction. As previously described, upon com-
pletion of the previously-initiated “MI” word-cycle, the
state of line MIN experiences a TRUE-to-FALSE reversal
of state. When line MIN is thus rendered FALSE, the
state of flip flop 6§91 is reversed and line MA is rendered
TRUE thereby. When line MA is thus rendered TRUE,
line TS2 is likewise rendered TRUE. Consequently, a
“MA” word-cycle is thereafter executed, whereby the
word stored in memory at the address specified by section
2 of the instruction register is read out and stored in ad-
dress-A.  After the word is stored in address-A, line AN
experiences a TRUE-to-FALSE reversal of state, 50 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-IFALSE reversal of state, so that the state of flip flop
6097 is again reversed and line RAD is rendered FALSE
thereby. As a result of line RAD thus being rendered
FALSE, the state of flip flop 6077 is reversed, and line
AM is thus rendered TRUE. When line AM is thus
rendered TRUE, line TS4 is likewise rendered TRUE.
Consequently, an “AM” word-cycle is thercafter 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 6107 is reversed and
line STD is rendered TRUE thereby. When line STD is
thus rendered TRUE, line TS5 is 'likewise rendered
TRUE. As a result, a “STD” subinstruction is thereafter
executed, whereby the contents of section 5 of the instruc-
tion register is stored in the word-selecting register, thus
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. 1067],
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 memery
into the instruction register, the address in
memory of the next instruction word being
indicated by the contents of the word-sclect-
ing register; thereafter, if the contents of sec-
tion 1 of the instroction register is “09,” go
1o Step 2 of the lollnwing subprogram.

Copy into arddress-A the word [rom the address
in memory specified by the contents of see-
tion 2 of the instruction register, and sinul-
taneously copy the word digit by digit into
the “J7 digit-regisier; thereafter, go to Step 3.

Subtract the word stored in mermory at the ad-
dress speeified by the contents of scetion 3 of
the instruction regisier from the word just
stored in address-A, and thereafter store the
remainder back in address-A; thereafter, go
to Step 4.

Copy the word stored in address-A into mer-
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 instruc-
tion register into the word-selecting register.

MI-0-2. e

STD-5-*.__...

From a comparison of the flow diagrams relating to an
“ADD” and a “SUB” instruction shown in FIGS. 1071
and 107J, it is apparent that the two subprograms relat-
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-nombered 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 computer is sequen-
tially responsive in executing a “SUM” instruction:
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Subinstrue-
tions

Step Desceription

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
of section 1 of the instruction register is‘ ‘10,
zo 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 memory at the address specified by the
contents of section 3 of the instruetion regis-
ter; therealter, go to Step 4.

If the memory addresses specified by the con-
tents of sections 3 and 4 of the instruection
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 contents
of scction 2 of the instruction register; there-
after, go to Step 7.

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

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

AM-2-T___.__.

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 thereafter
corresponds to the code designation for a “SUM” instruc-
tion (i.e., “10”), 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
executed 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. If it is now assumed that the
contents of section 3 of the instruction register, after
being incremented, is equal to the contents of section 4
thereof, line (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 T32 likewise TRUE. In re-
sponse to lines AWM and TS2 being rendered TRUE, an
YAM” word-cycle is thereafter execuied, 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 AM is thus ren-
dered FALSE, the state of flipflop 6197 is reversed, and
line STD is thereby rendered TRUE; line STD, thus
being rendered TRUE, likewise renders line TSS TRUE.
In response 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 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 plarality
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, afier 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-
quentially responsive in executing an “APN” instruction:

Step Subinstruc-

tions

Description

MI-0-2._____. Copy into the instruction register the nevt
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 Step 2 of the following subprogram,

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

Copyinto address-A the word from the address
in memory as speeified by the contents of
seetion 4 of the instruction register, and,
stinultanecnsly therewith, copy the word,
digit by digit, into the “J” digit-register;
thereafter, go to Step 4,

Atdd to the word stored in adidres
stored in meimory ot the add
seetion 3of the instruction rog
£o to Step 4.

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

Decrement the R-counter; thereafter, go to
Step 7.

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

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

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

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

RLR-0-3._.._.

MA-44.___..

RAD-3-5..... A the word
ss specified by
Ister; theorealter,

AM-4-6..._..

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

Upon completion of the execution of the previously
initiated “MIE” 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 “AFPN" 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. 100, wherein there is iilustrated
a logical diagram of the particular poitions of the com-
puter circunitry utilized in executing an “APN" instruction,
when line MIN is rendered FALSE upon completion of
the previousliy-initinted “MI” word-cycle, the states of
flipflops 6491 and 6988 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 flipflop 6851 is again reversed, and line MA is thereby
rendered FALSE. When line MA is thus rendered
FALSE, the state of flipflop 60497 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” subcommaznd, line DR
experiences a TRUE-to-FALSE reversal of state and
thercby causes the R-counter to be decremented by a
count of “1.”

When line RAD is rendered FALSE, the state of flip-
flop 6077 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
TS84 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 result, 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 R¢ 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 execuied in response to initiation
of an “APN” instruction.

82. Detailed Description of MUS Instructions

The subprogram for a “multiply-and-shift” instruction
essentially 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 paosition 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 muitiplier 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 is concerned with the copying of the ten low-
order digits of the twenty-digit product back in memory
at the address specified by section 4 of the 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

Covy into the instruetion register the next
instruction word stored in n:emery at the
address specificd hy the contents of the word-
selecting register; thereafter, if the contents of
section 1 of the instruction register is 13,7
eo to Step 2in the following subprogram,

Preset the F-counter to “¢™; therealter, go to
Stap 3.

Preset the R-counter to **§"; thereafter, go to
Stepy 4.

Copy the word from memory into address
and, simultancously therewitl, copy
wortd dizit by digit into the “ 1 digit-reg y
the address of the word in memory being
specified by seetion 3 of the instruction regis-
ter; thereafter, zo to Step 5,

Preset the state of line ORBM te correspond to
algebraie sign of the word just read fronmimems-
ory therealler, g0 to Slep 6,

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

Complement the word inaddress-A therealter,
go to Step 8.

PFg0-3..-on
PRe0-4._ .-
MA-3-5..._.--

OBM(4)-0-6

OBM (2)-7-8_.
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Step Subinstrue- Description
tions

L S— CB-0-9._.....| Clear address-B thereafter, go to Step 9.

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

0. R8-11-15. ... 1f the R-counter is at a count of “8,”" go to Step
15 otherwise, go to Step 11,

1. PRS8-0-12_....] Preset the R-counter to “8" therealter, go to
Step 12,

120_... MA4-13_ .. Copy the word from memory into address-A
and, simultanconsly therewith, copy the
word digit by digitintothe «“J" digit register,
the address of the word in memory being
specified by section 4 of the instruction regis-
ter; therealter, go to Step 13.

13 OBN(4)-0-14__| Preset 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-
wise, preset the state of line OBN FALSE;
thereafter, go to Sten 14,

14 . JO-8~T - If the digit stored in the T digit-register is a
9.7 go to Step 7; otherwise. go to Step 8,

) 5 J— CAD-0-16____| Clear address-A; thereafter, to to Step 16,

16.__..| PRe-0-1T ... 1’rqe§nt ihc R-counter to “0"; thercafter, go to
Step 17.

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

ep 18.

18 ... IFD-20-19. .| If the digit stored in the F-connter iz equal to
the digit <tored in the digit-counter, go to
Step 19; ofherwise, 2o to Step 20.

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

20 ... Dg-17-21_____. If the digit-eountler is at a count of #9," go to
Step 21; otherwise, ro fo Step 17,

21 ... Re¢-22-24 . ___ If the R-counter is at a ecount of 0", go 1o
Step 24; otherwise, go to Step 22.

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

23 ... DR-0-21____.. Decrement the R-counter; thereafter, go to
Siep 21.

L S— SA(2)-0-25____| Shilt the word of address-A one place to the
right; thereafter, go to Step 25,

b1 S §B(2-0-26___.] 8hift the word of address-B one place to the
right; thereafter, go to Step 26.

26 Increment the ¥-counter; thereafler, go to
SBtep 27,

Ly Fle-17-28_ ___. If the F-counter is at a count of “10,” go to
Step 28; otherwice, go to Step 17.

28 . RLR-0-20..__. Presct the R—eounicr to a eount corresponding
to the low-order digit of seetion 2 of the in-
struction regivter; thereafter, go to Step 29.

20, ___ Re-30-41. .. ._ If the R-coumier is at a count of 0" go to
Step 41; otherwise, ge to Step 30,

30 H2-31-83..__. If the high-order digit of section 2 of the insirue-
{ion register isa 2, go to Step 33; otherwise,

. £o to Step 3L

F:} G— T3-32-35 ... If the hiph-order digit of section 2 of the instrue-
tion reglster is a “3,” go to Step 35; otherwize,
2o to Step 32,

32 IT4-0-36. ... Ifthe high-order digit of section 2 of the instrue-
tion register isa **4,” go to Step 36.

33.__.. SA(1)-0-34._..| Shifi the word of address—A one place to the
left: thereafter, go to Step 34,

34.___. 8B(1)-0-40__._| 8hift the word of address-B one place to the
left; thereafter, go to Step 40.

1 S R1-35-38...... If ithe Rl—counter is at a eount of *“1,”" go to
Sfep 38; ofherwive, go to Step 36.

36 SA(2)-0-37._..1 Shift the word of address-A one place to the
richt; thereafter, go to Step 37.

37 SB(2)-0-40.._.| Bhift the word of address~B one place to the
rizhl; therealier, go to Step 40.

- SR DAD-0-39____| Addthe eonsiant 0000000005 1o the word stored
in address-B; thereafter, to go to Step 39.

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

40 .- DR-0-20.___._ Decrement the R-counter; thercalter, go to
Step 20

[} S— OBM(2)- If the state of line OBM is TRUE, go to Step

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

42 .. CP31-3-43 Complement the word stored in memory at
the address sperificd by section 3 of the in-
struciion register; thereafter, go to Step 43.

43 . BAM-4-44_ _____ Copy the word of address-I3 into memery at
the address specified by seetion 4 of the in-
struction register; thereafter, go to Step 44,

44 . PR8-0-45__.__ Pre e4 the R-counter to a count of “‘8"; there-
after, go to Step 45,

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

46-47 47; otherwize, 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-selecting regisier,

Upon completion of the execution of the previously
initiated “MI” word-cycle, during which time the next in-
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struction word is read out from the particular address
in memory specified by the contents of the word-selecting
register and stored in the instruction register, if the con-
tents of section 1 of the instruction register thereafter
corresponds to the code designation for a “MUS” in-
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 TRUE, line TS4 (FIG. 102C) is likewise ren-
dered TRUE. Consequently, in response to lines AM
and TS4 being rendered 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 6086 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 PRg¢ (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. Censequently, 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 previously initiated
“MJ” word-cycle is that the F-counter was initially pre-
set to zero, and thus line RLM is TRUE only during that
time the count of the digit-counter is also equal to zero.
Otherwise, line (IFD)’, hence line RLM, remains FALSE.

As previously described in detail, a digit is stored in the |

“J” digit-register from memory only when line RLM
is TRUE. After the first-order digit of the multiplier
is stored in the R-counter, the state of flipflop 6066 (FIG.
102A) is again reversed, so that line MJ is rendered
FALSE thereby, If the first-order 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 MJ is thus rendered FALSE,
and, as a result, line RAD is rendered TRUE thereby.
When line RAD is thus rendered TRUE, linc TS4 (FIG.
102C) is likewise rendered TRUE.

Consegquently, in response to lines RAD and TS4 thus
being rendered TRUE, a first “RAD” subcommand is
thereafter exscuted, whereby the multiplicand stored in
memory at the address specified by the contents of sec-
tion 4 of the instruction register is read out and added
to the contenis of address-A. Upon completion of the
first “RAD” subcommand, line DR (FIG. 102C) experi-
ences 2 TRUE-t0o-FALSE reversal of state, so that the
R-counter is decremented by a count of “1.” If, after
being decremented, the R-counter is still at a count other
than “0,” 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 rcspect
to the first-order digit of the multiplier word has been
derived and stored in address-A, the state of flipflop 6097
(FIG. 102A) is again reversed, so that line RAD is
rendered FALSE thereby. As a result of 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 6161 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
TRUBE, 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” digit-cycle is thereafter
executed, whereby the second-order digit of the multiplier
word is read out from the address specified by section 3
of the instruction register and is thereafter stored in the
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. Thereafter, 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 shified cither to the
right or to the left by the number of digital positions
indicated b/ the contents of section 2 of the instruction
register, all in essentially the same manner as previously
described in detzil with respect to that postion of the
preceding description entitled “Description of SHF In-
struction” and also with respect to that portion of the
preceding description relating to the “SA™ and “SB” sub-
commands.

With reference to FIG. 102B, if the state of line
(OBM)’ was previously rendered TRUE, indicating that
the algebraic sign of the multiplier is negative, the state of
flipflop 65684 is reversed upon completion of the last “SB”
subcommand, during which time lines Flg and Re 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 flipflop 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 flipflop 6979
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 (o
a reversal of state of flipflop 6679, line T84 is likewise
rendered TRUE.

In response to lines BM and TS4 thus being rendered
TRUE, a “BM” word-cycle is thereafter exccuted, 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 thercby. With reference to
FIG. 102B, 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 prewously rendered TRUE, indicating
that the algebraic SJgn of the product is negatlvc the
state of flipflop 6084 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 exccuted, whereb
the product stored in memory at the addless specified
by the contents of section 4 of the instruction register is
complemented thereby. Upon completion of the just-
initiated “CPM” subcommand, the state of flipflop 6084
(FIG. 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 judt-
initiated “BM” subcommand if the state of line OBN iz
TRUE, indicating that the algebraic sign of the pr oduct 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, Wheaeby the contents
of section 5 of the instruction register is stored in the
word-selecting reglster, thus terminating the sequence 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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executing a “MDD” instruciion, the code number “327
is effectively utilized during the “shift product” phase of
the subprogram instead of the number stored in section 2
of the instruction register, as in the previously-described
“MUS” instraction. In addition, in executing a “MDD”
instruction, the address in memory of the multiplier is
specified by the contents of section 2 of the instruction
register instead of section 4, as in the executicn of the
previously-described “MUS” iastruction.

Listed below in somewhat tabuiar form, and also
graphically illustrated by the flow diagram of FIG. 1071,
is a step-by-step description of ihe various previously de-
scribed subinstructions to which the computer is sequen-
tiaily responsive in executing a “MDD” instruction:

Step Subinstrae- Doserintion
tions

1.__._.. MI-G-1________| Copy into the instroction register thg next
instruction word stored in memory the
address speeifiend by the eontonts of tho w.')rd-
selucting rogister; thereafter, if the ¢
of section 1 of the instruction rezisl

to 8tep 2 of the ﬁ)ll(mmz chtrodram,
b S PFa-0-3____._ the F-counter lo 0" thereafter, go to
3.
I S PRe-0-4.. ___ I’r(-wt th R-counter to “0%; thoreafter, oo to
Hten 4

4. MA-3-5..____ ythw‘ next word from memory into add
A, and, stmullaneously therewith. copy
word d:gxt by digit intd tha “J» Jjz
the address of the ne<t word in noing b
boiny speeified by the contents of vection 3
of the instroction register; Lhervaller, o to
Step 5.

[ OBA(4)-0-4 Preset the state of line OBM to corrosnond Lo
the alge ¢ osign of the word st read from

3 thereafter, ga to Ml 4,

[ OBM{2)-7-8 e of line OB M iv TRUE, go to Stey
otherwise, go to Step 7

[ CPA-D-3_____ (‘omp!euuwll the wor! stored in addres;-A;

thereafter, go to Sten 8,

Clear address-13; there: ler, go to Step 9,

Copy the word stored in addressA mlo Menory
at the addres (’“1[‘10(1 by section » of the
instruction register, “n’" being n “37 if tha

R-countor i3 at a connt of <07 , and bein a

‘47 I the RR- munt\" is at a count of “u°
herealier, ©o to Step 10,

CB-0-9.__._..

10, __ . R%-11-15 If ths R-counter ix at n «rymf of “87, ¢o to
Step 15 otherwise, go to Sten 11,
1o PRy-0-12. . _ Preset the B-counter (o “87; thereafter go to

Ster 12,

120 .. MA-2-13_____. C 3,)y the next word from mmnnrv into address-
A, and, simuitancously therewith, copy the
word dizit by digit into the “J* ’11['lt register,
the address of the next word in memory
being specificd by thie eontents of section 2
of the instruction register; thereafler, go to
Step 13,

13.....] OBN{(4)-0-14_.| Preset the state of line OBN TRUE if the
algebraic sign of the word just read from
mesmory corresponds to the state of line
OBM; otberwise, preset the state of lise
ORBN FALSE; thereafter, go to Step 14,

14 . JO-8-7___ ... If the digit stored in Lhie “J°" digib register is a
“9°, go to Step 7; otherwise. go to Bten 8,

15 ... CAL-0-15.__.] Clear u{tlrv : llwre ifter, ga tn Sten 16,

6. ... PR¢-0-17 Preset the R-eomer to “07 ; thereafter, go to
Step 17.

17 .| AB(U-0-18.__| Increment the digit-counter; thereaiter, go to
Step 1§

18 | IFD-20-19....| If thv{ digit storod in the F-connter is eqgnal to
the digit stored in the <11"ut counter, €0 to
Step 19; otherwise, go to Step 20,

19. ... RLM-3-20_.__| Store in thu R- uv‘ntcr the digit whasa divital
position is spee ificd by the Pwomter and

; 3 i by tlie

( Lo G-

Aol DY-17-21____ aeonnt of 8, go to
pise, To Lo Ston 1;

2. Re¢-22-24 _____ a con: 1t ol 4, go to Btep

P NN RAD-4-23_ . vxord st Jml m mmn:»r* at the address

mel by seetion 4 of the instraction
ter to the word sbtored in address-A;
i fter, go to Btep 23,

Dy rununt the L-counter;
Btep 21,

Shirt the word of adidre
right; therealter, ¢

Shift the word a
the rcmfh“r, 20 1o Biep 2

ornent the F- :m‘utvr ‘therea

thiereafter, £o to

ome place to the
e to the right;

fter, 7o to Siep

Ao Flg-17-28.____ It the F-connter is at a count of “107”, go to
Step 28; otherwise, oo to Step 17,

28 PR2-0-20 . __| Preset the R-counter to a count of “2"; there-
after, to Step 20,

20 Re-30-35.__ . I the Reconnter is at a cormt of 07, go to Step

34; otherwise, £o to Step 30.
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tions

30....- R1-31-33_ _.___ If the R-counter is at a connt of “1”, go to Step
33; otherwise, g0 to Step 31,

<3 S 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; therealter, go to Step 34,

34._... ARO-0-31___.. Add a word of all zerog to address-A; thereafler,
go to Stop 31.

- T— 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, ga to Step
38, 38; otherwise, go to Step 37.

k. 7 SO CPM-3-33.._.| Complement the word gtored 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 memory at
the address specified by the contents of sec-
tion 4 of the instruction register; thereafter,
go to Step 39.

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

40__._ OBN(2)-41- If the state of line 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 5 of 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 (i.e., “127),
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 Rcounter 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
thercafter 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 0000000001 being added to the con-
tents of address-B upon completion of each subtraction
operation. After the word in address-A becomes less than
the divisor, the contents of addresses A and B are each
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-
jcally 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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Subinstrue-
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 contenis
of section 1 of the instruction register is '*14,”
go to Step 2 in the following subprogram.

Prsetsct ;he R-counter to “o’"; thereafter, go to

ep 3.

Copy the word from memory into address-A,
and, simultaneously therewith, 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 0OBM 1o eorrespond to
the algebraic sign of the word just read from
metory; thereafter, go to Step 5.

If the state of line OBN 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 to 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; thereafter, 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 ward
digit by digit into the “J” digit-register;
thereafter, go to Step 12.

Preset the state of line OBN TRUR 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," po to Step 6; otherwise, go to Step 14,
Subiract the word stored in memory at the
address specified by the contents of section 4
of the instruction register from the word

OBM (4)-0-5__

OBM(2)-6-7__

OB-0-9__.

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

OBN({4)-0-13_.

stored in address-A; thereafter, go to Step 15,

I the 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 st the address
specified by the contents of section 4 of the
instruction register to the word stored in
address-A; thereafter, go to Step 18.

Decrement the R-counter; thereafter, 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 to Step 21,

Shift the word stored in address-B cne digital
position to the left; thereafter, go to Step 14,

Copy the word of address-B into memery at
the address specified by the contenis 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 séetion 4
of the instruevion register; thereafter, go to
Step 25.

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

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

Re-20-22. _._.
SAM-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
anstruction 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 6891 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.
Simultaneously therewith, the divisor is copied digit by
digit into the “I” 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 “I” 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 gf 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. It is evident, therefore, that the state of flipflop
6981 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 PRS
(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
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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 “y
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 6096 is reversed, so that line OBN is rendercd
TRUE thereby. However, if the algebraic signs of the
dividend and of the divisor are of opposite signs, the state
of line OBN remains FALSE. Thus it is evident that
the state of line OBN is rendered TRUE if the algebraic
sign of the dividend corresponds to the algebraic sign of
the divisor, and is rendered FALSE if the algebraic sign
of the dividend does not correspond to the algebraic sign
of the divisor. Also, if the algebraic sign of the dividend
just read from memory is negative, so that line J9 is
rendered TRUE, the state of flipflop 6083 is reversed
upon completion of the previously-initiated “MA” word-
cycle, and line CPA is thereby rendered TRUE.

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

With reference to FIG. 103 A, the state of flipflop 6180
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 flipfiop
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 6109 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, thercfore, 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; ie., 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
fliptlop 6101 is again reversed, so that line SA is rendered
FALSE thereby. When line SA is thus rendered FALSE,
the state of flipflop 6103 is reversed and line SB rendered
TRUE thereby. In response to line SB being rendered
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 arc both
reversed, so that lines RAD and RSB are thereby ren-
dered TRUE and FALSE, respectively. In response to
lines RAD and T34 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 PR8 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 it is
assumed that line (OBN)’ was previously rendered
TRUE, indicating that the algebraic sign of the quotient is
negative, the state of flipflop 6084 is reversed upon com-
pletion of the previously-initiated “BM” word-cycle, and
line CPM is rendered TRUE thereby. As line CPM is
thus rendered TRUE, line TS4 (FIG. 103A) remains
TRUE. Thus, in response to lines CPM and TS4 being
TRUE, a “CPM” subcommand is thereafter executed,
whereby the quotient now stored in memory at the ad-
dress specified by the contents of section 4 of the instruc-
tion register is read out and complemented, and the com-
plement thereof stored in the memory address specified
by section 4 of the instruction register. Upon completion
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 stored 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:
Step Subinstrue- Deseription

tion

1. MI-0-2. ... _. Copy into the instruclion 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.

2. MA-2-3_____..] Copythe next word from memory into address-
A, and, simultaneously 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 instruoction register; thervcalter, go to
Step 3.

k- OBM{4$)-0-1_ .| Preset the state of line OBM to correspond to
the algebraie sign of the word jnist read from
memory; thereafter, go to Step 4.

[ SR MI-3-5...... Copy the word stored in memory at the ad-
dress snecified by the contents of section 8 of
the instruction register digit by digit into the
“J digit rezister; thereafier, go to Step 5.

[ OBN(4)-0-6.__] 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. )

[ FR. OBN(1)-8-7___| Ifthestate of line OBN is TRUE, go to Step 7;
otherwise, zo to Step 9.

[P RSB-3-8...___ 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,

[ EAS-11-10.__.] If the algebraic sign of the ditference is positive,
go to Step 10; otherwise, go to Step 11,

| OBM(2)-11-10.} If the state of llne OBM is TRUE, go to Step
10; otherwise, go to Step 11. .

10...__| STD-4-*______ Cony the contents of section 4 of the instruction
register into the word-selecting register,

"o STD-5-*...__. Copy the contents of section 5 of the instruction
register into the word-selecting register.

Upon completion of the execution of the previously
initiated “MI” word-cycle, during which time the next
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., “157), 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 6095 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

“MI” 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

exccuted 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 memory is copied
digit by digit into the “J” digit-register. Upon comple-
tion of the “MA” word-cycle, if the tenth-order digit of
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 sign of the word just read from
memory is positive, so that line (J9)’ is TRUE, the state



3,112,394

217

of flipflop 6095 is reversed just prior to completion of
the previously-initiated “MA” word-cycle, so that line
OBM is rendered TRUE, indicating that the algebraic
sign of the word just read from memory is positive.

Upon completion of the previously-initiated “MA”
word-cycle, as indicated by line MA being rendered
FALSE, the state of flipfiop 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” digit-register 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 TS5 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. Censequently, 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 6100 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-

10

20

40

50

G0

70

75

218
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 execuiion 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:

Step Subinstruc- Description
tions

1...-. MI-0-2......_. 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
scetion 1 of the instruction register is “16,"
g0 to 8lep 2 in the following subprogram.

D MA-2-3...C Copy the nest word from memory into address-
A, and sinmltancously therewith, copy the
word digit Ly digitinto the* <1 digit-register,
the wldress of the nest word from memory
being speciiied Ly the contents of scetion 2
of the instruetion register; thereafler, go Lo
Step 8.

3 RSB-34...... Subtract the word stored in memory at the
address specified by the contents of seetion 3
of the instruetion register from the word
stored in Address-A; thereafter, po to Step 4.

4 - ODN{(1)-6-5_._] If the state of line OBN is T'RUE, go to Step §;
olherwise, go to Step 6.

|5 STD-4-*_____. Copy the contents of section 4 of the instruetion
register into the word-seleeting register,

[ STD-5-*_.... Copy the contents of seetion 5 of the instruetion
register into the word-selecting register.

Upon completion of the execution of the previously
initiated “MI” word-cycle, during which time the next
instruction word is read out from the particular address
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 6180 is reversed, so that lines RSB
and TS3 are both rendered TRUE thereby. Consequent-
ly, a “RSB” subcommand is thereafter executed, whereby
the word stored in memory at the address specified by



3,112,394

219
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. 56,
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 unit 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 #86, 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” js 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 6687 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 contents 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 clapses 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 the 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 6661 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 taps
is brought to a sudden standstili. 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 instruction 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 AT 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 AI
is thus rendered FALSE, the state of flipflop 6095 is also
reversed, so that line OBM is rendered TRUE thereby.
In response to line (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 register is
stored in the word-selecting register. In addition, line
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PTF is rendered FALSE and line PTS is rendered TRUE
as a result of line ROS being rendered FALSE. Conse-
quently, the forward braking mechanism is again ener-
gized in a manner such that the paper tape is brought
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. Consequently, 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 60898 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.

Tt 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 encrgization of the reverse
braking mechanism, whereby the tape is brought to a
sudden standstill,

Finally, it is assumed that the paper tape mechanism is
in a rewinding cycle of operation when the “EPT” instruc-
tion is first initiated and “00” is stored in section 2 of the
instruction register. As before, the state of flipflop 6098
is reversed and line ROS rendered TRUE when line MIN
is subsequently rendered FALSE upon completion of the
previously-initiated “MI” word-cycle. When an alter-
nate-instruction symbol is thereafter detected, the states
of flipflop 6098 and 6095 are both 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 6197 is
reversed, so that lines STD and TS4 are both rendered
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.

10

15

20

25

30

40

45

50

55

60

65

70

75

226

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 218 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-
sponse te 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, as viewed in FIG. 44B, through an angular dis-
tance of approximately 126 degrees from the position
shown, the contacts of switch SC49 are closed due to
the engzgement of the cam 592 with the actuator there-
of. Closure of the contacts of switch SC49 completes
the circuit through solencid 147 (FIG. 86) and thus
effects energization thereof. With reference to FIG. 13,
as a result of solencid 147 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-
Iy until 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 simultaneous!y 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 147 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 L47 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 Mo. 2,922,141, issued January 19, 1960. The tape-
punch control circuitry, the rear form bar circujtry, 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 L47, 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 selecied one of the totalizers of the ma-
chine, all in the same manner as previously described
with respect to the “EKW,” “POW,” and “MB” instruc-
tions, so that the aligner bar 72 (FIG. 3A) is in engage-
ment with the aligner notches formed on the lower end
of the member 58. Thus, with reference now to FIGS.
3B and 9, when the solenoids L45 and 1.46 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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bers 184 with the camas 205, 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 $§92. As a re-
sult of the releuse 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, solenocids 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-
grees, 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 swiich
SC42 are thus closed. When relay solenoid K1 is ener-
gized, contacts Ki—1 are opened and thereby cause a
300-ohm 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—5§
are opened and thereby cauvse relay solenoid X3 to be
de-energized, comtacts KI—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 switch
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-
Ei’f;; shown and described in detail with respect to FIG,

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
FI1G. 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 X35 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 K5 thus being energized, a symbol repre-
senting an opposite algebraic 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 negalive
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 roiated 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 angular 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 solencid K5 remains
encrgized 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, Sp1—S¢2, S11-—312,
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 PW¢.
Immediately thereafter, the word stored in memory ad-
dress “gg” is read out and stored in the instruction regis-
ter, and the particular cycle of operation dictated by that
particular instruction word is thereafter executed. When
push button S11—S1Z 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 0000009900. 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 ¢¢
through 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-
vy 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, 511—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—S12, 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, AT1—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—AT? 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 {amps in columns #1 and #2 are
simultaneously illuminated 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 5 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.
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Instruc- Mem-
tion Literal instruction ory Instruction snd
word address data words
symbol localion
ROC._...| Records words on ledger 50|63 00| 70| 85 01
card.
SUP.....| 8hift clock nember iwo Bl | 04142 958 | 05
tlaces to the right.,
SHF.._..| 8hift clock number eizght 204528 85|95 | &3
places to the left.
CFE.__.| Determine if the exception 5311695162167 B4
alert dizit is equal to zero.
SHY.___. Copy ferty heurs into teni- 4104 |00| 60 257 05
porary storaze address.
Withholding tax exemption 83100 | 00| 00|13 00
factor; i.e., $13.00,
Wit.’c\rholding lax rate; ie., 5 00| 00| 00]00] 18
189%.
F.I‘C.;.A‘rate;i.(!‘,2.5%“_,, 57100 | 00|00 |25 00
F.LC.A. maxinnan; ie, 58 100 | 00| 00 3120} 00
$120.00.
City tax rale; ie., 0.5% . .___ AG L0000 00|05 0D
Constant of 40 hours________ 60, 00: 00500140 0D
Check npumber advance 61100 | 000001} 00
factor; i.e., 1.
Constant 0" .. .- 62 100 0000|001 00
Overlime factor; le., 1.5, .. 63 1 00 | 0D | 06 | 01 50
CMA....| Clear miscellaneous dedue- 64 ] 05| 00|98 |v8] 10
tion address.
POW.._.} Print tDut forty-hour con- 65| 0L 20| 60|60 €6
stant.
MB.._.. Move aceounting machine 661 00| 43 80| 96| 64
carriaze to column #11,
CFE._.._. Determine if exception alert 67 | 16|05 | 68} 0% ) €9
digit is equal to “1.”
Constant “1" . ____________ 68 1 10| 00 | ¢0 ] 00 00
EKW___| Enter regular hours and GO [ 0D | 40| Y5166 64
overtime hours into key-
bhoard.
EKW.._| Enter last check number 70106010093 64 T1
and prozram number into
keyhoard,
SHT ... Shift the program number 71|04 | 42104 |85} T2
two places to the right.
ADD..__| Add program number to 7210819513131 73
contents of address-31.
CMA._._| Clear accumulation ad- 7300500 |8 |92 OL
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.
F.I.C.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.
Program No.
Temporary Storage.
Temporary Storage.
Temporary Storage.
Temporary Storage.
Temporary Storage.

The instruction words initially stored in memory ad-
dresses 7¢ through 73 are utilized only one time in the
program; ie., 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 illustrated 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—ATZ (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 0000009909, and, in addition, enter-keyboard-
words lamp “EK” (FIGS. 1 and 2) is illuminated to
provide a visual indication to the coperator that the com-
puter is now properly conditioned 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 ¢g 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 thereby causes the word-selecting regis-
ter to be preset to “00.” Immediately thereafter, the
instruction word in address-¢¢ is read out and stored in
the instruction register, In response to a “04” thus being
stored in section 1 of the instruction register, a shift
instruction (SHF) is thereafter executed whereby the
word stored in address-pg is simply read out and copied
back in address-¢¢ and the contents of section 5 of the
instruction register—i.e., “70"—Iis thereafter stored in the
word-selecting register in the same manner as previously
described. Immedizately 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 50238, is indexed into the keyboard and the resume-
program-bar subsequently depressed. As a result, the
word 000030230 is stored in address-93, 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-924,
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 stered in the in-
struction register, a “SHE” instruction is thersafter exe-
cuted whereby the contents of address-94 is shifted two
digital positions to the right, and the result—ie,,
0000000003 —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., CGO00000003—is added to the word stored in
address-31—i.e., 0897818131—and the result—iee.,
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 instructicn word stored in
address-31; thereafter the instruction weord 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 aund stored in the instruction register.

Due to the fact that the two-decimal-digit number now
stored in section 1 of the instruction register is 02,7
enter-card-words lamp “EC” (FIGS5. 1 and 2) is itlumi-
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 deduction, 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 cbove-mentioned card
words are magnetically picked up one after the other and
stored in memory addresses 7¢ 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 iafor-
mation of the magnetic ledger card was not accurately
read into the computer, the word stored in address-¢l is
subsequently read out and stored in the mstruction regis-
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ter. Thereafter, 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-
tien 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 point, 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 wvarious 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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92. Signal Origination and Destination Chart
Signal Origination Destination

Shown below in the following chart is an alphabetical

listing of the various signal lines shown throughout the
logical diagrams, wherein the number in the center col-
umn corresponds to the figure number of the origination
of that particular line; and wherein the number, or num-
bers, in the right-hand column corresponds to the logical
diagram figure or figures to which the particular line is
connected as an input line.

Signal

Origination

Destination

(Al-A2)
AAD

(BeL-BdL)_
{BaM-BdM

83

62B

528

&3, 63, 70, 71

?[23, 73,74,75,77,79

76,77
60,71

60,70

58, 60, 68, 73, 74, 75, 79

58, 68, 71, 72, 74, 75, 76, 77, 78,
79, 80,81, 84

58 68, 73,74, 45 77,79
53, 69,71,

60 67, 0 7

76,84

0
83,85
gg, 55, 58, 60, 67, 68, 69, 70, 71, 76

54, 55, 58, 60, 67, 68, 70, 71

64, 55, 58, 60, 61, 67, 68, 68, 70,
71,74,77

53, 57, 58, 59

60, 62

52B

61,62

60, 41

60, T
60 68,73 74,79

61
84

60, 62

61,64, 71, 76, 81

84 | 61,65, 84

60 61, 68, 69, 70, 71, 75, 76, 77,
79 84

55, 61, 71
55 58 60, 461, 62, 69, 74, 75, 77,

» Oy

67, 84
67

831 81,8385
6() 68, 71,74, 77, 78
60,7. 78

73 75, 77, 78 79
60, 61, 64, 09, 79
gg 71, 73 70, 76, 77,78, 79

60, 69, 73 74,77, 79
73 74,7
82’

53, 69, 74
53, 6{) 69, 73, 74, 79
6’

8] 83, 82
59 67, 69, 71, 75, 76
66’

59, 66, 67, 80

58, 66, 67, 80

53. 655 68, 61, 67, 69, 70, 74, 77,
61, 64 70

66’

63, 68, 72

63, 72

60, 69, 71, 74, 75, 78
62, 63

54, 61, 79

58

5[) 71,78, 74,75, 77,78

58, 60, 61, 68, 69, 71, 73,
76, 77, 70, 81, 82, 83
33, 68, 72, 76, 77

58, 60, 73, 74, 75, 78, 79, 81
64 g? 66, 82’

74, 75,

60 79
gg, 60, 69, 73, 75, 76, 77, 79

71, 81

75, 77, 78, 81

68, 74, 76, 79, 81

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

5861646.)15 76, 77
506

60, 69, 71

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

()1 69 75, :6 77,79
71 72,81,

61 62 l9

8L

70,78, 81
62, 70, 74,75, 78, 81
62,70, 78,81

62, 78, 81

77,79

82

83,85

82

65
64

58,59, 65

08 02 64

58 69, 74, 75, 76, 77, 79

58 59, 65
58, 59, 64
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Signal

Origination

Destination

Origination Destination

(l(‘m 160} -
16

[ R I ]

(RA(#—RAQ)
(Ra-Ed). _

59, 64

57, [T T T,
, 65, 68, 82

57, 85, 68, 76, 82

87, 04

56

54

75

56

68

80

58

61

74,76,77

60, 7

5301 54,71, 72
53, 41 72
54, 71,72

60, 7L
58, 61, 68, 69, 71, 74, 75, 76, 77
71

-

60, 69
61,72, 75,76,77,79, 81
82

70

70

60, 77

82, 83, 8

GQ 78, 7b 77, 81, 85
76, 11,81, 85
81, 85

81

68

72

79

85

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

55 Em, 58 60, 61, 61, 69, 72,
76, 77, 7

61, 69, 46 77

GS 74,75, 76, 77, 78

60, 68 Jl 73 74, 16, 77, 78,
80, Sl

60, 7

68, 74 75 76,77, 79

81, 84’

58 61, 69, 75, 76, 79, 82

55 5?3 (‘0 67, 68, 70 71

53, 56 2, 68, fO, 71 72, 73,
75, 17 48

75,

79,

74,

72, 81

68, 70, 73, T4, 15 6, 77, 81
71, 73, 74, 76, 77, 78, 79, 85
82, 83, 85

53

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

53, 54,73
55, 57, 58, 50
80

7
60:'971, 72, 73, 74, 75, 16, 71, 78,
(3

58 60

72

Input to Tape Reader Termi-
nal (FWD

Inpult(to Tape Reader Termi-
na

Input m 'l ape Reader Termi-
8nal (STOP)

68
68
64, 65
82

65

68,73, 74,75,76,77,78,79,85
4, "5 78

id 74,75,77,78,79

80

68

54
gg, 60, 68, 69,73,74,77,78

85
82, 83,85
81, 82, 85
74

69, 76,77

81

68

68

58, (‘1862, 89, 73, 75, 76, 77, 79,
52

60, 69 75, 76, 77, 79, 81, 85

77, .h 84

7 "8, 79, 81, 82

55, bl ﬁu, 63, 69, 71, 72, ™,
76, :7 78, 0 81
6

®
A

-1
o

]
53, 60, 69, 73, 75, 77, 78, 70
8

53,
62, 6%, 69, 70, 71, 72, 74, 75, 78,
%9

78, 85

7 08 61, 68, 75, 76, 77, 79, 85

.14 bO hl 64, 70, 71, 79

59 71, 79

62, ﬁb 70, 71, 73, 74, 75, V6, 78,
79

80

61, 64

58, 75, 76, 81, 84

76, 81

A[) 749, 81, 84

85, 76, 79, 81, 84

60, t)] 65, tl 73, 76, 78, 79,

£
’

58 60, 61, 64, 69, 73, 76, 79
44, 65

61’

65

82, 83,85

66

64

66

55, 61

72,74, 75, 76, 77, 18, 79, 80, 81
60, 66

52a

TH

(TI2-TI5) .
(T'32-T8H) .- 73
(W ¢o-Wed)

(W¢.a “Wad). 65
(Wla-Wid).
(\w.:,—men--

60
554, 528
65
(YD¢-YD9) . 524, 52B
(YG ¢~Y(}5) _
(Y(} o)

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 positionabie to dif-
ferent registering positions; means for differentially posi-
tioning said registering means; a storage device of a type
providing a plurality of addxessable 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 unigue
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 actuators 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 coperation 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 szid recording means for selectively im-
mobilizing each of said differential actuators in a differen-
tial position indicative of the particular kind of corre-
sponding order character indexed in 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 medjum; 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 informe-
tion to be stored in said storage device 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
for executing the particular computational operation on
said reproduced word manifestations as indicated by said
patiern of control; means for initiating a cycle of opera-
tion of said recording means; means operatively con-
neoted 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 computational 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
said 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 subscquent 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 medium along which a subsequent
printing operation is to be eflected.

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 obiaining access to any chosen 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 characicrs 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 opera-
tion, a plural order series of difierential actnators 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 said recording means, a
first differcntial stop means scttable 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 piurality of differential posi-
tions; means for providing information indicative of the
positions at which said actuators were differentially set;
means operatively connected to said information provid-
ing means and said read-write means for causing a word
marifesiation indicative of the differentialiy-set positions
of said actuators to be storcd 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-
neticaily recorded thercon, said means being capable of
positioning said medium in operative rclationship with
respect to said recording 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 selecting means and at a speed determined by
said magnetically recorded synchronizing information;
means settable to a predetermined pattern of control in-
dicative of a desired computational operation to be exe-
cuted; control means responsive to said pattern of control
and operatively associated with said read-write means and
with said address selecting means for effecting the repro-
duction of predetermined word manifestations from said
storage device, and inchrling 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 initiating a cycle of
operation of said recording means; means operatively con-
nected to said second differential stop means and to said
additional means for causing said differential actuators to
be immobilized at differential positions collectively in-
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 synchromizing 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 opecrational speed of said
signal reproducing means; synchronizing means opera-
tively connected to said signal reproducing and said con-
trol means for synchronizing the operational speeds there-
of; means for initiating a cycle of operation of said re-
cording means; means operatively connected to said sec-
ond differential stop means and to said additional mcans
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 subssquent 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 selected portion or portions of said
computational results synchronized therewith while ef-
fectively erasing the synchronizing and data information
previously recorded magneticaily 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 synchranizing information,
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