
































































































































































































































































































































































































































3,120,606

a7

accumulator is being used to store the independent vari-
able, the accumulator can be programmed to pick up the
I’P whenever it is desired io increase the value of the in-
dependent variable by one (see the illustrative problem
of Chapter VIII). In somc problem set-ups, an accumu-
Iator may receive from the S cutput termina!l of the prod-
uct, quotient, or two root accumulator, a complement
with respect to 9 in all decades instead of a 1010 comple-
ment (see Chapters V and V) and Sec. 4.3.1). Also, an
accumulator may receive a complement from a second ac-
cumulator shifted to the rizht en route so that the origi-
nal 1’P ncedzd to make a tens comnpiement (see Sec. 4.3.1)
is lost. The missing pulse, in either case, can be picked
up through a “receive-C” program.

4.1.3. Repeat Switch

The repeat switch N19 (found only on repeat program
controls) can be set to any number between one and
nine inclusive. The accumulator carries out whatever
operation i3 set on the associated operation switch as
many times as is specificd by the setting of the repeat
switch. Each repetition requires one addition time S0
that if the repeat switch of a control is set at r (1<r<9),
r addition times must be allowed for the program set up
on that control. The transceiver of a repeat program con-
trol emits a program output pulse at the end of » addition
times.

It is to be noted that if the clear switch N3 of a repeat
program control is set at C in connection with an O or
transmii setting of the operation switch, clearing of the
accumulator takes place but once, at the end of the sih
addition time. The setting C in connection with a receive
setting of the operation switch of a repeat program con-
trol causes the accumulator to pick up the 1’P in each of
r addition times.

If the number « is stored in one accumulator and the
number b is another accumulator, az=rb (where 1<r9)
may be formed in the first accumulator through the use
of a repeat program control on each accumulator, The

operation switch of the control on the first accumulator 4

should be set at a receive setting and the repeat switch,
at the value of ». The operation switch of the second ac-
cumulator’s control should be set at A (if 47D is to be
formed) or at S (if «—rb is to be formed) and the cor-
related repeat switch, at R>r.

In a similar fashion, it is possible to form a+bEr 1051,
In this case where the coeflicient of » has more than one
digit, shifters (see Sec. 11.3) are used to effect multiplica-
tion by powcrs of 10, Notice that if the cocflicient of b
has p digits, p program controls will usually have to be

uscd on the receiving accumulator but fewer than p may °

suffice on the transmitting accumulator. For example,
2345 may be formed in an accumulator through the use
of one program control (set-up to transmit additively 9
times) on the transmitting accumulator. Three program
controls must be used on the receiving accumuiator: one
set up to receive, say on «, 4 times; another set up to re-
ceive on B, 3 times; a third sot up to receive on vy, twice. A
shifter which shifts numerical data 1 place to the left
should be used at the g input terminal and one which
shifts numbers two places to the left, at the  input termi-
nal of the receiving accumulator. As an examnple of the
circumstances under which fewer than P program con-
trols suffice on the transmitting accumulator, consider the
case of forming 9985. This can be done by programming
the accumulator which stores b to transmit subtractively
twice and then addtively once and by programming the
receiving accumulator to receive twice thru an input ter-
minal without a shifter and once thru an input terminal
with a shifter that displaces data 3 places to the left (i.e.,
form 9985 as 1035—25).

4.1.4. The Significant Figures Switch

The significant figures switch N78 is a part of the
common programming circuits which function when the
accumulator transmits subtractively or when the accu-
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mulator clears. The significant figures switch has eleven
positions, 0, 1, . . ., 10. These numbers refer to the
number of significant figures, counting the decades toward
the right from the PM counter, to be retained in the ac-
cumulator.

If the significant figures switch on an accumulator is
set at a number, 5, for instance (0<<s<<10), when clearing
takes place, decade 10-s (i.e., the s} 15t decade from
the left) clears to five and all other decades to zero.
When a single accumulator is used, this means that the
accumulator is cleared to zero in all decades if its signifi-
cant figures switch is set at 10. If two accumulators
(see Sec. 4.4.2) are interconnected to form a 20 decade
accumulator, the setting 10 on the Ieft hand accumulator
causes it to clear to zero in all decades; the right hand
accumulator then clears in accordance with the setting of
its own significant figures switch. For example, if 11
significant figures are to be stored in the 11 left hand
decades of a 20 decade accumulator, the significant fig-
ures switches of the left and right band accumulators
respectively are set at 10 and 1.

The setting of the significant figures switch also de-
termines the decade place into which the 1'P is put when
an accumulator transmits subtractively. With the signifi-
cant figures switch of an accumulator set at s, the 1'P is
transmitted over the lead for decade place 11—s, 1e.,
the sth decade place from the left. If the significant
figures switch of an accumulator is set at 0, this means
that the 1'P is not transmitted when subtractive trans-
mission takes place. It is to be noted that the 1'P is
picked up and put into units decade of an accumulator
(which, in the case of 2 interconnected accumulators,
means the 20th decade from the left) when a “receive-
C” program control is stimulated regardless of the setting
of the significant figures switch,

Notice, that as far as rounding off a number in an
accumulator is concerned, the setting of the significant
figures switch provides only for getting the correct s
digits from the left. The significant figures switch set-
ting has nothing to do with deleting the non-significant
digits at the right. The operator provides for the de-
letion of non-significant figures by placing a deleter at
the output terminal or terminals of the accumulator
storing s significant figures (see Sec. 11.2). When print-
ing of an s significant figure result is to take place from
an accumulator and the non-significant fignres at the
right have not been deleted, deletion can be provided for
in the set up of the card punch plug board.

4.1.5. The Selective Clear Switch

The selective clear switch N79 (FIGS. 32, 33-A) has
two positions, SC and 0. When the selective clear signal
is transmitted from the initiating unit (see Chapter 1I),
all acocumulators whose selective clear switches are set
at SC clear; those accumulators whose selective clear
switches are set at O do not clear.

4.2. Common Programming Circuits
4.2.1. The Receive Circuits

The receive circuits cause the accumulator to add to
its present contents any ten digit signed number arriving
through the input plugs SV1 to SV3, This addition is
accomplished by opening the proper set of receiving gates
N81 (FIG. 33-C), and by providing for the carry-
over between the various decades.

Suppose that any activated program control has its
operation switch N2 set on «. This applies a positive
gate to SU1 (FIG. 33-B) through deck 3. The inter-
connector cable carries this to STI, then it will cause
tube N82 to conduct and turn off the inverter N83. The
positive gate from N83 opens the gate tubes N81 of the
alpha group (FIG. 33-C), and any digit or PM pulses
arriving at the plug SV1 will be transmitted into the
corresponding decade or the PM unit. Also, the positive
gate from ST1 will open the gate tube N84 allowing the
carry-clear gate (CCG) to be passed to the multiple in-
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verters N86 which give out a greatly amplified positive
pulse. The output from these inverters then opens the
carry gates NI14 and N15 in each decade. This carry-
over will be explained in detail when the numerical
circuits are taken up (see Sec. 4.3.1).

If the clear switch N3 is set on C (closed) and the
operation switch on alpha, then a negative gate will be
applied to inverter N87 turning it off and opening the
cates M17 and N1i7. This passes the 1’ pulse through
the interconnector terminals ST,14 and 15 and by-pass
16 into the first decade of the accumulator. This pro-
vides for the correction of negative numbers where some
of the last digits have been lost by the use of deleters,
as will be explained later.

4.2.2. The Transmit Circuits

Suppose the operation switch of an activated program
control is set at AS. Then a positive gate will be trans-
mitted through deck 3 to SU7 and be transferred by the
interconnector jumper to ST7 and the AS (add-subtract)
lead. Then it will open the gate tubes N21, N22, N23,
and N24. N21 will pass the cycling pulses (10P) to
the inverter N88 and the cathode follower N89. The
output of NB9 operates the buffers N81 (one adjacent
each decade), resulting in the decude being cycled from
whatever stage they may register at, through all ten stages
back to where they started. Gate tube N22 will pass the
9 pulses to the inverter N92 and the cathode follower
N93. From there these pulses go to the gate tubes N36 in
the decades and the PM unit N36’. Similarly, tube N23
will pass 9 pulses through N94 and N95 to the gates N35
of the decades and N385 of the PM unit. Tube N24
passes a 1’ pulse through the transmitter N46 in the PM
unit to the inter-conncction terminals SU,—ST-17.

From there it goes to the significant figure switch and
into one of the output terminals of the subtract output -~

SW, (at the extreme right of FIG. 33-C).

If the operation switch is set at A then through deck 3,
the cycling pulses (10P) after crossing terminals SU—
ST6, are passed by gate NI§ (FIG. 33-A), and the 9
pulses (9P) are supplied to the add gates N35 of the
decades and the PM unit by the gate Ni9. If the opera-
tion switch is set at S, then through the 3d deck the
cycling 10P pulses are passed by N26 and 9 pulses are
sent to the subtract gates N36 of the decades and N36’
the PM unit by gate N27; also, N28 provides the correc-
tion pulse (1’P). I the clear switch of the activated
program control is set at C then at the end of the opera-
tion (one addition time in the case of receivers and one
to nine addition times in the case of transceivers, depend-
ing upon the setting of the repeat switch), a negative gate
voltage will appear at SU9 and from ST9 it will turn off
the inverter N96 opening the gate N29. This passes a
carry-clear gate (CCG) to the clear tubes (1 to 10 in the
PM-Clear unit).

4.2.3. The Clear Circuits

For purposes of rounding off numbers the decades of
an accumulator are provided with clear-to-five circuits.
To the left of the PM unit in FIG. 33-A, is seen the signifi-
cant fipure switch N78. The setting of (his switch
determines which decade clears to 5. All other decades
clear to zero. For example, to round off to three
significant figures the seventh decade is cleared to five
before the number to be rounded off is put in the accumu-
Iator.

Inspection of a decade plug-in unit in FIG. 36 (A and
B) shows that clearing any stage in the ring is accom-
plished by a direct connection to the clear tubes 39’ in
the PM unit labeled “clear T,” and a return circuit labeled
“clear R” which returns to a suitable resistance (not
shown). The block diagram shows that all stages except
zero and five connect directly to the clear tubes and the
resistance, whereas, stages zero and five connect to four
decks of the significant figures switch (decks 1, 1A, 2,
2A). The significant figures swilch effectively reverses
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the connections to the zero-five leads in the decade (set
by switch N78) causing that decade to clear to five in-
stead of zero.

If an accumulator is stimulated to transmit and clear,
a signal from buffer N57 of receivers or buffer N71 (left
tube) of trancceivers is applied to gate N29 so that the
carry clear gate (CCG) is passed to the PM-Clear unit.
The clear al from the PM tubes goes directly to the
upper ceanections of stages 1,2,3,4,6,7, 8, and 9 in all
decades causing these stages to be flipped into the normal
ctate.  With the significant figures switch sct at s, the sig-
pal from the clear tubes is routed through deck 2A to
the upper lead of the zero stage in decade 10-S and
through deck 1 to the upper conncction to stage 5 in all
decades except decade 10-S. Decks 1A and 2 of the
significant figures switches are return circuits from the
flip-flops. Thus, stage zero is left in the excited state in
ail decades except decade 10-S in which stage 5 is left in
the excited state.

The clear signal arises by a carry-clear gate (CCG)
being passed by tube MN29 to the inverter N98 and thence
to the buffer tube 39" and amplifier tube group 39" in the
M unit. If the accumulator is being used with the muiti-
plier or divider this clear gate may be introduced direct-
ly into the PM unit as illustrated. The gate tube N29
will be opencd to pass a carry-clear gate in the following
cascs,

(a) If the ENTAC is to be initially cleared the initial
clear gate (YCG) arrives through the buffer N22, which
produces a gate pulse at gate tube 29 to open the latter.

(h) If the accumulator is set at N79 to selective clear
and the selective clear gate (SCG) is provided at the
initiating unit (see 2.4.), then the inverter N96 is turned
off by the signal from the buffer N101, opening gate N29.

{¢) Or, if the program control switch of an activated
program circuit is set to O, A, AS, or S and the clear
switch to C, then, at the end of the operaticn, a negative
gate appcars at ST® which turns off the inverter N%6
and opens the gate N29.

The ICG also clears the repeater ring N110 back to
stage one by gating a CPP at N74.

4.2.4 Interconnection Features (FIGS. 31, 32, 32-A and
B, and 33)

The outputs of the program conirol circuits appear at
terminals SU located on the front panels. Just above
these are the terminals ST. It is expected that the usual
plan will be to operate as a ten digit accumulator. In
this case a vertical jumper N-102 is plugged from the
terminal SU1 to the one ST1 (FIGS. 32 and 32-A) and
a load box N2¢3 is placed in ST2. This effectively con-
nects together the respective interconnector terminals SU
and ST located next to each other on the block diagram
FIG. 33. In case of twenty digit operation all the pre-
gram cenirols must operate in parallel; this means that
the load resistors for these circuits cannot be built in,
since what is correct for separate operation would not be
correct when they are operating in parallel. Thus, the
load resistors are on a unit which is plugged into the
front panel. Only one such unit is used with each ac-
cumulator or with each pair of accumulators when con-
nected to form a twenty-digit accumulator,

If two accumulators are to be interconnected to form
a twenty digit accumulator then the terminals SU2 and
ST2 of the left hand accumulator arc jumper-coupled
respectively to SUL and ST1 of the right hand one by
herizontal jumpers N104; SU1 of the left hand is jumper-
connected to STH of the left hand by vertical jumper
N102, and a load box N103 iz placed in ST2 of the right
hand accumulator as shown in FIG. 32-B. This makes
the carry-over from the tenth decade of the right hand
sccumulator go into the first decade of the left hand one
and the 1’ pulse {correction pulse) co into the first decade
of the right hand accumulator. The “10™ output of the
significant fgure switch of the left hand sceumulator goes
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to the input of the significant figure switch of the right
hand accumulator. The “0” output of the right hand sig-
nificant figure switch goes to the input of the units decade
of the left hand accumulator.

A list of connections for ten and twenty digit opera-
tion are given in Tables 4-2 and 4-3. Note that the PM
unit of the right hand accumulator is not used in twenty
digit operation.

TABLE 42—~VERTICAL INTERCONNECTOR CABLE

[ust one used for either a 10 or 20 digit accuinulator]

SUy STy

1 1 These connections enable any program control

2 2 cireuit to cause the common programming circuits

3 Z to make the accumulator receive on chanmnels.

4

) 5

B 6 )These connections enable any program control

7 7 circuit to cause the common programming eir-

8 8 cuiés tomake the accumulator transmit on A, AS,

or 8,

9 9 This conneetion takes care of the clearing action.
10 {0 ‘This connection provides for the correction pulse.
11 1
12 12
13 13 This connection in the ST: end takes the carry of

the 10th decade into the input of the I'M unit.
14_ .
15| {15
16— "T16) This conncetion takes the correction pulse trans-
17 _ 170 miited by the transmitter N45 in the PM-Clour
18 18] mnit to the input of the significant figure switch,

Terminal 18 isa ground connection in cach case.
Note that the load box plugs into terniins]l 8T and has jumpers which
connect terminals 14 and 16 and 16 and 17.  This takes the correction
pulse into the units decade input (units deeade of right hand accuniulator
in case of twenty-digit operation) and the 16 to 17 connection takes the
10" output of the significant switch to the units channel of the subtract
output.

TABLE 4-3—~HORIZONTAL INTERCONNECTOR CABLE

SU, ST,

1 1

2_ 2 |These conncctions canse any program control to
3__ 3 cause the two acemmulators to act in unison when
4 é receiving on « to e

5 :

8 6 ] These connections cause the aceurnulzators to act in
7 7 unison when lransmilting on A, AS, or d,

8 8

9 9 This connection causes the clear eircuits to act in

unison.

10__ _ 101 This connection allows any program contral fo 1'ro-

11 — 1] vide the corrcction pulse at terminal STsl4 of
cither accuniulator.,

12 12

13 13

14 14

15 15 TFor upper cable this connection takes the gutput of
the 10th decade of right hand accumulator to 1st
decade input of the left hand aceuirulator.

15, 18 This connection in upper eable takes “0” output of
signifieant fgure of right hand aceumulator into
the units chanmel of the subtraet outpul of the
left hand accurmulator.

17_ 17 This conneglion takes “10" output of Lhe signifiennt
figure switeh of the leit hand acemwator to the
input of the significant figure switch of the right
hand cecnmnulator.

18 18 Terinal 18 is a ground connection in all cases.

The connections 15, 14, and 17 serve no purpese in
the lower interconnector cable (between terntinuls
SUrand SUy).

4.2.5. Circuit for Admitting the I'P to Units Decade

A signal from the normally negative output of a
transceiver’s flip-flop, through a buffer N57 or N62 and
then passing through the clear correct switch and one of
the receive points on the operation switch reaches gates
N17 and Ni7’ (FIG. 33-C, right) after passing through
the inverter N87. These gates, when opened, aliow the
U'P to pass through to the vnits decade of the accumulator.

4.2.6. Repeater Ring Common to Repeat Progiram Con-
trols

The eight repeat program controls N7 on an accumu-
lator operate the 9 stage repeater ring circuit N116 in
commoit. A signal from the normally negative output of
the flip-flop N61 of such controls and then through buffer
N62 (right) opens gate N66 so that a CPP can reach the
repeater ring N110 to cycle it one stage per addition
time. When the ring reaches stage v, the output signal
from this stage, passing through a corresponding point
» on the repeat switch, causes gate N63 in the transceiver
to emit a signal. The signal from N63 opens gate N69
which passes a CPP. The resulting pulse resets the
transceiver’s flip-flop and passes through the transmitter as
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a program output pulse. The signal from gate Né3
through N71 {right) aiso opens gate N74 so that a CPP
passing through it clears the repeater ring back to stage
1 at the sume time as the transceiver is emitting a pro-
gram output palse,

4.2.7. Tray Structure and Use

Among the prime essentials of intercommunication be-
tween and among the units of the ENIAC are the digit
and program trays.

As shown in FiGS. 31-C and 31-A, respectively, both
the digit trays N111 and the program trays N112 are in
the shape of shallow elongated rectangular open pans of
sheet metal, eight feet long, 9 inches wide from front to
back and 1.25 inches deep. The sides and ends are verti-
cal walls of uniform height. When the trays are stacked
on brackets at the front of the ENIAC, one on top of an-
other, as shown in the elevations of panels of many of the
units in the accompanying drawings, the wires therein arc
actually shielded on all sides. There are from one to
nine digit trays stacked before the units of the machine
according to maximum need at given locations, and only
those needed for particular setups of the machine are
utilized. The uppermost one may have a cover if de-
sired. Each tray carries eleven parallel well spaced wires,
separated electrically from each other by insulation and
by vertical planiform sheet metal shields or partition walls
N1i13, extending longitudinally in the trays, the top edges
of which are at the same level as the tops of the sides and
ends.

Gang recepiacles N114 are mounted in the front walls
of both program and digit trays near their extreme ends,
each having 12 scckets to receive twelve-blade gang plugs,
Ni15, one at each end of jumper cables N116 by which
longitudinally aligned trays may have their wires mutually
connected to form eleven series-connected lines or busses,
and constituting trunk systems for program transmission
or trunk systems for transmission of digit pulses or for
transmitting the cycle of pulses from the cycling unit by
which the operations of the whole system are synchro-
nized, and which supply actual pulse origins when ad-
mitted to units by stimulated gates. One of the sockets in
each receptacle and one blade of each plug serve to com-
plete a ground lead.

The digit trays N111 have additional similar receptacles
Ni17 at intervals corresponding to the width of the pancls
(which are two feet wide). From the contacts in these
plugs taps N118 are extended to respective wires in the
tray, so that a jumper as Jast mentioned and of proper
length may be plugged into the front of the tray where
most convenient and into the appropriate receptacle (as
5V1, of FIGS. 32 and 33-C) of the panel, by which sig-
nals from the bus lines of the tray are cornmunicated to
respective terminals of the unit constructed on the panel.

The program tray N112 differs from the digit tray in
that only 12-gang plugs are used to connect the digit tray
to a panel unit, whereas the program tray must have pro-
vision for connecting any of its wires to an input of the
panel unit. For this purpose, instead of duplicating the

2-gang receptacles, as in the digit tray, a corresponding
number of groups of individual receptacles N119 are set
in the front wall of the tray, from which respective taps
Ni29 arc extended to respective wires in the tray. The
jumper N121 in this instance may comprise either a single
wire with appropriate plug on each end one of which is
inserted in the proper socket N119 of the tray and the
other in a similar socket (as, 5, 5, —12;, 12,, etc., FIG.
32, and SxSy, FiG. 51) on the panel, or two wires may be
used, with corresponding receptacles, one of which may
be a ground connection.

The wires of at least one digit tray are connected re-
spectively to the 10P, 1P, 2P, 2'P, 4P, 9P, 1'P, C.C.G.,
R.P., C.P.P. and S.C.G. output leads of the cycling unit,
so that this and its series-connected trays become the
“synchrenizing trunk” named from time to time in this
specification (see FIG. 29-B and Section III, 3.3, et seq.).
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The right-hand ends of {rays Niil and M1L2 (beyond
the break in the drawing) are depicted without the con-
ductors in order to better show the shiclding aad support-
ing members.

4.2.8. Plug-In Unit Details

Throughout the ENIAC the arithmetical units, the cii-
chits are so laid out and their parts asscmbled that co-
ordinated circuit groups of convenient size may be con-
nected into the system by means of plugs ME15 fixed on
the chassis 123 having not more than twelve blades (
set at each end of the chassis) except ina very fow cu
All of the blades may not be required in some cases, but
the same kind of plug is then mounted on the chassis to
cerve as an anchor or reiainer for the chassis, holding it
in place on the brackets of the panel. This kind of a chas-
sis may be seen in the plan and rear view illustraticn of
the decade plug-in unit shown in FIGS. 31 F-—31-G. Seme
of the plug-in unit chassis may be shorter than the decade
plug-in unit, and for the mounting of such shorter units
similar twelve-blade gang plugs are provided on cach cad,
and matching receptacles with proper cirenit leads arc
mounted in proper locations on the back of the panel.
The chassis for all of these plug-in units are similar in
being formed of sheet metal, and of rectanoulnr pan-like
form with vertical end walls and rear walls. They have
approximately the same depth from Lottem to top of the
walls, and measure the sarac in most instances from the
front wall to the back wall, but vary in fen h according to
the number of tubes and complexity of the circuits re-
quired. The decade unit includes not only the ring-of-ten
tubes N124, but also the asscciated pulse standardizer
circuit, carry-over circuits, and transmiiting circuits and
tubes shown in part at N125. This decade unit has 23
tubes, some of which are twin tubics, such as 65N7, the
triodes of which opcrate either as independent valves,
or in flip-flop relation, or otherwise, as required.

The plug-in units are supported on conventional
brackets, without permanent fastenings, so that any may
be manually removed for inspection, repair and testing,
and replaced by inserting the gang plug blades in the
corresponding sockets on the panel. The P-M plug-in
unit, (not illustrated) is somewhat similar to the decade
plug-in unit as to size of chassis, but requires only about
25 tubes.

It is a characteristic of all of these plug-in units that
the gang plugs are located at the front sides of the chassis,
at respective ends, and all of the tube sockets IN126 are
mounted in the rear vertical wall of the chassis on hori-
zontal axes. This permit the numerous assembly of plug-
in units to be assembled on the rear sides of the punels
in close superposed relation, with all of the tubes of
the whole machine exposed rearwardly in vertical zones
in the panels spaced from the rear covers of the panels
so that air may be drawn off at the upper ends of the
panels, and admitted through openings are suitable
locations in the back covers of the panel o as to impinge
effectively on the tubes for regulating the operating tem-
peratures. Jt also facilitates removal and replacement of
tubes without disturbing circuits otherwise, the plug-in
units remaining in their positions in most instances when
such tube replacements are reguired.

There are no openings in the bottoms of the chassis,
so that there is cffective shiclding of one plug-in unil from
tlie one next adjacent thereabove or therebelow in a panel
unit, as well as an approximately enclosing shield guarding
against external disturbance.

SZ8.

43, Numerical Circuits

43.1. General Description of a Decade Plue-In Unit
(FIGS. 33-C and 36-A — 36-B)

The pulse standardizer N3O (tubes N1$6, 187, 158 in
FIG. 36-A) consists essentiaily of four triodss (N--186
being a deuble triode 65N7. (Sce also FIG. 12 and detail
description thereof.) The output of tube N197 goes both
10 tube N16¢ and the gatz N33, The output of Wi
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goes directly to the decade ring. In the block diagram,
T1GS. 33-A and C, the small number just outside the
respective stages represents the digit corresponding to that
stage. After clearing, the ring is setting at zero (for a
detajled discussion of the operation of ring counter cir-
cuits, sce 1.2.5).

Receiving rumbers.—if five pulscs arrive at the digit
input they will pass through tube N166 (FIG. 36-A) of
the pulse standardizer N33 (FIG. 33-C) and step the first
ring N31 up to position five. Pulses will also go to the
gote tube N33 but will have no effect since the sccond
grid of that tube is negative, being connected to the now
negative output of the ninth stage of the decade ring.
Suppose that six more pulses arrive. Four of these will
step the ring up to position nine. The fifth will step
the ring from nine to zero and will pass through the
aate N33 setting the decade flip-flop N32 and turning the
inverter N199 off producing a positive pulse at gate N15.
Since the incoming digits arrive before the carry gate
(CCQG) goes on (see FIG. 2) this fifth pulse does not pass
gate N15. The sixth pulse steps the ring from zero to
onc. The carry clear gate comes on later in the addition
time, opening gates N14 and N15. Since the flip-flop N32
hes been set, the reset pulse RP (which arrives just after
the corry clear gate comes on) is passed by gate tube N34
through the inverter N111 and through gate N14 {o the
digit jnput of the next decade to the left, This is called
the delayed carry-over. The left decade having been
standing with stage 0 in registering state, is thereby stepped
to repister at stagc one. Thus, six plus five is now rcgis-
tered on these two decades as eleven.

Suppose that a decade registers nine, and a carry-over
arrives from the next decade to the right. This carry-
over pulse, besides stepping the left ring frem nine to
zero, also passes through gate N33 of the left decade,
turning off the inverter N169. This transmits a positive
pulse to gate N15 and since the carry gate is still on, there
is a carry-over pulse formed by gate Ni5 which enters
a third decade, next toward the left. This is called the
direct carry-over. If all decades register nine, ong mMay
have a sequence of nineteen such carry-overs in the case
of a twenty-dizgit accumulator so the carry gate has been
made sufficiently long to provide for this possibility, and
to aftain the carry-overs of nineteen decades while the
single CCG is effective.

Transmission of numbers—The above description of
a decade unit has been in terms of receiving numbers.
Now consider an activated program with the program
cwitch N2 set at AS, say. In this case the cycling pulses
10P are arriving at the digit input of each decade, there
is no carry-over, since the carry gates N84, etc., are not
cpen, and the nines pulses (9P) are arriving at the gates
N335 and N36 in the decades. As indjcated in the diagram,
normally (after initially clearing) gate N36 is open. Sup-
pose the decade registers the digit three. 'What happens
during the twenty pulse times of an addition time is
illustrated in the Table 4-4. Note, that the tens pulses
arrive 214 microseconds after the nines pulses; this gives
the decade ring 7% microseconds in which to step one
stage and also 7%2 microseconds for the flip-flop N32 to
be set. If the operation switch is set at A instead of
AS the only difference is that the 9 pulses do not appear
at gate N35 and the 1P is not provided. In case the
gwitch is set at S the 1P is provided at the significant
figures switch 34 deck and the 9P appear only at gate N36.
If the selective clear switch N79 is set to C then at pulse
time 10 the carry-clear gate appears at gate tube N29 and
the decades are cleared back to zero.

4.3.2. General Description of @ PM—Clear Plug-In Unit

The PM-Clear unit contains a binary counter N41 to
register the sign (P or M) of numbers. Since the binary
counter is much simpler than the decade counter the pulse
standardizer N44 therein may also be simpler. Thas, the
tube AG6 of FiG. 12 may be omitted and the ouiput
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taken from the plate Jead of tube A6 to the binary ring
N41. See Sections 1.2.11 and 1.2.12. Transmitters N43
and N44 transmit the sign indication ovur the add and
subtract outputs respectively. Transmitter N46 forms
a standard transmitter (see FIG. 14, Section 1.2.13) for
the 1’ pulse (used to give complements with respect to
10" instead of 10"—1, where r is the setting of the sig-
nificant figures switch).

An odd number of pulses arriving at the PM binary
counter will change its resulting position. An even num-
ber of pulses will leave it the same as it was to start with.
If the number registered by the accumulator is positive
and an activated program control has its operation switch
set to AS, then nine pulses will pass gate N36¢’. If the
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The transmission of sign indication is accomplished in
a somewhat different manner. The S and A gates, N36’
and N35’ respectively, of the PM unit are controlled by
stages P and M respectively of the PM counter. When a
positive number is stored in an accumulator which is
transmitting, a positive voltage from stage M holds gate
N36’ open so that the 9P are emitted over the PM lead of
the subtract output terminal; no pulses are transmitted
over the PM lead of the add output terminal since gate
N35’ is closed. 1If the sign of the stored number is M,
gate N36" remains closed and N35’ is opened so that
no PM pulses are transmitted through the subtract output
terminal, while 9 pulses are transmitted throngh the add
output terminal,

TABLE 4-4.—A AND S TRANSMISSION
{Accumulator stores 1> 0 000 000 007—Significant Agures switch 1s set at 10]

9P emitted over A

9P emilted over 8

As result of re-

Pulse time leads leads ceiving 10P ace. Cominent
PM 10 987 654 321 | PM 10 987 654 321 registers
7 | Program input pulse is received,
i
0 000 000 007
P 1111 111 118
P 2 223 222 229
P 3 333 333 330*| *Indicates that decade flip-flop !s
in abnormal state.
000 000 001 11111 111 110 P 4 444 444 401*
(00 000 001 11111 111 110 P 5 555 555 552%
000 000 001 11111 111 110 P 6 666 666 603*
000 000 001 11 111 111 110 P 7T 7T 77
000 000 D01 11111 111 110 D 8 888 888 885*
000 000 001 11 111 111 110 P 9 899 909 gag*
MR NHE kk
1 111 111 110 P 0 000 000 007
0000 000 001 [.______.___.____.___ P is emitted over the lead for
units deeade beeause =10,
....... | Reset pulse resets all deeade flip-
flops.
16

Programm output pulse

nitted 1f ropeat conteol 15 raod.  Recciver (of non-repeat control)
or lrausceiver (of non-repeat control) is reset.

registered number is minus, then nine pulses will be trans-

mitted through gate N35’ over the add output and none

will go past gate N36".

4.3.3 Operation of the Numerical Circuits in Transmit-
ting @ Number and/or Its Complement

When an accumulator is stimulated to transmit its con-
tents and/or the complement of its contents, the 10P are
routed simultaneously to each of the 10 decade ring count-
ers of the accumulator. Each of the 10P cycles the
counter one stage. Thus, if the stage corresponding to 7
is in the abnormal state before any of the 10P is received,
after receiving one pulse, the stage corresponding to 8
is in the abnormal state, and stage 7 not. After receiving
10 pulses, the stage corresponding to 7 is in the abnormal
stale again (see Table 4-4).

Meanwhile the accumulator changes the 9P into digit
pulses in the following way: Let d be the digit stored in
a given decade counter before the reception of any of the
10P. Then as the 10P are received, 9—d of the 9P pass
through gate N36 to be emitted over a lead of the sub-
tract output terminal. That one of the 10P which cycles
the decade counter from stage 9 to zero, also passes
through gate N33 and sets the dzcade flip-flop.  With the
decade flip-flop in the abnormal state gate N3¢ is closed
and N35 open so that the subsequent 4 pulses of the 9P
group are passed over the corresponding decade place
lead of the add output terminal. The first of the RP resets
the decade fiip-flop.

So far in this discussion mention has been made of
transmitting through the subtract output terminal the
complement of a number stored in an accumulator with
respect to 9 999 999 999. Complements with respect to
10! are provided by the accumulator’s transmitting over
the subtract output Iead corresponding to decade s from
the left (where s is the number of significant figures stored
in the accumulator), the 1°P.
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4.3.4 Operaticn of the Numerical Circiits in Receiving
a Number

The digit pulse received through the 11 input gates
(see Sec. 4.2.1) are routed simultaneously to the PM
counter and the ten decade counters. Each pulse a
decade counter receives cycles it one stage. The PM
counter receivers zero sign puises for a pulses for a posi-
tive number and 9 for a negative number. Fach pulse
received by the PM counter cycles it one stage so that the
reception of an even number of pulses leaves the PR
counter unchanged while the reception of an odd number
of pulses has the effect of cycling the PM counter to the
opposite stage.

If a given decade counter stores the digit d before
reception and p(9-d<p=10) digit pulses are received,
carry over takes place from that counter to the next one
at the left (whether the PM or a decade counter). So
called delayed carry over takes care of such carry-overs
which result from incoming digit pulses. If a given count-
er, ¢, is in stage 9 and there is a carry over from the
counter ¢—1, then, it is also necessary for carry over to
take place from counter ¢ to counter c--1. Carry overs
which result from carry overs in this way are effected
by a direct carry over process.

When a given counter is cycled to stage 9, a signal from
this stage opens gate N33 so that the next pulse received
by the decade (whether digit or carry pulse) not only
cycles the counter back to stage zero but also passes
through gate N33 and sets the decade flip-flop N32. In
delayed carry over, the decade flip-flop continues to re-
member that a carry over must take place but no further
action is taken while the digit pulses (the 9P and the 1'P)
are being received. The signal from the normally nega-
tive output of the decade flip-flop opens gate N34 so that
the reset pulse is passed (in pulse time 13 of the addition
time cycle). This pulse resets the decade flip-flop and
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also goes to gate N4, Now, in receive programs, the
receive programming circuits allow the carry clear gate
to reach and opun gate N14, so that the pulse from gate
N34 passes through to the next decade at the left.

The need for direct carry over arises after the first
reset pulse is emitted by the cycling unit (since it is this
reset pulse which gives rise to the need for direct carry
over) so that carry over resulting from carry over must
be treated differently. The carry pulse which passes
through gate N33 goes to gate N15. Since the carry
clear gate remains on for 7 pulse times, gate Ni5 is held
open by the CCG from line N111 to pass this pulse to
the next decade at the left. The carry clear gate, as a
matter of fact remains on long enough for a carry pulse
to proceed from units decade to the PM counter of 2
interconnected accumulators (with a safety factor).
Notice, that even in direct carry OVer, the decade flip-
flop is flipped into the abnormal state. The 2nd reset
puise which is emitted after the carry clear gate goes off,
resets the flip-flop in the case (see FIG. 2).

A number may be received in an accumulator so that
a digit appearing in the i decade of the transmitting unit
is received in the i decade of the receiving unit by con-
necting the digit output terminal of the transmitting unit

to some digit trunk by the standard cable for that purpose, *

and then connecting the same digit trunk to one of the §
digit jnput terminals of the receiving accumulator by a
standard cable. However, if it is desired to receive a
number transmitted from decade i of the transmitting unit
in decade I-+k of
may be either positive or negative), the number must be
passed through a shifter en route from the transmitting
to the receiving unit. It is usually most convenient to
plug ordinary shifters into a digit input terminal of the
receiving unit. A number may be shifted to the left either
by an ordinary shifter plugged into a digit input ter-
minal or by a special shifter plugged into a digit output
terminal. A number may be shifted to the right only
through an ordinary shifter plugged into a digit input
terminal.

Table 4-5 illustrates the way in which an accumulator
receives a number and also the delayed carry over process.

the receiving accumulator (where & :
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The term static is used to distinguish this kind of com-
munication between an accumulator and another unit
from the usual dynamic transmission in which an ac-
cumulator transmits d pulses for the digit 4 and the O or
¢th pulses for sign P or M respectively.

A unit which receives the static outputs of an accumula-
tor has an array of vacuum tubes corresponding to the
flip-flops of the counters in an accumulator. For ex-
ample, the ier selectors in the high-speed multiplier (see
Sec. 5.3) which receive the multiplier from the multi-
piier accumulator statically consist of a 10 by 10 array
of vacuum tubes. Each of the tubes in a column of the
array corresponds to one of the flip-flops in a decade
counter of an accumilator; each column in the array, to
a decade counter in an accumulator. Two standard 55
conductor cables (carried in the static cable trough which
runs ajong the tops of the ENIAC units) are used to de-
liver the static outputs of the accumulator which stores
the multiplier to the jer selectors. The normally negative
output of the flip-flop representing digit & in decade
counter ¢ is connected by one of the leads in these cables
1o the corresponding tube in the ier selectors. Thus, 100
of the 110 leads are used. An additional lead in one of
the cables goes from the flip-flop for stage M in the ac-
cumulator's PM counter to a tube in the high-speed multi-
plier which represents sign M of the muitiplier. In this
way, when stage d of counter ¢ is in the abnormal state
{because that counter stores the number d) the tube in
row d and column ¢ of the ier selectors is turned on.
The other tubes in column ¢ of the ier selectors do not
go on.

Similar connections are made to tubes in the printer
from the counters of accumulators which store data for
printing. In some cases data is printed from only 5
decades and the PM of an accumulator so that only 1
cable connects such an accumulator to corresponding
tubes in the printer. The master programmer also has
decade counters which are similar in some respects to the
decade counters of an accumulator. These, too, can be
connected statically to the printer.

In the case of the divider and square rooter only sign
indication is communicated statically from the accumula-

TABLE 4-5—RECEPTION INVOLVING DRELAYED CARRY OVER

{Acewnnulator stores M 3 §39 104 707 anil reevives 10 000 000 004

Acernnnlator Stores
After Receiving
1M 10 087 651 321

Acenmulator
Reeeives
M 10 987 051 321

Tulse Tine

Presg
ceived.

¢ 0 0o 000 00t
G 000G 000 001

104 TOU*

A g 832

3 6 0 000 000 001 M ¢ 832 104 T01*

Reset

Pukae.

1

inpmt

pnlse resels
ftip-flop and eanses carry

Conmnient

—

pulse  re-

*epnde flip-flop in abner-
mual state.

Carry-clear gite comes-in.

decade

TProprain ontput prlse emit-
: vopent control is used,
Lranm

control s

4.3.5. Static Communication Between an Accumulator
and Another ENIAC Unit

The high-speed multiplier receives its arguments and

the printer data to be prinied in static form from ac-

cumulators. The divider and square rooter also receives

information about the signs of the arguments statically.

70

-
i)

tors which storc the
nominator.

The length of time required for the information stored
in an accumulator to be communicated in static form to
another unit depends on the length of the leads from
the accumulator to the unit. Approximately an addition

numerator (or radicand) and de-
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time is required to turn on the tubes in the high-speed
multiplier and in the divider and square tooter because
the accumulators statically connected to these units are
near them. A somewhat longer time is required in the
case of the printer.

4.4, Use of Accumulators for Fewer Than or More Than
Ten Dipits

4.4.1. Use of an Accumulator To Store Two Numbers

In some problems it may be desirable to put em-
phasis on the number of different numbers which can be
stored in accumulators so that they will be readily avail-
able for computations rather than on the number of
significant figures carried in the computation. While the
accumulator has been designed to handle 10 digit num-
bers, it is possible to store in an accumulator two num-
bers with the same sign if their combined number of
digits is 10 or fewer or with different signs if their com-
bined number of digits is fewer than 10. In the first case
the PM counter is used for the common sign. In the
second case, one of the decade counters is used as a
PM counter for the purpose of registering sign indication
for one of the numbers with stage 0 represeitting sign P
and stage 9, sign M.

When the numbers are (ransmitted to other units for
computational purposes, they can be isolated from one
another by the use of special deleters, adaptors, and/or
shifters, It is to be noted, however, that if subtractive
transmission takes place from an accumulater storing two
numbers, only one of the numbers will be a correct tens
complement since the other will lack the 1’P needed to
make such as complement.

4.4.2. Interconnection of Two Accumulators To Form a
Twenty Decade Accumulator

Another option available to the operator is whether
an accumulator is to be used alone as a 10 decade ac-
cumulator with 12 program controls or as a 20 decade
accumulator with contrels for 24 programs. This option
resuits from the fact that certain of the accumulator’s
circuits have been left open at the accumulator’s inter-
conrector tetmminals (indicated in FIGS. 33A through
C by the symbol —[3[]—). The circuit so treated in-
ciude the receive, transmit, clear, and pick up the 1P
circuits, and the input to units decade and the carry
over input to the PM counter from decade 10. y special
connections of the accumulator’s interconnector terminals
ST and SU, (I, Ij,, Iz,. and Ip, in FIG. 32), these
circuits are closed in one way (FIG. 32A) to maks the
accumulator function as a 10 decade accumuiator and in
a different way (FIG. 32B) to interconnect two accumula-
tors so that they form a 20 decade accumulator.

If a single accumulator is used as a 10 decade accumula-
tor, the following interconnections must be made:

(a) Vertical interconnector cable N102 must be plugged
from interconnector terminal Ty, to Ir,-

{b) Load box MI103 must bz placed at intsrcennector
terminal Ip .

If two accumulators are to be used as a 20 decade ac-
cumulator, the required isterconnections are:

(@) Vertical intercennector cable N102 from Iz, to Ip,.

(b) Horizontal interconnector cables N104 from Iz, to
I'r, and from Ig, to I'p,.

(¢) Load box Ni93 at I'r,.

The significant figures switch of the lcfc hand accumula-
tor should be set to 10 and in the right hand accumulator
to s* where 0<C s'<C 10 if 105" significant figures are
desired. TIf fewer than 10 significant figures are desired,
ihe left hand switch is set to this number ard the right
hand switch to 10.

Fer a given program only 1 program control is used.
In reception, each accumulator receives its ten digits over
one of its 5 digit input terminals. If the standard jumper
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cable for interconnecting accumulators is used, each ac-
cumulater receives its 10 digits through the digit input ter-
minal on its front panel bearing the same designation
(a—¢) as the setting of the operation switch used to pro-
gram the reception.  Each accumulator transmits its digit
cutput through its own digit output terminals. In the
transmission of complements the 1” pulse is emitted over
the decade place lead of the last significant figure being
retained. The 20 decads accumulator clears to zero in
all decades except possibly one where clearing is to 5.
Clearing is to zero in all decades if both s and s’ are 10.
In “receive-C” programs, the 1’ pulse is put into the 20th
decade from the left.

More than 2 accumulators should not be interconnected
with one another as described above since the carry clear
gate does not last long enough to provide safely for direct
carry over across more than 20 decades; nor are the pro-
gram control buifers designed to operate more than 2 ac-
cumulators.

4.5. Hlustrative Uses of Accumulators
4.5.1. Dummy Programs

A dummy program is defined as one in which the
operation and clear-correct switches are set at O and the
repeat switch at r where 1<r<{9. Dummy programs
are always set-up on repeat program controls. The
dummy program has at least 3 important functions: (1)
conversion of digit pulses into program pulses, (2) delay
of a program pulse, and (3) isolation of programs from
one another.

To terminate a computation at the desired point we
make use of the fact that the complement of 9 in a decade
place other than that of the extreme right hand siznificant
figure is zero. Now, we stimulate repetition of the com-
puting cycle each time by the program output pulse of
a dummy program control whose program input puise is
derived from the digit pulse or pulses on the subtract out-
put lead for decade 10 of accumulator 8. As long as
the digit in the 10th decade is different from 9, this
contro! receives and therefore, transmits a program output
pulse which stimulates the iteration. When 9 appears
in the 10th decade, this dummy program control re-
ceives and, therefore, emits no program output pulse so
that the computation is terminated.

The question as to why the S digit output of the 10th
decade is delivered to a program control which does noth-
ing but transmit a program cutput pulse instead of being
delivered to one of the controis used for computing may
be raised at this point. The answer lies in the fact that
the digit pulses do not begin to pour out of the S output
terminal untii pulse time 1 in the addition time cycle.
This would mean that a computing program initiated by
a digit pulse would start after at least one of the 10P and

onz of the 9P had been emitted by the cycliag unit,
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Since these pulses play a vital role in cemputing programs,
such programs must be initiated before the digit pulses
are emitted. For this reason digit pulses may be used to
initiate computing programs only under certain restricted
conditions. Instead digit pulses should be converted into
a true program pulse through the use of a dummy pro-
gram and the computing program can than be initiated by
the program pulse which results from the dummy pro-
gram.

The above discussion regarding use (1) may be sum-
marized as follows: To ensure that units receive all of
the puises needed for arithmetic operations, computational
pregrams must usually be initiated by program pulses
occurring at the time of the CPP. Where the stimulation
of subsequent programs depends on digit pulses, the digit
pulses should be converted into a program pulse by being
brought to a dummy program control. The program
output pulse from the dummy program control can then
be used to stimulate computing programs.

The need for the second contribution ( delay) of dummy
programs becomes apparent in setting up a fairly compli-
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cated problem in which a number of programs are car-
ricd out in parallel.

Suppose that at some point in a computaticn one pro-
gram pulse is available to stimulate a multiptier pro-
gram control and also to stimulate the transmission of
the arguments for the multiplication program. Let us
suppose further that the same multiptier program coa-
trol is to be stimulated at some later time but that the
arguments for the multiplication prograni, this time, are
to be obtained in a different way. Qbviously, the pro-
gram pulse that stimulates transmission ¢f the arzuments
must be jsolated from the pulse that stimulates the multi-
plier program control for, otherwise, the units which
transmit the arguments for the first multiplication cannot
be suppressed from transmitting when the second multi-
plication program takes place.

The desired isolation can be provided for through the
use of dummy programs in the manner suggested in FiG-
URE 37. The lines which carry prograim pulses have been
labelled with program tray and line nuntbers for illustra-
tive purposes.

4.5.2. Magnitude Discrimination Programs

As mentioned in the opening paragraphs of this chapter,
the ENIAC is capable of discriminating between program
sequences by examining the magnitude of some numeri-
cal result. In this section cne possibie method of carry-
ing out such a magnitude discrimination program in an
accumulator is discussed.

Let us assume that the critical guantity upon whose
magnitude the choice of subsequent programs depends is
x so that when x<b, program Py is to be stimulated and
that when x==p, program P, is to be stimulated. The
magnitude discrimination program is possible because 9
digit pulses are transmitted for sign indication M and none
for sign indication P.

let us form the quantity x—b in some accumulator.
Then, using a special adapter, connect the PM lead of
the A output terminal of this accumulator to the program
pulse input terminal of one dummy program control and
the PM lead of the S output termina! to the program pulse
jnput terminal of a second dummy program control as
indicated on the schematic diagram of FIGURE 37-C.

Obviously when x<(b, a positive number is cmitted
over the S terminal and a negative over the A terminal
so that only dummy program control 1 is stimulated to
emit a program pulse. Similarly, when x>b, the number
emitted over the A terminal js positive and that over the
S terminal, negative so that onty dummy program centrol
2 js stimulated to emit a program pulse.

Even though both the number zero and its complement
are represented in the ENIAC by P 0 000 000 €00, the
case x=b (or x—b=0) can still be treated in the same
way as x>b (or +—h=0). For recall, when a positive
number is transmitted from an accumulator, the A cutput
gate of the PM counter remains closed and the S gate
opens to allow the 9P to pass to the PM lead of the S
output terminal. (Notice that when an accumulator
which stores zero transmits subtractively to a second ac-
cumulator, this second accumulator receives, at first,
M 9 999 999 999. Later, in the pulse time of the 1'P,
the transmitting accumulator emits this pulse so that the
receiving accumulator then stores P 0 000 GOO 000 after
direct carry over proceeding from units decade to the PM
counter has taken place.) These 97 received at the pro-
gram pulse input terminal of dummy program control 2
cause the emission of a program output pulse to stimu-
late Pg.

In a problem in which accumulators are not urgently
needed for storage or computational purposes, this set-up
of a magnitude discrimination program is satisfactory.
However, in general, this method has the disadvantage
that no numerical programs other than onc magnitude
discrimination program can be carried out in an aceumu-
lator so sct up, since both digit output terminals of the
accumulator are completely ussociated with the magni-
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tude discrimination program. The same magnitude dis-
criminaticn can be effccted without completely tying up
either digit output terminal of an accumulater if the
master programmer is used.
V. HIGH-SPEED MULTIPLIER

The high-speed multiptier finds the product of a signed
multipiicand with as many as 19 digits by a signed multi-
plier of p digits (p<<10) in p--4 addition times. This
high-spead is possible because products are obtained
throuah the use of a multiplication table rather than by
repeated addition, as was explained in Section 1.3.5 (Ele-
meatary Multiplication).

Not only does the high-specd multiplier find products,
but it also has facilities for controlling certain program-
ming features in accumulators associated with it: (1) It
can instruct the argument accumulators to receive and
clear or not clear at the end of the multiplication; (2)
it can signal the final product accumulator to dispose of
the product; (3) it delivers to associated accumulators
programming signals used in the multiplication process.

The following topics will be discussed in this chapter:

Sec. 5.1, program controls; Sec. 5.2, common program-
ming circnits; Sec. 5.3, numerical circuits; Sec. 5.4, inter-
relation of bigh-speed multiplier and associated accumula-
tors. Reference will be made to the following diagrams:
Front View oo FIGS. 38.
Front Panels o cmmeeo- FIGS. 39, 40 and 41.
Block Diagram - ————- FIGS. 42-A, B, C and D.
Interconnection of High-

Speed Muitiplier with As-

sociated Accumulators_—— FIGS. 43-A and B.

5.0. General Sununary

It is assumed that the reader has familiarized himseif
with the operation of the elementary muliiplier as de-
seribed in Sec. 1.3.5.

The high-speed multiplier operates in conjunction with
4 or, possibly, 6 accumulators (see FIG. 43). Two ac-
cumulators, the ier (multiplier) and jcand (mnultiplicand)
accumulators, store the arguments. The accumulaters
used for this purpose have the static outputs of their
counters connecied to the multiplier. Also, the PM-clear
unit is statically connected to the multiptier so that these
accomulators can be cleared by a signal from the multi-
plier at the end of a multiplication program and so that
the high-speed muitiplier may take proper cognizance of
the siens. If products having 8 or fewer significant fig-
ures are required, two accumulators are used for storing
the products which the multiplier emits in pulse form
through the digit output terminals on panel 3. These ac-
cumulators are referred to as the LHPP (left hand partial
products) and RHPP (right hand partial products) ac-
cumulators.  Where products of morc than 8 sigpificant
figures are desired, a pair of interconnected accumulators
may be used as the LHPP accumulator and another pair as
the RHPP accumulator. The role of the LHPP and RHPP
accumulators will be discussed in greater detail below.
Fitker the LHPP or RHPP accumuliator may be used as
the final product (FP) accumulator.

The high-speed muliiplier has 24 program conirols (3
on each of its 3 panels, see FIGS. 38 through 41) on
which can be set up 24 essentially different multiplication
programs. In 2 problem in which there are more than
24 basic multiplications, each multipler control can be
used on a number of different occasions with the aid of
the masicr programmer Of Sequences of dummy pro-
grams.

Each program conirol consists of a transceiver P1 with
program pulse input and output terminals (gererally in-
dicated at P2), muliiplicr (P3) and multiplicand (P4)
accumulator reccive switches, multiplier (P5) and
muliinlicand (P$) accumulator clear switches, a signifi-
cant figures switch (P7). and a produci disposal switch
(P9).  The argument accumulator receive switches (P3

and 4) enuble the operator to specify the digit input
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terminals through which the ier and icand accumulators
shall receive their arguments for a given program. The
significant figures switch (P7) setting determines into
which decade place of the LHPP five round off pulses
are transmitted for a given program. The setting of the
places switch (P8) determines how many of the multj-
plier’s digits are used for the program and, therefore,
how long the multiplicaton takes (see below and Sec.
5.2). Instructions for the transmission of the product
from the final product accumulator can be set up on the
answer disposal switch (P9).

The 24 program controls operate the common pro-
gramming circuit which include a 14 stage program ring
(P11) with associated gates, inverters and buffers, the
ier accumulator and icand accumulator receive circuits
with program pulse output terminals Re—Re and Da-De
on front panel 1 (also shown in FIG. 42-B), argument
accumulator clear circuits, the product disposal circuit
with program pulse output terminals A, S, . ., ASC
on front panel 3 (FIG. 41), and the argument accumu-
lator clear circuits.

The program ring P11 with its associated tubes clocks
the progress of multiplication programs. Gates P12 and
P13 which admit the 1’P and 4P are the round off gates.
Gates P14 operate in conjunction with the places switch
to terminate the program when the specified number of
places of the ier have been used and, in conjunction with
gate P16, to clear the ring to stage 13 at this time. The
program ring P11, ultimately, also controls a circuit for
correcting products if either or both of the arguments
are negative (see discussion below), the { and 7 receiver
circuits P17 which emit static signals to program the
partial products accumulators to receive, the circuit P18
which emits the F pulse to stimulate the collection of
the partial products in the final product accumulator, and
the reset circuits (generally indicated at P19) for the
program controls.

The outputs of stages 3 through 12, by means of the
buffer tubes P21, control the high-speed multiplier’s
numerical circuits so that multiplication by each digit
of ge ier takes place successively.

The numerical circuits consists of the gates of the
multiplier selector P22, the multiplication table P23, the
coding gates P24 which pass the 1, 2, 2, and 4P, and the
gates and the shifters of the multiplicand selector P26.
The multiplication table stores the products of numbers
between 1 and 9 by numbers between 0 and 9 by means
of a resistance matrix as is explained below. The table
actually consists of 2 tables, the tens and units tables,
used for storing the tens and units digits of these products
respectively. For example, the multiplication table
remembers the product of 4x9 by storing 3 in the tens
table and 6 in the units table, as was explained in con-
nection with the elementary multiplier.

The izr selector tubes are set up by the static outputs
of the ier accumulator counters. Fach column in this
array of tubes P22 is dedicated to 1 decade place of the
ier; each row, to one of the digits between 0 and 9.
When the program ring signals for multiplication by the
ier digit in a particular decade place, the activated ier
selecior gate for that decade place emits a signal to the
multiplication tables on one of the horizontal busses
connecting the two.
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Static signals for the products of all digits between
1 and 9 by the particular ier digit are emitted from the
multiplication table and converted into pulse form at the
coding gates P24. The products from the tens and units
tables respectively then go to the left and right hand
sets of gates of the multiplicand selector P26. These
gates are set up by the static outputs of the icand accumu-
lator so that only the products appropriate to the digits
of the icand are allowed to pass.

These partial products then go to the left and right
hand shifters P27. Each set of shifters consists of a 10
by [0 array of gates. The gates on each row are con-
trolled by one stage of the program ring and the outputs
of the gates are connected diagonally so that products
are shifted successively one place to the right as multi-
plication by the fer digits progresses from left to right.
The products are emitted from the 4 digit output termi-
nals on panel 3 of the high-speed multiplier with those
from the tens table being emitted by the terminals
labetled “Left Hand Acc. 1” and “Left Hand Acc. II” in
FIG. 41 and those from the units table, by the terminals
labelled “Right Hand Acc. I” and “Right Hand Acc. IL.”
The terminals identified by II and I respectively take
care of the digits for decade places 109~109 and 1010_1019,

Notice, that the high-speed multiplier transmits only
the digits of the product but not the sign. For positive
arguments, this results immediately in the correct signed
product. If either or both of the arguments are nega-
tive, certain correction terms are needed to produce the
correct signed products. From Table 5-1 in which the
correction terims for the various cases are tabulated, it
can be seen that whenever an argument is negative, the
product obtained from the multiplication tables must be
corrected by 10" times the complement of the other
argument. In the case where both arguments are nega-
tive, morcover, the sign of the product must be corrected.
The programming circuits (see Sec. 5.2) provide for the
last correction by causing the 1'P to be transmitted over
the PM lead of the digit ouiput terminal labelled “RH
accumulator 1.7 The programming circuits provide for
the other corrections by causing the emission of program
output pulses at the RS and/or DS output terminals
P28 (FIG. 42-B). The operator must interconnect the
multiplier with its associated accumulators so that these
pulses stimulate the corrections to take place (see Sec.
54).

To summarize the discussion of the previous pages,
mutltiplication of a 10 or fewer digit icand by a p digit
ier required p44 addition times. These addition times
are used for the following purposes:

1. Recention of arguments.
ﬁ Setting up of selector tubes and round off in LHPP accumulator,
X Ohtaining the partial products (eand)X (1 digit of the ler) suc-
cessively for the p digits of the icr.
o.p+2.

p+3. Correcling produets
are negative,

7-+1. Collecling the partial products so as to form the final product and
clearing of the argament accumulators.

in case either one or both of the arguments

Tables 5-2 and 5-3 offer examples illustrating the opera-
tion of the high-speed multiplier. Although either the
LHPP or RHPP accumulator can be used for forming
the final product, we assume here, as in FIG. 43, that the
RHPP accumulator is used for this purpose,

TABLE 5-1.—CORRECTION TERMS FOR NEGATIVE IER AND/OR ICAND
{R and D represent the absolute vatues of the ier and ieand respectively]

Case 1 Casce 2 Casc 3

Ier positive Ier and Xeand both negative

Ter negative
Icand negative

Icand positive

tion tahles,

Correction term needed.___._____
Correct signed produet.________ ..

Product obtained from multiplica-

P+(R)
M4-(10—1)
P+(100PR—RD)__

M-H1019(100—R) _ _
M+(105-RD) .

M+-(1010—R)

M-+(101— D)

P+1024- (RD —1010R — 1019D)
s A
P+(RD)

M1010(101— D) __
M4(102—RD).__.
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S.1. Program controls

Each of the high-speed multiplier’s 24 program controls
consists of a transceiver with program pulse input and
output terminals, argument accumulator receive switches
and clear switches, a significant figures switch, a places
switch, and a product disposal switch. Neons correlated
with the transceivers are shown in FIG. 33.

[
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accumulators are made and switches have been sct up
accordingly on the argument accumulators, the operator
does not need to provide the argument accumulators with
a separate program pulse to stimulate them to receive
whenever a multiplication is to take place. The one pro-
gram pulse which stimulates the performance of the multi-
plication also stimulates the reception of the arguments

TABLE 5-2—MULTIPLICATION OF M 8 198 630 400 BY P 2 800 000 000

Descriptinn of program:

Multiply icand hy 2 places of the ier
Tound answer off to 8 places
Clear jer and icand accumulators after multiplication
Transmit produet from final product accumulator

Ier accumulator Icand accumulator

B
LHPP Accumulator (I}

RIIPP and FP Accumulator (I)

Add, Time stores stores
PM 10 987 654 321 M 10 987 654 321 Receives Stores after receiving Reeeives Stores affer receiving
PM 10 987 654 321 I’M 10 987 654 321 I'M 10 987 654 321 PM 10 987 654 321
) FE T 2 800 000 000 M 8 198 630 400 M 8198 630 400 |- oo

0 0 000 000 050
1 011 100 600
0 607 642 030
M 7 200 0060 000

P 0 000 000 050
> 11 011 100 050
I 1618 742
M 8 818 T42

P 0 628 626 080
P 0 676 874 482

M 8 818 742 080
Program ootput pulse and produet disposal signal are omitted
Produet is transmitted from produet accummnlator

TABLE 5-3—MULTIPLICATION OF M 8 198 630 400 BY M 2 800 000 000

Treseription of Program:

Multiply icand hy 3 places of icr

Do not round answer off

Clear fer and ieand accumulators
Retain product in flnal produet acewnulator

Ter accumulator Icand aceumulator

LIIPP Accumulator (I}

RHPP and FP Accumulator (I)

stores
PM 10 987 654 321

Add. Time

stores
PM 10 087 654 321

Reecives
PM 10 937 654 821

Stores after receiving
PM 10 Y87 654 321

Receives
PM 10 987 654 321

Stores after receiving
M 10 987 654 321

M 8 198 630 400

M 2 800 000 000

1 011 100 000
0 607 642 (30
0 000 000 00O

1’ 7 200 000 000

P 1011 100 06
P 1 618 742 030 0 676 2
P 1 618 742 030 0 000 000 000 T 0 676 874 482
1P ¢ 000 000 000 M 0 676 874 482
I § 818 742 030 P 1 801 369 600 M 2 478 244 082
P 8 818 742 030 P 1296 986 121

5.1.1. The Multiplier and Multiplicand Accumulator Re-
ceive Switches

Each of the argument accumulator receive switches
P3 and P4 has the positions «, 8, v, 8, ¢, and 0. Asso-
ciated with the points a—e on the switch for the ier ac-
cumulators are the program pulse output terminals R.—
R, (FIGS. 39 and 42-B) and, for the icand accumula-
tor, D.~D,. If one of these switches is set at a receive
point, a program pulse received on a program input termi-
nal is retransmitted through the corresponding terminal
R-R, or D,_, when the program control of which the
switch is a part is stimulated. The operator scts up pro-
gram controls on argument accumulators so that a pulse
transmitted in this way will cause reception to take place
as specified.

The program pulse arriving at P2 through terminal 1/,
for example, turns the buffer P41 on, giving a negative
pulse through the switch, turning inverter P43 (e) off
(with the switch setting at as illustrated). This causes
the buffer P42 (¢) to conduct and the transmitter P44 (e)
gives a program pulse out of terminal R, located on the
front of panel 2 (FIG. 39).

The argument accumulator receive switches P3 and P4
have been provided in order to simplify the programming
of multiplications. Once the connections between some
or all of the terminals R—R,, DD, and the argument
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provided that they can both be received during the first
addition time of the multiplication. If, for example,
both the jer and icand are received directly from the con-
stant transmitter, the argument accumulators cannot both
receive their arguments in the same addition time because
the constant transmitter transmits but one number in an
addition time.

If an argument accumulator receive switch is set at O,
no pulse to stimulate reception of the corresponding argu-
ment is transmitied. The setting O is used for multipli-
cation programs in which the argument is held over from
the previous program {see Sec. 5.1.2) or in programs in
which it is desirable to stimulate the argument accumu-
Iator independently to receive its argument.

5.1.2. Multipliecr and Mudtiplicand  Accumulator Clear
Switches (P5 and P6)

Clear circuits in the high-speed multiplicr are connected
1o the PM-clear units of the ier and icand accumulators.
If an argument accumulator clear switch is set at C, the
high-speed multiplier’s clear circuits emit a clear signal
towards the end of addition time p--4 which causes the
corresponding argument accumulator to clear, In pro-
erams for which a clear switch is set at (, no clear signal
is transmitted to the corresponding accumulator,
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Depending upon the setting of these switches the fol-
lowing four possibilities arises:

Icand
Clear
Switch

Ier Clear

Switch Result

Neither multiplier or multiplicand ac-
cumulators clear,

An activated program causes inverter
P76 (3) to go off opening the gate
P70 (4). This gate passes the CC(
to the inverter 1’77 (2) which turns
the associated buffer P78 (2) on, the
output of which goes directly 1o the
clear tubes 2 to 10 in the P'M unit of
the nrultiplier accumulator.

In this case I76 (1) goes off opening the
gate P70 (1). The CCG turns off the
inverter P77 (1) which in turn causes
the butfer P78 (1) to eonduet, the out-
put of which goes directly to the clear
tubes of the multiplicand accumu-
Iator.

1ere Lhe inverter P76 (2) goes off open-
ing the gates I'70 (2) and (3). As
abeve, the clear gate'is passed into
the two sets of clear tubes in the re-
spective PM units,

(W O [
(@ Coeie (R

[ N B I, Co ...

@ Co Co .

5.1.3. The Significant Figures Switch (P7)

The setting of the significant figures switch determines
to which decade place of the LHPP accumulator 5 pulses
for round off are transmitted. If this switch is at 2859,
the five round off pulses are sent to decade 10—s of LHPP
accumulator I.  For s=10, the round off pulses are sent
to decade 10 of LHPP accumulator II. (Unless 2 pairs
of interconnected accumulators are used to receive thea
partial products, the round off pulses emitted for s— 10
are lost.) No round off pulses are emitted in a program
for which the significant figures switch is set at “off.”

The significant figures switch provides greater flexibility
in the round off options for the 24 programs than would
be possible if the only round off control available were
the significant figures switch on the final product accumu-
lator. If, however, the round off requirements on all mul-
tiplication programs are the same, the significant figures
switches of the multiplier program controls can be set at
off and the significant figures switch on the final product
accumulator can be set appropriately.

Notice that the setting of the significant figures switch
of a multiplier program control does not cause the final
product accumulator to emit the 1'P (needed for a comple-
ment with respect to 101%) when the product is disposed
of subtractively. Whether or not this pulse is put in, and
the decade in which it is put, depend on the setting of the

significant figures switch on the final product accumulator

(see Sec. 4.1.4). If a product is disposed of subtractively
in such a way that the 1’P is not transmitted by the final
product accumulator, the 1'P can be put in at the receiv-
ing accumutator (see Sec. 4.1.2).

5.1.4. Places Switches (P8)

This switch determines how many digits of the multi-
plier are used in the multiplication, Since the time re-
quired for a multiplication is n+3 where # is the number
of digits in the multiplier the time required for a problem
can be materially shortened if fewer than ten digits of
the multiplier can be used. With the place switch setting
at 8 (as illustrated) the multiplier ring will step to stage
10 using eight digits of the multiplier. The inverters
P87 (8) and P89 (10) being off, the gate P14 (10) will
turn the inverter P88 off and in the next addition time a
CPP will pass gate P16 and through the inverters P91 will
clear the ring to stage 13.

If the places switch of a program control is set at p
(where 2<<p<{10), the high-speed multiplier multiplies the
entire icand by the p left hand digits of the jer whenever
this program control is used. Such a program lasts p4-4
addition times and a program output pulse is emitted by
the transceiver p+4 addition times after the reception of
the program input pulse.
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5.1.5. Product Disposal Switch (P9)

The points A, AS, . . ., ASC on the product disposal
switch together with the program pulse output terminals
A, S, ..., ASC at the left of panel 3 of the high-speed
multiplier make it possible for this unit to direct the
transmission of the product from the final product ac-
cumulator,

Suppose that the product is finally collected in accu-
mulators 13 and 14. The setting of the product switch
determines what the pair of accumulators (operating as a
twenty digit accumulator) do with the numbers. Sup-
pose the disposal switch is setting on SC (as illustrated).
The program which started the multiplication set the flip-
flop (P56 in transceiver P1) and so opened the gate P30
in the transceiver, At the end of the multiplication the
reset signal arrives on line P78, passes gate P30 and turns
off the inverter P63. This turns on the buffer P72 giving
a negative gate through the disposal switch turning off in-
verter P71 (SC) opening gate P61 (SC). At the begin-
ning of the next addition time a CPP is passed through
the transmitter P79 (SC) to the terminal SC on front
panel number three (FIG. 41). Generally, the operator
will connect this output to the input of a program control
circuit on accumulators 13 or 14, say, and the correspond-
ing accumulator program switch will be sat to S and the
clear switch to C. If needed, the other outputs A, S, AS,
AC, and ASC, can be connected to the inputs of program
control circuits on accumulators 13 and 14 (or 11 and
12 if the product is collected here) and the corresponding
switches set accordingly.

At the end of addition time p+4 when the high-speed
multiplier program control emits a program output pulse,
a pulse is also emitted from the terminal A'S ..., o0r
ASC corresponding to the point at which the product dis-
posal switch is set. The product disposal program pulse
output terminals which are used should be connected to
program pulse input terminals on the final product accu-
mulator (see FIG. 43). Ifa product disposal switch of a
given program control is set at 0, the high-speed multiplier
does not emit a product disposal pulse when this program
control is used.

The program switches on the final product accumulator
may, but need not necessarily, be set so as to correspond
to the labeling of the product disposal terminal from
which the stimulating pulse comes. For example, if in
a given program it is convenient to dispose of some prod-
uct subtractively twice, and then clear and, moreover,
no multiplication program requires ASC disposal, then the
ASC output terminal can be connected to a repeat pro-
gram control on the final product accumulator set up for
subtractive transmission repeated 2 times with clearing,
Notice that with such a set-up the point ASC on the prod-
uct disposal switch no longer has the meaning transmit A
and S simultaneously and clear but, rather, the meaning
established by the set up of the program control on
the final product accumulator.

In a course like the previously described one care must
be exercised to prevent conflicting programs. Since dur-
ing the first two addition times of a multiplication pro-
gram, the RHPP accumulator has a completely non-
active role, product disposal lasting 2 addition times is
possible (with the RHPP accumulator used as the FP ac-
cumulator) even though a new multiplication program
is initiated when the product disposal signal is emitted.
If the product is disposed of repetitively r times (where
r>2), the next multiplication program must be initiated
no sooner than r—2 addition times following the product
disposal signal. It might also be mentioned at this point
that repetitive reception of an argument cannot be acconi-
plished through the use of the terminals R.R, or DD,
since the arguments must be received no later than the
end of addition time 1 of a program in order to allow
sufficient time for the selectors to set up.
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5.2. Conmmon Programming Circuits
5.2.1. Argument Accumulator Receive Circuits

A program input pulse delivered to a program control
is routed immediately through buffers (P39 and P41 on
program control 1, for example) to the argument receive
switches for that control. Each receive point on these
switches connects to one of § output circuits consisting
of buffer P42, inverter P43, standard transmitter P44, and
program pulse output terminal P46 (R,—R, or DD, on
front panel 1). The program output pulse transmitted
in this way is taken to a program control on the argument
accumulator to stimulate reception of the argument (see
Sec. 5.4).

TABLE 5-4—~CIRONOLOGICAL

[}
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step the ring until it arrives at stage one. When it rcaches
stage one P83 closes shutting off the CPP.

This mothod of initial clearing by stepping the ring to
stage one is used here since, as described below, the reg-
ular clzaring circuits operate in conjunction with the places
switch to clear the ring to stage 13 in the process of termi-
nating the multiplication.

The program ring is in stage 1 when a program input
pulse is received by some program control at the end of,
let us say, addition time zero. During addition time 1,
the argument accumulators receive their arguments (see
Sec. 5.2.1) and, at the end of addition time 1, the ring
cycles to stage 2.

OPRERATION OF 11G11 SPERD MULTIPLIER'S PROGRAMMING CIRCUITS

[Note.—It is assamed here that ten-deeads acenmulators avo used for the partial prodicts]

Add. Time | Stage of Event
for 2 digit Ring
mualtiplier Counter
In Ifigh Speed Multiplier’s progranning cireuits In associated accumulators
End of Add.
time:
[ I, ) B (1) Program input pulsc is reecived and re-transmitted to | (1) Sce addition time 1.*
ier and/or icand aceamulators,
) SRS ) S (1) Ring eyeles to stage 2at CI'P {ime. * Tor and icand accumulators receive arguments.
(1) 1P passed by P31 sels and r receivers ) LH.I(’_P %“dd RIIPP scewnalators’ “receive on™ cireuils
arc activated.
2 eeeeen b (2) 1D gated through P12 and 4P through P13 are delivered | (2) LHULPP aceumniulator receives Ave rountlofl pulses.
} to round-off gates.
1(3) Ring cyeles to $lage 3. oo eooan oo
(1) Signal from stage 3 opens ior seloctor 1000 place gates so {(] and 2) LILDP aceninulator receives tens digits of “ieand X
[ that multiplier tables are entered with first from the left firgt jer digit” in decade places 10 through 1 RIIPP
b: FOP— b S jer digit. 1 aceumulator receives units digits of “ieand Xfirst ier digit”
1(2) Signal from stage 3 opens shifter gates 40, . in decade places 9 through L.
(3) Ring cycles to stage 4 e ._
(1) Signal from stage 4 opens ier selector gates and shifter | (1) LILPP accmnulator receives tens digits of second 1.1,
gates, in decade places 9 through . RILPP accumulator receives
units digits of second P.I". in decade places 8 through 1.
(2) Signal from D14 (4) gates a VD through 1"32. ... (2) I’M counter of RILPP accumulatlor 1eceives VP if both
ier and icand are negative.
4 - F — (3) Signal from P14 (4) gates CTP through 33 to initiate | (3) Sce addition time 5.xx
RS and DS corrcetions if R andfor D are negative.
(4) Signal hom P14 () gates C PP through U'34 Lo provide | (4) LIIPP and RITPP accumulators’ “‘receive on” circuits
reset signal for 2 and r receivers, ecase Lo be activated.
(5) Signal from P14 (4) allows CPP to pass through 16 to
clear ring to stage 13.
(1) Signal o stage 13 allows CPP Lo pass through T3 | ** RS and/or DS corrections are made (sec addition time 4).
and P85 to the reset fip-Rops for program contrels 1-8 and
17-24.
R 1Boeees (2) Signal from stage 13 gates a CPP through D38 50 that T | (2) See addition time 6.%*
pulse is emnitied.
(3) Ring eycles tostage 14 oo e o
(1) Signal Irom stage 14 goes Lo reset gates of program con- | ***LIIPT and RI[PY are combined,
trols U-16 Lo reset these controls, All other program eon-
trols are resel hy signals from resct flip-flops.
[ I ) TR (2) Teand and icr aceunulator clear signals are emitted __o.. (2) Argument seeamulators clear.
(3) Program oulput pulse and product disposal signal are
enlitted.
(4) Ring cycles to stage 1
[ A Y S U SS Product is transmitted from final produet accumulator.

5.2.2. Program Ring and Associated Circuits

When a high-speed multiplier program control is stimu-
lated, the signal derived ultimately from the normaily
negative output of the flip-flop holds gate P47 open so
that a CPP is admitted to cycle the program ring P11 one
stage per addition time. The effect of signals from vari-
ous stages of the ring on the round off, partial product
receiver, complement correction, final product collection
(F pulse), and program control reset circuits arc discussed
in this section. Mention is also made of the effect of sig-
nals from the ring on the numerical circuits which are
discussed in greater detail in Sec. 5.3. Table 5-4 sum-
marized the chronological operation of the programming
circuits for the case of a 2 place multiplier.

Whenever a program control circuit is activated the
inverter P81 goes off opening the gate P47. This gaie
then passes central program pulses through the pulse
standardizer P82 to step the ring. Whenever the ring is
not at stage one the gate P83 is open. This passes central
program pulses to the inverter P84 and thence to the gate
P86. If the initial clear gate is on, the CPP pass P88 and

60

The timing is important here:

Pulse Mo ooeaeaan 1718100234567 801011 1213 14 15 16

CL1’ steps ring tosceond 1 Psets 47T 1 T arrives
stage reeeivers  start

10 catise

partial

prods. to

e reeeived

Thus, in one addition time the ring steps to the second
stage, the product accumulators are set to receive, and the
five pulses for the roundoff are put into the proper decade.
The CPP that steps the ring could not be used to operate
the receivers because of the time it takes for P31 to open.

A signal from stage 2 opens gate P31. The 1P passed
through this gate sets the f and r receivers early in addition
time 2. These receivers arc not resct until the end of
addition time p-+2 (see discussion helow). As long as
these receivers are set, a static signal is delivered to the
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{ and r terminals on front panel 3. These signals, brought
to interconnector terminals on the left and right hand
partial products accumulators (see Sec. 5.4.1.2), stimulate
the reception, through the « input terminal, of the round
off pulses (see discussion immediately following), the
partial products emitted during the succeeding p addition
times, and the 1'P to correct the sign of the product when
both the ier and icand are negative. Since the [ and r
signals are brought directly into the “receive on o” pro-
gramming circuits of the product accumulators, no pro-
gram controls need be set up to program the reception of
the partial products.

The signal from stage 2 of the ring also opens gates P12
and P13 so that the 1'P and 4P are passed. These five
pulses, used for round off of the product, are delivered to
the gates P48. Each of these gates is connected to a point
on the significant figures switches as indicated in FIG.
42-B. The normally positive output of the activated pro-
gram control’s flip-flop through inverter P49, buffer P51,
and point s on the significant figures switch, opens one of
these gates so that the round off pulses are emitted over
the lead for decade place 10—s of the left hand partial
products digit output terminal I or over the lead for decade
place 10 of the lcft hand partial products digit output
terminal II.

The output from stage 2 also goes to gate P31 which
gates a 1 pulse. This 1 pulse turns the inverter P21 off
and thence sets the two reccivers. The outputs of these
two receivers come to front of panel three. (Sze FIG.
41.) From there these gate signals will be taken by special
interconnecting jumpers to interconnector terminals STl
on accumulators 11 and 12 and accumulators 13 and 14.
Inspection of the accumulator block diagram (FIG. 33)
shows that this will cause the product accumulators to
receive the partial products over the input digit terminals
a. This is an cxample of a receiver located in one unit
operating the governing circuits of another unit.

In addition time 3, a signal from stage 3 through P52
and inverter P53 is applied to the ier selector gates for the
10th decade place and through inverter P54, to the shifter
gates P40 (Left-hand and Right-hand). In this way, mul-
tiplication by the first digit of the jer takes place with the
products being emitted on the leads for decades 10-1 of
the digit output terminal LHPP accumulator I and on the
leads for decades 9-1 of the digit output terminal RHPP
accumulator I, and for decade 10 of RHPP accumulator
1. Similarly, in addition times 4, 5, . . ., p+2, the
ring causes multiplication by successive digits of the ier
and the emission of the products shifted over one place to
the right each time.

Vhen the ring steps to stage three and P52 goes on and
inverter P53 off the gates are opened for the tenth digit of
the multiplier (gates 0-9 in tenth place). Depending
upon the value of the tenth digit of the multiplier one of
the lines through the multiplication tables will carry a neg-
ative gate (which will turn off certain pulse gates in mul-
tiplication table P23). At the same time inverter P54 will
go off causing the bottom row of gates in the two shifters
P48 to open. Thus, the tens partial product will feed into
accumulator 11 and the units partial product into decades
1 to 9 of accumulator 13 and decade 10 of accumulator
14, Notice that the units product is already shifted one
place to the right. Thus, when the right and left hand
products are collected at the end of the multiplication no
extra shifting will have to be done.

As the ring steps from 3 toward stage 12 the gates for
successive digits of the multiplier are opened and the gates
on corresponding levels in the shifters are opened.

If the place switch is setting on 8 (as shown) the inverter
P87 (10) is off opening associated gates P14 (10). When
the ring reaches stage 10 the inverter P89 (10) goes off
causing the gate P14 (10) to go on and the inverter P88 to
go off. This opens the gate P16 and at the end (pulse
time 17) of the addition time under consideration a CPP
turns the inverters P1 off clearing the ring to stage 13
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(this clear signal overrides the stepping signal which
would normally step the ring to stage 11). The output of
P88 also gates a CPP at the end of the addition time at
P34 which turns the inverter P92 off causing the receiver
flip-flops to reset. This causes the product accumulators
to stop receiving the partial products. The output of P88
also opens the gates P33 and P32. The CPP gated by
P33 ultimately gives a program pulse out DS if the muiti-
plier is negative and out RS if the multiplicand is negative.
If both multiplier and multiplicand are negative P32 gates
a 1’ pulse which finally goes into the PM channel to ac-
cumulator 13.

When the ring steps to stage 13 the inverter P93 goes
off and gates P35, P36 and P38 are opened. At the 14th
addition time P36 gates a CPP which sets a flip-flop caus-
ing programs 1 to § to reset. At the same time P35 like-
wise causes programs 17 to 24 to be reset. P33 gates a
CPP during the 14th addition time which will generally be
used to collect the right and left hand products. This
pulse is transmitted to terminal F on the front panel.
From there it will be jumped by the operator to a pro-
gram tray and then used to program transmission of the
left hand partial product, say, and the reception of this
left hand product by accumulators 13 and 14.

Stage 14 of the ring causes programs 9 to 16 to be re-
set. The ring is located on panel two of the multiplier, so
the gates P30 in transceivers 9 to 16 can be operated di-
rectly by the output of the ring. Since transceivers 1 to 8
are on panel one a special flip-flop P66 set by a CPP
during the 13th addition time (passed by gate P36 which
is opened by stage 13 of the ring) provides the reset sig-
nal.  Similarly, another flip-flop P67 resets programs 17
to 24.

From stage 14 the ring steps back to stage 1 and stops.
At this time the transceiver gives an output program pulse.

The places gates number P14 emit a signal on the co-
incidence of a signal from the normally negative output
of the flip-flop P56 and buffer P37 (right) passing through
point p on the places switch and a signal from stage p+2
of the ring. The signal emitted by one of these gates
terminates the multiplications by successive ier digits,
causes complement correction to take place, and resets the
! and r receivers.

The phase of the multiplication program in which the
tables are used is terminated as follows: A CPP passed
through gate P16 at the end of addition time P+2 clears
the ring to stage 13. At the same time, a CPP passed
through gate P34 resets the [ and r receivers.

During addition time p-+2, the signal from one of the
places gates allows a 1’P to pass through gate P32 and a
CPP, through gate P33. A static output signal from stage
M of the ier accumulator's PM counter holds gate P58
open so that this gate passes the output of gate P33 to the
DS output terminal on panel 3. Similarly, if the icand
is negative, the output of gate P33 passes through gate
P59 to the RS terminal. The gates P32, P61 and P62 are
s0 arranged in series that the 1'P is allowed to reach the
PM lead of terminal RHPP accumulator I only if both
the ier and icand are megative. This latter pulse is re-
ceived in the right hand partial product accumulator be-
cause the 7 receiver is not reset until the end of addition
time p4-2 after this pulse has been emitted. With the as-
sociated accumulators set up as shown in FIG. 43, the
pulses transmitted from terminals RS and DS stimulate
the carrying out of the complement corrections (shown on
Table 5-3) during addition time p4-3.

At the end of addition time p+4-3, a CPP passes through
gate P38 which is held open by a signal from stage 13 of
the ring. This pulse, transmitted through terminal F (on
panel 3) is used to stimulate the collection of the partial
products into the final product (see FIG. 43 and Sec. 5.4).

At the end of addition time p--4, the activated pro-
gram control is reset and a program output pulse is trans-
mitted. This resetiing is accomplished in one way for
program controls (9-16) on panel 2 and in a slightly dif-



3,120,608

123
fercnt way for program controls 1-8 and 17-24 on the
first and third panels (see FIGS. 39, 40 and 41).

The signal from stage 14, eatly in addition time p-4 is
brought directly to gate P38 of transceivers on the second
panel. This gate, controlled by the normally negative out-
put of the fiip-flop, then emits a signal which passes
through inverter P63 and opens gate P64. The CPP
passed through gate P64 at the end of addition time p--4
resets the flipflop and is transmitted as a program output
pulse.

Gate P30 of a transceiver on the first or third panel also
gcts a reset signal early in addition time p+44. This sig-
nal, however, is derived from one of the reset flip-flops
(P66 on panel 1 or P67 on panel 3). A signal from stage
13 opens gates P36 and P35 to allow a CPP to pass and,
thus, set the reset flip-flops on panels 1 and 3 respectively.
The normally negative output of these flip-flops is then
brought to gate P39 in the associated transceivers. Ncons
correlated with the reset flip-fiops are shown in FIG. 38.

5.2.3. Argument Accumulator Clear Circuits

The reset signal, whether from stage 14 or from the
reset flip-flops (see discussion immediately above), causes
gate P30 of the stimulated transceiver to emit a signal
early in addition time p+4. This signal, through inverter
P63 and buffer P68, passes through the ier and/or icand
accumulator clear switches to one or two of the argument
accumulator clear gates P78, The argument accumulator
clear gates are so connected to points on the clear switches
that gate P70 (4) is opened if only the ier accumulator is
to be cleared, gates P73 (2) and P79 (3) if both argu-
ment accumulators are to be cleared, and gate P70 (1) if
only the icand accumulator is to be cleared. Towards the
end of addition time p-+4, the carry clear gate (CCG)
passes through the opened clear gate (or gates) to the
PM-clear unit of the accumulator (or accumulators) to
cause the clearing of the argument accumulators as speci-
fied by the seitings of the argument accumulator clear
switches.

5.2.4. Product Disposal Circuits

There are 6 product disposal circuits A, S, . . ., ASC
each consisting of a program pulse output terminal on
panel 3, a transmitter, a gate P64, a buffer P71. Each of
these circuits is connected to the corresponding point A,
AS, ...,ASCon the product disposal switch.

The signal emitted by gate P30 of the stimulated pro-
gram control when the reset signal arrives, passcs through
inverter P63, buffer P72 and the product dispesal switch
to the bufier of the appropriate product disposal circuit.
Thus, the gate in such a circuit is held open to pass a CPP
at the end of addition time p+4. This pulse, emitted from
one of terminals A, S, . . ., ASC at the end of addition
time p+-4, is used by the operator to stimulate disposal
of the product (see Secs. 5.1.5 and 5.4) which takes place
during addition time p--5.

5.3. Numerical Circuits

The numerical circuits of the high-speed multiplier con-
sist of the ier selector P22, the tens and units multiplica-
tion tables P23, the coding gates P24, the left and right
hand icand selector gatcs P26, the left and right hand
shifters P27, and the four digit output terminals P73, P74,
P76, and P77 (LH partial products accumulators 1 and
1I and RH product accurnulators 1 and 1I, respectively, on
panel 3).

The icr selectors P22 consists of a 10 by 10 array of
gates. The ier selector gate in row [ (i=9 to 9 from bot-
tom to top) and column j (j=10 to 1 from left to right)
receives, as one input, the static output of stage i in dec-
ade counter j of the ier accumulator and, as its second
input, a signal from stage 13-j of the multiplier ring.
The output signal from a gate in row i activates row i of
the multiplication tables.

In the tens table of P23 there are cight groups cf ver-
tical conductors corresponding (o icand digits 2 to 9 and
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in the units table, 9 groups of vertical conducters corre-
sponding to icand digits 1 to 9. The basic products are
remembered by means of a pattern of connections be-
tween the horizontal conductors (from the ier selectors)
and the vertical conductors (to the coding gates P24).
Fach of the vertical conductors is labelled so as to indicate
the pulses (1, 2, 2, or 4) which are brought to the coding
gate to which it is connected. No conductor is needed
for icand equal to one in the tens table since the tens digit
of any one digit ier by icand equal to one is zero.

Now, a signal from a gate in row { of the selectors is
delivered through the connections between row i of the
tables and the vertical conductors to the coding gates.
Since the output of the ier selector gate is negative the
signals from the multiplication tables have an inhibitory
¢ffect on the coding gates to which they are delivered.
Notice that for ier egual to zero, ali coding galtes are
turned off. The 1, 2, 2°, or 4P arc allowed to pass threugh
only the coding gates which receive no signal from the
rauitiplication tables,

Suppose, for example, that the digit in the tenth decade
placs of the ier is 2. Then during addiiion tirme 3, the
{ube numbered 2 in the 10th place of P22 emits a signal.
The ensuing action is exactly as described in Sec. 1.3.5.

YELECTION OF PRODUCTS BY TCAND SELECTORS

WILN ICAND M 8 108 630 40018 MULTIPLIED BY FIRST
DIGEL OF IER P2 #00 000 000
Left 1Tand Right 1Tond
Deeade | leamd Se- Tulses leand  Se- Pulses
Place leetor Gate Passed | Jector Gate Tussed
1 8 [
Qa 1 2
1 Y 8
1 8 ]
1 G 2
0 3 [
[ 2 (R 0
0 4 5
0 1]
q 1]

For examptle, when the icand N 8 198 630 400 is mul-
tiplied by the first digit of the ier P 2 800 000 0CO (see
the iilustrative problem of Table 5-2), the product pulses
passed by icand selector gates are shown in Table 5-5.
Table 5-6 shows the timing of a multiplication operation.

TABLE 56.—OPERATION OF MULTIPLIER

Addition and
puiise time

Deseription

n prilse arrives at transceiver. This pilse

5 Lt fTors (189 mud 41y and depending npon the
setling of the multiplier wnd multiplivand recedve
switches may be tran vitted again. Gules 147,
P14 (12) and P48 Q0) uming the y 2 switeh i3
at 10 and that the significant Ggure switeh is at 10)
are openerd.

A CPP pusses P47 (o step the program ring to stage 2,
Gates 112 and P13 are opened, as is gate P31

One pulse pavses cute 131 to set the I and 7 receivers,

Four pulses and o one primed piilse pass gotes FI2 and
P13 to give five pulses out channel 10 of 8

0 r S The program ring steps to stage 3. The oudpil of
stagre three car the mmltiplication of the multipii-
andd by the first gigit of the mnitiplier o take place.

BT o The prograin ring steps to stage $and multiplication hy

the seconsl dicit takes place.

The procram ring steps to stage five, and so forih.

The prosram ring steps to stage 12, opening gate I'165,
P24, P33 and P32 Multiptication by the tenth
divit of the multiplier takes place.

1P passes 1732 and (if both muliplier and maliplicand
are negative) will be transmitted into the I'M unit
of avcammnlator 13.

A COrDl >16 cleaning the ring tostage 13 opening
rates Pab, 10 0 I’38. A CPP passes 1'é4 Lo resct
the ¢ and 7 receivers. A CPP
may pass 1’58 andjor T°68 to ¢
correetions.

The prozrain ring steps to stage 14, CTP pass
1'ah and 135 to set the flip-llops PG6 and 17
(LD passes gate 138 to be transiitten to pr
%hu prudiict collection (this pulse appears at terminal
A

The GO moy pass one or two of the mites 170 1),

y oor (4) lo eanse the mnelbipicand andfor U
ator Lo elear,

y @

sses gote 133 wnd
s the complement
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Notice that the pulses for the partial products are
emitted from inverter tubes instead of standard transmit-
ters. For this reason, thc digit output terminals on
panel 3 must be connected to input terminals on the par-
tial products accumulators by means of digit trays or
cables to which no other units are connected in parallel.
No load boxes are used on these digit trays (see Sec. 5.4).

5.4. Interrelation of the High-Speed Multiplier and Its
Associated Accumulators
5.4.1. Interconnections for Numerical and Programming
Data

The 10 decade counters of the ier accumulator (9) are
connected statically to the fer selector gates through cable
P73’. Similarly, the decade counters of the icand accu-
mulator (10) are connected to both sets of icand selector
gates by cable P74’; the nth place of the icand going to
the nth place of both the left-hand and the right-hand
selectors. Stage M of the ier accumulator is statically
connected to gates P58 and P61 and stage M of the
icand accumulator, to gates P59 and P62 of the comple-
ment correction circuit (see Sec. 5.2.2). Fifty leads in
each of 4 55-conductor cables are used for the static
outputs of the 20 decade counters involved. An addi-
tional lead in each of 2 of the cables carries minus sign
data. These cables are brought from accumulators 9 and
10 to the selector gates in the high speed multiplier by
way of the static cable trough which runs along the top
of the ENTAC panels.

Only accumulators 9 and 16 which are next to the hi gh-
speed multiplier can be used as the ier and icand accu-
mulators since only one addition time, the 2nd, is allowed
(with a safety factor included) for the set-up of the argu-
ments in the selectors. If longer static leads were used
to deliver the arguments to the selectors, more time than
has been provided would be nceded to set up the argu-
ments. As a matter of fact not even the ier and icand
accumulators can be interchanged since the time con-
stants have been measured on the basis that the further
accumulator (9) is connected to the ier selectors on
panel 1 and the nearer accumulator (10), to the icand
selectors on panel 2 of the high-speed multiplier.

The outputs of gates P70 in the clear circuits (see Sec.
5.2.3) are also connected to the PM clear units of the
argument accumulators.

All the other connections between the multiplier and
its associated accumulators are numerical and program-
ming purposes are made through digit or program trays
or cables. These are shown in FIG. 43, which indicates
the external connections between the panels.

5.4.1.1. Programming Connections for “Receive Argu-
ment” Instructions

The terminals R,-R, are connected to program pulse
input terminals on the ier accumulator as indicated at
P38. The program switches associated with these ter-
minals are set up appropriately. Similarly terminals D,~
D, are connected to program pulse input terminals on
the icand accumulator as indicated at P99. Although
FIG. 43 shows all of the R,-R, and D,-D, terminals
connected, it is, of course, necessary to make connec-
tions only for the terminals which are used.

5.4.1.2. Connections for Partial Product Reception

The signals emitted through the { and r terminals on
panel 3 of the high-speed multiplier during addition times
2 through p+2 are delivered to the “receive on «” pro-
gramming circuits of the partial products accumulators
by means of cables P46 and P$7 running from the ! and
r terminals to interconnector terminats on the LHPP and
RHPP accumulators respectively. The digit output ter-
minals on panel 3 of the high-speed multiplier are con-
necied to the « input terminals of the partial products
accumulators as indicated at P101 and P102. If prod-
ucts with 8 or fewer significant figures are required, the
dolted digit connections may be omitted.
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To repeat the statement made in Sec. 5.2.2, no other
units can be connected in parallcl to the trays used to
carry the partial products and no load box should be
used on these trays.

5.4.1.3. Connections for Complement Correction

The S output terminals of the ier and icand accumu-
lators are connected to the input terminals of LHPP
Accumulator I and RHPP Accumulator by lines P103
and P1064 respectively for the purpose of delivering to
these accumulators the correction terms required if either
or both of the arguments are negative (see Table 5-1).
With these digit connections, the following program con-
nections must be made:

(1) From terminal RS on panel 3 to a control on the
ier accumulator set up for subtractive transmission and
to a control on the LHPP accumulator set up for re-
ception on g (line P166).

(2) From terminal DS on panel 3 to a control on the
icand accumulator set up for subfractive transmission
and to a control on the RHPP accumulator set up for
reception on 8 (line P107).

A second method of making the complement correc-
tion connections is possible. The § output terminals of
the ier and icand accumulators may be connected to the
£ input terminals of RHPP accumulator I and LHPP
accurmulator I respectively. 1In this case the program
connections are as follows:

(1) From terminal RS to the ier accumulator and to the
RHPP accumulator.

(2) From terminal DS to the icand accumulator and to
the LHPP accumulator.

5.4.1.4. Connections for Final Product Collection

FIG. 43 shows the partial product accumulators set-
up so that the RHPP accumulator also serves as the
final product accumulator. The A output terminal of
the LHPP accumulator is connccted io the B input ter-
minal of the RHPP accumulator by line P184 and the
F terminal on panel 3 is connected to a control on the
RHPP set up for reception on £ and on the RHPP for
additive transmission, by line P168. Since the RHPP ac-
cumulator is free for two addition times at the beginning
of multiplication programs and the LHPP accumulator
is free for only one addition time (sze Sec. 5.1.5), there
is a slight advantage in using the RHPP accumulator as
the final product accumulator if repetitive disposal of the
product is contemplated. Otherwise, by suitable digit tray
and programming connections, the LHPP accumulator
can just as well be made to serve as the final prodiict
accumulator. Notice that it is not necessary to use a
shifter at the g input terminal of the FP accumulator
in collecting the partial products in cne accumulator be-
cause the high-speeed multiplier’s shifters align the partial
products so that they can be combined properly.

5.4.1.5. Programming Connections for Product Disposal
Instructions

FIG. 43 shows scveral of the A, S,. . . , ASC ter-
minals on panel 3 connected to program controls on the
final product accumulator which are set-up for trans-
mission. As mentioned earlier in Sec, 5.1.5, the mean-
ings taken on the points A, S, . . . , ASC on the product
disposal switch depend entirely on the set up of the pro-
gram controls on the final product accumulator to which
the terminals A, S, . . . , ASC are connected.

5.4.2. Position of Decimal Point in Product Accumulator

The position of the decimal point of the product can
easily be deduced from the description of the way in
which the shifters route the partial products (see Sec.
53). If r, d, and f respectively represent the number
of decade places that the decimal points of the ier, icand,
and final product are removed from the PM place in
their respective accumulators (r, d, and f are positive
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or negative according as they are counted toward the
right or left of the PM counnter), then

f=r4d
This formula is illustrated in the table below:

5

,120,C08

128

tion 6.4). In division the agsociated accumulators are
the numerator (dividend) accumulator, the denominator
(divisor) accumulator, shift accumulator, and quotient
accumulator; in square rooting the associated accumula-
tors are the numerator (radicand) accumulator, the shift

{or r icand d product 7/
T 1. 000 000 000 1 P 1. 000 000 000 1 T 0 1.00 000 000 2
P 0 03.0 000 000 3 1.4 000 000 060 (] P 0 01.2 000 H00 3
0 03.0 000 000 3 10-2(.4 000 D00 060) —2 0. 012 000 06O 1

VvI. DIVIDER AND SQUARE-ROOTER
The divider and square-rooter performs the opcrations
of dividing and square-rooting tea and twenty digit num-
bers. To carry out these cperations with ten and twenty

digit numbers it makes use of four and seven accumu- °

lators, respectively. Thus, the divider and square-rooter
unit itself is essentially a programming circuit which con-
tro's the operation of the associated accumulators.

The process of division is that of repeated subtraction.

Thus, the numerator is in one accumulator and the de-
nomjnator in another. The denominator is subtracted
until an overdraft occurs. At this time the numerator
is shifted (by transmitting te a shift accumulator and
transmitting back with a shifter in the digit line). Note
that the overdraft was not corrected as in some meth-
ods of divisien used on compating machines. Instead,
signs are changed and the denominator is alternately sub-
tracted and added between the shifts. The quotient is
built up by the divider sending +-1 or ~1 into the proper
decade of the quotient accumulator for each subtraction.

The process of square rooting is Likewise accomplished
by repeated subtractions (the quantity subtracted being
increased by two each time in the proper decade). The
number to be square rooted is placed in the numerator
accumulator and the numbers to be subtracted are built
up in the denominator accumuldter. When an overdraft
occurs the number in the numerator accumulator is shifted
(similar to the shift in dividing) and certain corrections
are made to the number in the denominator accumulator
and the subtraction process is repeated. As the process
continues twice the square root is built up in the denomina-
tor accumulator.

The time required to complete the above operations
depends on the number of places required in the answer
and the digits in each place of the answer. If it is assumed
that the average digit of the answer is 5 and if p designates
the number of places in the answer, approximately 13p
addition times are consumed in division or square rooting.

The first section of this chapter contains a general sum-
mary of the divider and square rooter. Sections 6.1, 6.2,
and 6.3 respectively cover the program controls, common
programming circuits, and numerical circuits of this unit.
Information pertinent to the interrelation of accumulators
associated with the divider and square rooter appears in
Section 6.4. Examples of division and square rooting are
given in Section 6.5. The following diagrams will be
referred to in this chapter:

Front View of the Divider and Square Rooter__ FIG. 44
Divider and Square Rooter Front Panel_______ F1G. 45
Divider and Square Rooter Block Diagram--.- FIG. 46
Interconnection of Divider and Square Rooter

with its Associated Accumulators._-————--— FIG. 47
6.0. General Swmmary

Tt is assumed that the reader is familiar with F1GS. 18
and 19 and with their associated descriptions.

The divider and square rooter carries out a division or
square rooting by operating as a central programming
agent for a group of associated accumulators (see Sec-
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accumulator, and the denominator (twice the root) ac-
cumulator. The divider controls these accumulators in
the sense that at various periods of tbe operation cycle,
it transmits to these accumulators program signals ap-
propriate to the period of the computation and the quan-
tities involved in the computation and in the sense that
it provides the answer accumulator with the numerical
data from which the answer is ultimately formed.

The operation cycle, whether for division or square
rooting, divides itself rather clearly into 4 periods: period
I in which the stage is set for the following periods, period
11 during which the operation itself proceeds, period 1il,
the round off period, and period 1V, the interlock and
clear period. When a divider and square rooter program
control is stimulated, the events which occur in the four
periods mentioned above, depend, to some extent, on
the way in which the program control is set up.

In addition to a transceiver with program pulse input
and output terminals, each of the 8 program controls
contains an interlock pulse input terminal and 8 program
switches (see FIG. 45).

These switches and their purposes are as follows:

(a) Numerator receive switch.—During the first addi-
tion time of the division this switch may be used to cause
the numerator accumulator to receive either « or f.

(b) Denominator receive switch.—During the first ad-
dition time of the division this switch may be used to
cause denominator accumulator to receive on « or 8.

(¢) Numerator clear switch.—At the end of the divi-
sion or root process this switch may be used to cause
the numerator accumulator to clear.

(d) Denominator clear switch—At the end of the
process this may be used to cause the denominator ac-
cumulator to clear.

(e) Interlock switch—This switch decides whether
or not the interlock feature is used. Suppose this switch
is setting on NI. At the end of the division or root proc-
ess the various flip-flops and rings in the divider square-
rooter are cleared and an output program pulse is trans-
mitted. If this switch is on 1 then this clearing process
and output pulse does not occur until both a signal is re-
ceived on one of the interlock inputs (upper left corner of
FIG. 46), and the division or root process is completed.

(f) Answer disposal switch.—This switch is connected
to four receivers and thus gives four possible ways of dis-
posing of the answer (that is, four ways it could be trans-
mitted).

(g) Round-off switch—This switch decides whether
the answer to the division or the square rooting process
be rounded off.

(h) Division-square root and place switch—This
switch determines whether the process is division or square
rooting and how many places are used. There is a choice
of 4,7, 8, 9, or 10 places.

The remaining program control circuits include:

(1) The common programming circuits.—In the divid-
er-square rooter (as in other units) the common pro-
gramming circuits comprise all of the circuits except the
program controls (described above) and the numerical
circuits (described just below).
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(2) Numerical circuits—The numerical circuits of the
divider-square rooter comprise the place ring and its as-
sociated gates (lower right hiand corner of FIG. 46), the
pulse gates (just above and to the right of the place ring),
and the “1,” “—1,” “2,” and “—2” receivers which open
these gates.

During period I of a division, the divider and square
rooter emits signals which stimulate the argument ac-
cumulators to receive the arguments in accordance with
option .1 above and sets up certain of its common pro-
gramming circuits (see Section 6.2) in accordance with
option 3.

Period II, for division, includes combinations of a basic
division sequence and a shift sequence. When the numer-
ator and denominator have like signs, the denominator
is subtracted from the numerator and the quotient is in-
creased by one unit in a particular decade place; when the
signs of the arguments are unlike, the denominator is
added to the numerator and the quotient is decreased by
one unit in a particular decade place. When the re-
mainder from the numerator after an addition or sub-
traction of the denominator shows an overdraft (ie., a
change in sign from the one which the remainder carried
before the addition or subtraction), the basic division se-
quence is interrupted. Then the remainder is transmitted
from the numerator accumulator to the shift accumula-
tor where it is received shifted over one place to the left.
Next the numerator accumulator again receives the nu-
merator from the shift accumulator. The basic division
sequence is repeated with the quotient respectively in-
creased or decreased by one unit after every time a sub-
traction or addition of the denominator takes place. After
a shift sequence, however, the unit is added to or sub-
tracted from a decade place of the quotient one further
to the right than before the shift sequence.

Square roots in the ENIAC are obtained by a method
which makes use of the fact that

2'1:(21'—1)=a2
i=1
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and which is analogous to a method often used to find
square roots on electric or manual desk computing ma-
chines.

Period I for square-rooting not only covers the recep-
tion of the numerator (or radicand) and the set-up of
certain circuits in the divider and square rooter, but also
provides for the reception of one pulse in the 108 decade
of the denominator (twice the root) accumulator.

In the basic square-rooting sequence of period II, odd
numbers successively increasing (and accumulated in the
denominator accumulator) are subtracted from the radi-
cand until an overdraft occurs. Then odd numbers suc-
cessively decreasing are added to the radicand. The
ENIAC finds by this procedure twice the square root
(formed in the denominator accumulator) since the an-
swer is increased or decreased by two units after each
addition or subtraction takes place. Period 11, in square
rooting as in division, includes a shift sequence which
takes place whenever the remainder of the radicand in-
dicates a change of sign. The square root shift sequence
provides for transmission of the radicand to the shift ac-
cumulator to shift it one place to the left and the return
of the shifted radicand to the numerator or radicand ac-
cumulator. The shift sequence, furthermore, provides for
the subtraction or addition respectively of one unit first
in the decade place in which twice the root was previous-
ly increased or decreased by two units in the basic square
root sequence and then in a decade place one further to
the right. After a shift sequence the basic square root
sequence is repeated until overdraft occurs.

Period II is terminated and period III initiated when
an overdraft occurs and when the divider and square
rooter has found the number of places (counting toward
the right from the PM decade) of the answer specified by
the setting of the divider-square root and places switch
of the answer. In division, period III includes the shifting
of the numerator one place to the left as in the shift se-
quence of period II. Then, if round-off is specified by the
setting of the program control, the denominator is sub-
tracted from or added to the numerator (if the numera-
tor's remainder and the denominator have like or unlike
signs respectively) five times.

TABLE 6-1—DIVISION—ILLUSTRATIVE PROBLEM
[Problem: Divide P 0 2090070 000 by P 0 230 000 0600. Round answer off to 4 places.  No interlock]

Quotient Accumulator
Add.
Time

Numerator Accumulator

Denominator Shift Accumulator

Accumulator

Period

P 0209

Shift

B 5 § CUP
770 G600 00

IV ...

M 9 770 000 000

M 8 790 700 000
P 0 230 080 000

P 0 207 000 000
M 9 770 000 000

230 000 000
230 000 000
230 000 000
230 000 000
230 000 000

Program output pulse and answer disposal signal is transmitted
Answer is transmitted from quotient accurnulator

Stores after Stores after Recelves during Stores after

Recelves Receiving Receives Receiving period 1 and Receives Receiving
stores thereafter
070 000 | P 0 209 070 000 | P 0 230 000 000

M 9 790 700 000
P 0020 700 000

770 000 000
000 000 000
230 000 000
460 000 000
690 000 000
920 000 000

9
0
0
0
0
0
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TABLE 6-2—SQUARE ROOT—ILLUSTRATIVE PROBLEM
[Problem: Find vP 0 081 360 400. Round answer off to 4 places. No interlock]

Numerator (Radicand) Accumulator Denominator (Two Root) Shift Accumulator
Accumulator
Perlod Add. —
Time
Receives Stores after Receives Stores after Receives Stores after
receiving reeciving receiving
D ISP 1. P 0 081 360 400 P 0 081 360 4G0
b 2 S
;ISP SO OISR
SIS RO,
) B SO ;S MY 900 000 000 | M 9 981 360 400 | -ioomoo ool st o n e o me ETTTE
B e | m e m e 1* 0 200 000 000 P 0300000 000  foooooooommomommnf e
2 N M 9 900 000 GO0 P 0 200 000 00O M M 9 813 (04 000
Shift
SR M 9 813 604 000 M 9 813 604 000 M 9 930 000 000 P 0 160 00C 000
9__. P 0 190 000 000 P 0003 604 000  |ooo oo i e[
10_- M 9 980 000 00O P 0 170 000 000
Shift oo} 11, . . P 0 010 000 000 P 0 180 000 000
12.. P 0 036 010 000 P 0 001 000 600 P 0 181 000 0CO
13- M 9 855 040 000  |oc oo oo e oo o oo
14_. - .- 1> 0 002 000 COD 1> 0 183 000 DOO
B ) R 15 . - M 9 999 000 000 P 0 182 G0 000
16, M 8 550 400 000 N ! 0 000 T .-
17 P 0 182 000 000 M 8 732 400 000
18. 0 182 000 000 M 8 914 400 00
19 P 0 182 000 COO AL 9 096 400 000
20. 0 182 000 000 M 9 278 400 000
21, 0 182 000 000 M 8 460 400 060
b7 IR IR SR .
23.
IV, e 24
26
26. -~

result from these subtractions or
additions, the quotient is respectively increased or de-
creased by one umit in the last place from the left re-
quired by the setting of the places switch. Period 111
of square rooting is similar to that for division except for
two details. In square rooting this period covers the shift-
ing of the radicand’s remainder and the addition or sub-
traction of one unit in the decade place of twice the root
which, in the previous basic square root sequence, was de-
creased or increased by two units. Also, in square-root-
ing as in division, if round-off is specified, the contents of
the denominator accumulator are then subtracted from or
added to the contents of the numerator accumulator. 1f
no overdraft results, twice the root is increased or de-
creased by two units.

Period 1V is identical in both division and square roct-
ing. In this period, ring counters (see below) in the
divider and square rooter are cleared and certain flip-flops
are reset so as to ready the divider and square rooter for
the next program. A program output pulse is transmitted
either to indicate the completion of the operation or the
reception of an interlock input pulse as well at the com-
pletion of the operation. The divider-square rooter sig-
nals for the disposal of the answer in accordance with the
setting of the answer disposal switch at the end of period
IV and the numerator and denominator accumulators
clear or do not clear in accordance with the settings of
the numerator and denominator accumulator clear
switches. Tables 6-1 and 6-2 show numerical examples.

The events described above are motivated by the divider
and square rooter’s COmMmon programming circuits. The
answer which is accumulated in the quotient accumulator
in division or in the denominator accumulator in square
rooting is supplied by the numerical circuits of the divider
and sguare rooter.

The common programming circuits of the divider-square
rooter ‘which are operated by the program controls may
be divided roughly into 3 circuits which are concerned
solely with programming within the divider-square rooter
(internal programming circuits); circuits which program
the associated accumulators as well as other circuits with-
in the divider (internal-external programming circuits);
and circuits concerned solely with programming the ac-
cumulators associated with the divider and square rooter
(external programming circuits).

If overdraft does not
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The internal programming circuits (see FIG. 46) in-
clude the program ring circuit, the overdraft circuit, the
sign indication circuit, the divide flip-flop, and the inter-
lock and clear circuit, all indicated by appropriate legends
in FIG. 46.

Program Ring Circuit (FIG. 46-A)

The program ring circuit contains a flip-flop called
the pulse source flip-flop which controls the emissicn of
certain specialized pulses used only in the divider and
square rooter. Which pulses are emitted depends on
whether division or square rooting is the operation and
also on the period of the computation. The 9 stage pro-
gram ring directs the progress of the computation by pro-
viding gates for particular signals suitable to the phase
of the computation at various times. The cycling of the
program ring is controlled by the program ring flip-flop
and by certain of the special pulses whose emission in
turn, is controlled by the pulse source flip-flop.

Overdraft Circuit (FIG. 46-B)

The overdraft circuit has for its purpose the sensing of
overdrafts. It consists of a binary ring counter (called
the numerator ring) for registering the sign of the numera-
tor. This ring is cycled only during period I and just
after the numerator is shifted to the shift accumulator in
periods Il and III. In addition to the numerator ring,
the overdraft circuit has four gates each of which is con-
nected to a stage of the numerator ring and statically to
the PM counter of the numerator accumulator. As long
as the remainder from the numerator remains the same
as it was before an addition or subtraction of the denomi-
nator, this circuits emits an NO (no overdraft) signal.
When the numerator’s remainder changes sign an O (over-
draft) signal is emitted.

Sign Indication Circuit (FIG. 46-C)

The sign indication circuit compares the signs of the
numerator and denominator emitting a like sign signal
when numerator and denominator have the same sign and
an unlike sign signal when the signs of the numerator and
denominator differ. The denominator flip-flop in this cir-
cuit is set only if the denominator is negative. The de-
nominator flip-flop feeds to each of four gates which have
for their second input static leads from the PM counter of
the numerator accumulator.
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Divide-Root Flip-Flop (FIG. 46-C)

The divide flip-flop is used to remember whether the
operation being performed is division or square rooting.
This flip-flop affects programming only during the round
off period at which time its intervention results in the
emission of the instructions which distinguish period Il1
for division from period 111 for square rooting.

Interlock and Clear Circuit (FIG. 46-A)

The interlock and clear circuit which consists of the
interlock flip-flop, the interlock coincidence flip-flop, the
clear flip-flop and the various gates operated by these flip-
flops, during period IV, emits signals which clear the di-
vider and square rooter’s rings and reset certain of its flip-
flops.

The circuits which are both internal and external pro-
gramming circuits are those containing the receivers which,
when set, motivate the accumulators associated with the
divider and square rooter to perform certain subopera-
tions involved in division and square rooting and which
also stimulate other programming circuits within the di-
vider and square rooter to function (see Section 6.2).

The receivers included in this category are those control- «

ling the N, Da, Dg, Q,, D, D'., S, and Ny and Sac and
N’, circuits.  Signals from these receivers are delivered
to the associated accumulators by means of special cables
leading from the quotient accumulator and shift accumu-
lator program terminal, the denominator and square root
accumulator program terminal, and the numerator accu-
mulator interconnector terminal (see FIG. 45) to inter-
connector terminals on accumulators corresponding to
the names of the terminals on the divider and square
rooter.

The N, circuit (FIG. 46-B) stimulates the reception,
via the numerator accumulator’s v input channel, of the
denominator or the complement of the denominator when
either of these quantities is transmitted from the denom-
inator accumulator as a result of the setting of the D, or
Dg receivers during the basic division or square rooting
sequence of period II or in round off during period I1I.

The Q, circuit (FIG. 46-B) controls the reception, via
the quotient accumulator’s « channel, of the units which
are used to form the quotient and which are transmitted
by _the divider and square rooter whenever the basic di-
vision sequence of period II takes place or at the end of
period III in round off programs if no overdraft results
from the addition or subtraction of five times the denomi-
nator from the numerator.

The D, circuit (FIG. 46-B) controls the reception by
the denominator accumulator via its v channel of the “+2
or —2 units transmitted by the divider and square rooter
every time the basic square rooting sequence of period II
occurs or in period 111 if no overdraft occurs after the ad-
dition or subtraction of 5 times twice the square root in
period IIT of round off programs. Another receiver, the
D', receiver also controls reception via the denominator
accumulator’s v channel of numerical data which ultimate-
ly forms twice the square root. This receiver, however,
is used to program the reception of the single unit (4 or
—) transmitted first in a given decade place and then in
a decade place one further to the right during the square
rooting shift sequence of period II and to program the
reception of a single unit just once at the beginning of
period HI for square rooting.

The S«, Nac, Sac, and N’y circuits (FIG. 46-E)
control events which occur during the shift sequence
of period IT and at the beginning of period III for either
division or square rooting. The first two circuits stimu-
late the transmission (with clearing) of the contents of
the numerator accumulator to the shift accumulator which
receives this data through its « channel. A shifter which
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shifts numerical data one place to the left is placed at
the « input terminal to accomplish the shifting of the
numerator, as was explained in connection with FIGS.
18 and 19. The numerator is then cleared out of the
shift accumulator and returned to the numerator accumu-
lator via the numerator accumulator’s + input channel
as a result of the setting of the Ss¢ and N’, circuits.

The circuits which are used solely for external pro-
gramming are the numerator and denominator accumu-
lator clear circuits and the N,, N,, D,, D,, receivers and
answer disposal receivers 1, 2, 3, and 4. Signals from
the external programming circuits are delivered to the
associated accumulators in exactly the same way as are
the signals from the circuits which are both internal and
external programming circuits.

The N, and N, circuits (FIG. 46-A) correspond re-
spectively to the points « and 8 on the numerator ac-
cumulator receives switches and are used to stimulate the
reception of the numerator (or radicand) by the numera-
tor accumulator at the beginning of a program. The
D, and D, receivers have a similar function. Whether
these receivers actually stimulate reception through the
a or g input channels or through some other channels
depends, of course, on the manner in which the inter-
connector plugs of the cables leading from the divider
and square rooter to the numerator and denominator ac-
cumulators are wired. The plugs stimulate reception in
accordance with the labelling on the numerator accumu-
lator and denominator accumulator receive switches.

The instructions given to the quotient or denominator
accumulator as a result of the setting of one of the four
answer disposal receivers depend on the wiring of the
interconnector plugs used to deliver the divider and
square rooter’s programming instructions to the answer
accumulators.

The answer is built up in the quotient accumulator (in
division) or in the denominator accumulator (in square
rooting) out of numerical data produced by the numerical
circuits of the divider and square rooter. These circuits,
which are discussed in greater detail below, include the
+1, —1, 42, —2 receivers, gates controlled by the above
mentioned receivers which pass the 1, 2, 2°, 4, 9, or 1
pulses, the 10 stage place ring, and 10 pairs of digit out-
put gates with each pair controlled by a stage of the
place ring.

The answer is formed one unit (in division) or two
units (in square rooting) at a time in a particular decade
place from the digit pulses passed through the 1, 2,2,
4,9, and 1’ pulse gates and routed into appropriate decade
places by the 10 pairs of gates controlled by the places
ring. Sign indication M belonging to any component of
the answer is derived from the 9P delivered to the PM
Iead of the answer output terminal on the divider and
square rooter front panel.

6.1,

There are eight standard transceivers to receive the in-
coming program pulses. As in the case of the multiplier
the incoming program pulse is immediately retransmitted
to cause the numerator and denominator accumulators to
receive their numbers without the loss of time. This
retransmission takes place through buffers located on a
separate plug-in unit (there are two such plug-in units
altogether). Two such buffers, R2, are illustrated in the
lower left corner of FIG. 46.

The divider and square rooter has 8 program controls
each consisting of a transceiver with program pulse input
and output terminals on the divider and square rooter
front panel (see FIG. 45), an interlock pulse input ter-
minal R, a numerator accumulator and a denominator
accumulator receive switch, a numerator accumulator and
denominator accumulator clear switch, a divide-square
root and places switch, a round off switch, an answer djs-

Program Controls
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posal switch, and an interlock switch, all as shown in
FIG. 43.

6.1.1. The Numerator Accumulator and Denominator
Accumulator Receive Switches

The buffers R2, described above, feed two switches
(for each control circuit) located on the front panel,
namely, the numerator and denominator receive switches,
R3 and R4 respectively. Each of these switches has three
settings, o, § and 0. The four outputs of these two
switches go through inverters R6 (FIG. 46-A) to four
receivers R7 (located on two plug-in units). The out-
puts of these receivers come to output sockets SVI, SVZ,
SU,l, and SU,2 located on the front panel. The out-
puts may be connected directly to the common program-
ming circuits of the respective accumulators by use of a
special inter-connector cable.

The numerator accumulator and denominator accuniu-
lator receive switches of the divider and square rooter
have the same purpose as the multiplier accumulator and
multipticand accumulator receive switches of the high-
speed multiplier. These two sets of switches on the
divider-square rooter enable the operator to control the

stimulation of the reception of the arguments entering

into a divider and square rooter program centrally at the
divider and square rooter instead of locally at the asso-
ciated accumulators. The instructions specified by the
setting of the receive switches on the divider and square
rooter, however, are transmitted statically to the numera-
tor and denominator accumulators via cables leading from
the denominator-square root receiver output terminal and
the numerator receiver output terminal on the divider and
square rooter’s front panel to interconnector terminals re-
spectively on the numerator accumulator and denomina-
tor accumulator. It is to be noted that in the case of
the high-speed multiplier, the instructions set-up on the
receive switches are transmitted in pulse form from pulse
output terminals on front panel 1 of the high-speed multi-
plier to program pulse input terminals on the ier and
icand accumulators. In the case of the high-speed multi-
plier it is necessary to set-up jer and icand accumulator
program controels corresponding to the R.-R, and DD,
terminals on the high-speed multiplier. In the case of the
divider and square rooter it is mot necessary to set up
program controls on the numerator and denominator ac-
cumulators since the receive instructions are delivered
directly into the common programming circuits of these
accumulators.

The numerator accumulator and denominator accumu-
lator receive switches differ also from the high-speed
multiplier’s receive switches in that the former offer the
operator only two options as to the accumulator input
channel through which reception is to take place. The
cables used to connect the numerator receiver output ter-
minal and the denominator and square root receiver out-
put terminal to the numerator and denominator accumu-
lator interconnector terminals have been so wired that if
either or both of the numerator or denominator accumit-
lator’s receive switches be set to « or 3, the correspending
accumulator receives its argument through the « ot 8 in-
put channel respectively.

If it is not desired to stimulate the reception of an ar-
gument on any given program or if it is desired to control
the reception of either or both arguments for a given
program locally at the appropriate accumulator (by de-
livering a program input pulse to a suitably set up program
control on the accumulator either before or simultaneous-
ly with the program input pulse that stimulates the divider
and square rooter program control), then one or both
receive switches can be set to O (off).

When the receive switch of a given program control is
set to a setting different from O, the divider and square
rooter emits the receive instructions at the same time as
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the program control’s transceiver is set by the program
input pulse so that the accumulator correlated with the
receive switch receives its argument during the 20 pulse
times immediately following the reception of a program
input pulse by the divider and square rooter.

6.1.2. The Numerator Accumulator and Denominator Ac-
cumulator Clear Switches

The output of buffer R8 (in the transceiver, FIG. 46—
D) goes to the numerator and denominator clear switches
R9 and R11. This buffer goes on only at the end of the
division or rooting process (and possibly after an inter-
lock signal) when clearing is taking place. The output
of the switches R9 and R11 (three outputs: numerator,
denominator, or both) goes to inverters R12 and thence to
gates R13, FIG. 46-A. These gates pass the carry
clear gate (CCG) through the inverters R14 and buffers
R16. This signal goes directly to the clear tubes in the
PM-Clear units of the corresponding accumulators. The
following table illustrates what happens with the various
settings of these switches:

TABLE -3
~Num. Clear | Denom. Effeet (as tube RS in transceiver goes on}
Switeh Clear
Switch

Nonc.

RI12 (3) goos off and associate gate R13 passes
a CCQG through the inverter R14 (N) and
huffer RLG (N to the clear tubes in the
numerator aceuimulator.

R12 (1) goes off and associated gate R13 passes
a COG through R14 (D) and R1G (D) to the

tubes of the denominator aeeunmulator.

R12 (23 goos off and the associated two gates
Ri3 pass CCGs through both inverbers
R14 and buffers R16.

If a clear switch is set to C, the clear circuits in the
divider and square rooter emit a clear signal during the
last addition time of a program just before the transmis-
sion of a program output pulse. This signal is delivered
by means of static leads (see FIG. 47) from the divider
and square rooter to the PM-Clear Unit of the accumu-
lator corresponding to the receive switch set at C in the
addition time at the end of which the divider and square
rooter emits a program output pulse.

Since the denominator accumulator is used as the an-
swer accumulator in square rooting programs and since
answer disposal takes place in the addition time following
the transniission of a program output pulse, it is obvious
that the answer would be lost before it could be trans-
mitted to another unit if the denominator accumulator
clear switch were set at C for square rooting programs.
The answer disposal switch together with a suitable adaptor
plugged into the denominator square root accumulator
program terminal provide a correct method for clearing
the denominator accumulator without loss of the answer
in square rooting programs.

6.1.3. The Divide-Square Root and Places Switch

The divide-square root and places switch R19 provides
a means of choosing which of the divider and square
rooter’s operations is to be performed on a given program
and of specifying the number of places in the answer
(counting from the PM counter toward the right as seen
from the front of the unit) to be found. The five left
hand positions of this switch (FI1G. 46-D) specify division
to 4, 7, 8, 9, or 10 places and the five right hand posi-
tions, square rooting to 4, 7, 8, 9, or 10 places. The
number of places chosen by the operator for a given pro-
gram will depend on the accuracy requirements of the
computation and on the alignment of the arguments in the
argument accumulators.

OFf the two decks of this switch one (the one on the
right in F1G. 46-D) determines whether the process is to
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be division or square rooting. This deck takes the out-
put of buffer R17 in the transceiver to the round-off switch
R18. The other deck R1% determines how many places
the answer is to contain. This switch handles two jobs.
This means that the number of places used in a division or
a square rooting is restricted to 4, 7, 8, 9, or 10. See
Section 6.4 for a discussion of the relationship between the
location of the decimal point in the argument and answer
accumulators.

The setting of the divide-square root and places switch
like the setting of the significant figures switch of the high-
speed multiplier, has no effect on the putting in of the 1'P
pulse when the answer is disposed of subtractively from
the answer accumulator. Which decade the 1'P is put
into in subtractive disposal depends on the setting of the
significant figures switch on the answer accumulator. If
programs with different round off requirements are per-
formed, it may be necessary to supply the 1’P at the ac-
cumulators which receive complements from the answer
accumulator.

6.1.4. The Round-Off Switch

The round-off switch R18 is a double-pole, double-throw
switch which determines whether the answer is to be
rounded off or not. One pole of the switch operates in
case of division and the other in case of square rooting and
works in conjunction with one deck of the root-divide
and place switch. The four terminals connect to four
inverters (the four tricdes R21) which in turn connect
to the gates R22. These gates provide the division pulse
(DP), the square root pulse (SRP), and the round-off
pulse (ROP).

The round off switch R18 offers the operator a choice
between obtaining an answer rounded off (RO) or not
rounded off (NRO) to the number of places specified
by the setting of the divide-square root and places switch.
In general, division or square rooting programs in which
10 or fewer answer places are required will either be per-
formed with round off or else round off will be taken
care of in an accumulator after the divider has found more
answer places than are required. To obtain answers with
11-19 places (see Sections 6.2 and 6.4), two programs
are necessary. The first one, in which the first 10 left
hand digits are found, should be performed without round
off. The result of the second program should be rounded
off whether as part of the second divider program or in
an accumulator after the divider program.

It should be noted that under certain circumstances,
twice the square root obtained through a round off pro-
gram may be in error by 2 umits in the last place found.
For example, the divider and square rooter produces the
answer P0002 when 2+/0 is found to four places in a
round off program. The reason for this slight inaccuracy
becomes apparent when it is remembered that vound
off of square roots as carried out by the divider is only
approximate. Let R represent the remainder from the
radicand and let p4-2x be the number stored in the
denominator accumulator at the end of addition time
III—2 where 2x is the extreme right hand digit of the
answer found (so that, at this time p is the answer less
2x). Assume that k£ answer places have been found
and, for simplicity, let us say that the decimal point in
the numerator and denominator accumulator occurs &
places from the left. If k is odd (so that R, the remainder
from the radicand before round off, is greater than or
equal to zero) the decision to change or not change the
answer by 2 units in the last place depends on whether
R—5p—10x does not or does show an overdraft. If
round off were carried out exactly, the quantity

R—5p—10x—2.5
would be examined instead. Thus, the rounded off

answer is inaccurate when R—35p—10x>0 and when
R—5p—10x—2.5<0. It can easily be seen, then, that
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the rounded off answer obtained in square rooting pro-
grams is correct except when

0<<{(5p+10x)—|R|<2.5 for an even number of places
or
0<|R|—(5p+410x)<2.5 for an odd number of places

6.1.5. The Answer Disposal Switch

This switch has five positions, four of these go respec-
tively to four receivers and the fifth is an “off” position.
At the end of the division or square rooting process (and
after the interlock signal has arrived if the interlock
switch is at “I” the buffer R23 (in the transceiver) goes on.
This may (depending upon the setting of the switch) cause
one of the inverters R24 to go off opening one of the
gates C or D 46 or 47. The CPP passed by one of these
gates will turn the corresponding inverter R26 off activat-
ing the corresponding receiver. The outputs of this re-
ceiver go directly (provided the operator connects them)
to the common programming circuits of the quotient ac-
cumulator or to the denominator accumulator depending
on the interconnector cable used. The timing of the
operation of these circuits is explained in Sections 6.4.1,
and 6.4.2.

The answer disposal switch on the divider and square
rooter is comparable to the product disposal switch on
the high-speed multiplier in that the former enables the
operator to provide for the stimulation of the disposal
of the answer from the answer accumulator without the
necessity of delivering a program input pulse to the
answer accumulator specifically for this purpose. The
answer disposal switch on the divider and square rooter,
however, offers the operator only 4 opticnal methods of
disposal in contrast with the 6 options of the product dis-
posal switch on the high-speed multiplier.

The answer disposal signals emitted by the divider
and square rooter, moreover, are static signals which
are delivered to the quotient and/or denominator ac-
cumulator by means of cables connecting the quotient
accumulator and shift accumulator program termrinal
and/or the denominator-square root program terminal
to interconnector terminals on the quotient and/or de-
nominator accumulator. Points 1 and 2 of the answer
disposal switch refer to the disposal of the quotient and
points 3 and 4 to the disposal twice the root. The exact
meaning conveyed by their settings, however, depends
on the wiring of the adaptors and interconnector cables
used to carry instructions from the program terminals
on the divider and square rooter to interconnector termi-
nals on the associated accumulators (see Section 6.4.2)
since the instruction signals are brought directly into
the accumulators’ common programming circuits. In
the high-speed multiplier, on the other hand, the instruc-
tions specified by the settings A, S, AS, AC, SC or ASC
of the product disposal switch, depend on the setup of
the product accumulator program controls which receive
product disposal pulses from the A, S, AS, AC, SC, or
ASC pulse output terminals on panel 3 of the high-speed
multiplier.

6.1.6. The Interlock Switch

The setting of this switch (R27 in FIG. 46-D) deter-
mines whether the interlock feature is used or not. If
this switch is setting at “NI” the buffer R28 (in the trans-
ceiver) causes the inverter R29 (NI) to go off and the
gate R31 to open, FIG. 46-A. The CPP’s passed here
turn the inverter R32 off. The gate R33 is opened at
the end of the division as square rooting process and the
CPP’s from R32 are passed to provide the clearing action.

If the interlock switch is setting at “I” R29 (I) is
turned off and R34 is open. In order for a CPP to get
through to gate R33 the flip-flop R35 must be set opening



3,120,608

139
gate R37. This flip-flop is set only when a signal arrives
over one of the interlock inputs turning on one of the
buffers R38. (This pulse may arrive during the division
or root process or even before it starts.)

Thus, if the switch is set on “I” the clearing signals
and the output program pulse are not provided until:
(1) the division or square rooting process is completed
and the control ring steps down to stage seven, and (2)
a program signal has arrived over one of the interlock
input terminals and set the flip-flop R35. Note that
the interlock flip-flop R3S is not reset unless the program
control being used is set to “I.” This means that a num-
ber of divisions or square roots may be done and then
the interlock feature be used at the end even though the
interlock pulse arrived during one of the earlier divisions.

The setting of the interlock switch determines the con-
ditions for the occurrence of the final addition time of a
divider and square rooter program (i.e., the addition time
when a program output pulse, answer disposal signal, sig-
nal for clearing the argument accumulator’s and signals
for clearing certain circuits within the divider and square
rooter are emitted). If the interlock switch is set at no
interlock (NI), the final additional time occurs during
the second addition time following the completion of
the actual numerical operations involved in a division
of square rooting (i.e., during the second addilion time
of period 1V). If the interlock switch is set at I (inter-
lock), not only must period IIL be completed, but also
the divider and square rooter must have received an inter-
lock input pulse before the divider and square rooter
program can be considered completed. Tn the interlock
case, the final addition time takes place during the sec-
ond addition time following whichever of the 2 events
hereinafter listed occurs later in the cycle of operations:
(1) completion of period IIf; (2) the reception by the
divider and square rooter of an interlock input pulse (see
Table 6-11).

The interlock feature of the divider and square rooter
is desirable when a division or square rocting program
occurs simultaneously with another sequence of programs
and is to be followed by a second sequence using either
the same units as arc used by the sequence in parallel
with the division or square rooting or using results ob-
tained from the parallel sequence and results of the di-
vision and square rooting. By using the final program
output pulse of the sequence in parallel with the division
or square rooting as an interlock input pulse and then
using the divider and square rooter’s program output

pulse as the initial program input pulse for the se- °

quence which is to follow the division, the operator in-
sures the completion of all of the programs of the
parallel sequence before the commencement of the sec-
ond sequence.

Had the interlock feature been omitted from the design
of the divider and square rooter, the operator, under the
same circumstances as those described in the previous
paragraph, would have faced two equally disagreeable
alternatives: (1) never to schedule a parallel sequence
lasting between the minimum time to maximum time for
completing a division or square rooting; (2) to compute
the maximum number of addition times required to com-
plete the division or square rooting program and then
to use the final program output pulse of the sequence in
parallel with the division or square rooting to produce
eventually (after a delay consistent with the maximum
division or square rooting time) an initial program input
pulse for the second sequence.

6.2. The Common Programming Circuits

The common programming circuits, which constitute
most of the divider, will be divided into sections as indi-
cated below. This subdivision is a logical one, that is
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division is with respect to the purpose of the particular
circujt and not with respect to physical location. To a
considerable extent this division is indicated on the block
diagram (FIG. 46) by the spacing between circuits. The
subdivisions are:

(a) The pulse source circuit.—This circuit centers
around the pulse source flip-flop R39 located on FIG.
46-E. The circuit extends up to and including the gates
R22 on 46-B.

(b) The program ring circuit.—The program ring is
located on the upper portion of the block diagram, FIG.
46—-A. This circuit includes the program ring flip-flop
R41 and the associated gates, FIG. 46-D.

(¢) The sign indication circuit —This circuit (FIG.

5 46-C) includes the denominator flip-flop, the numerator

ring, and the sign indicating matrix (just below).

(d) The over-draft circuit—This circuit determines
when the numerator changes sign, that is, when there
has been an overdraft. This circuit is located at the top
center of the block diagram, FI1G. 46-B.

(e) The add-subtract circuit—This circuit programs
the trial additions or subtractions and is located directly
under the numerator ring and the sign indication circuit.
Its left hand part, FIG. 46-B, consists of the N, receiver
and the D, and Q, receivers. The right hand part, FIG.
46-C. consists of the Dg and Dy receivers and the asso-
ciated gatcs, inverters, and buffers.

(f) The round-off circuit—The round-off circuit is lo-
cated practically in the midst of the add-subtract circuits.
Tt consists of the round-off flip-flop and the associated
gates and inverters. It includes the gates R43.

(g) The root correction circnit.—This circuit is essen-
tially the receiver D and the root reset lines.

() The shift circuit.—The shift circuit is below the
overdraft circuit and to the right of the pulse source cir-
cuit. At the time of overdraft it causes the number in the
numerator accumulator to be transmitted to the shift
accumulator and then to be transmitted back again. A
shifter is used on the input («) to the numerator accumu-
iator so that the number is shifted one place to the left
when it comes back from the shift accumulator. The
shift circuits comprise the S,, Na, Sa. and N, receivers
and their associated gates and inverters.

(i) The clear and interfock circuits.—The clear circuits
are located in the upper left hand corner of FIG. 46-A
to the left of the program ring. These circuits determine
when the division or rooting process has finished and (de-
pending upon the setting of the interlock switch of an acti-
vated program control) perhaps when some other se-
guence of computations is finished (as indicated by the
output program pulse of that sequence arriving over one
of the interlock inputs). Since a division or root process
is of unknown length this allows the operator to carry on
other computations simultaneously and then to follow with
another sequence of computations only when both the di-
vision or root process and the other sequence are com-
pleted.

6.2.1. The Pulse Source Circuits

The pulse source flip-flop is normally in a state which
causes gates R44 and R46 to be open. 'The flip-flop is
in this position except for period 1II. Thus, during
periods I, 1I, and 1V central program pulses pass gate
R44, go through the inverter R47 and the cathode fol-
lowers R48 and R49. This produces a general pulse
(GP) which does the following things

(1) Goes to gates R22 (1) and R22 (2) to produce a
division pulse (DP), FIG. 46-B,

(2) Goes to gates R22 (5) and R22 (6) to produce a
square root pulse (SRP), FIG. 46-B,

(3) Goes to gate R51 to clear the program ring, FIG.
46-D,

(4) Goes 1o gate R52 to sct the program ring flip-flop,
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(5) Goes to gate R53 to produce a “P” pulse which
causes an add-subtract cycle to take place, FIG. 46-E,
(6) Goes to gate R54 to cause a shift cycle to take place,
(7) Goes to gate R55 to produce a root reset pulse,
(8) Goes to gate R56 to produce a “P” pulse which starts
another add-subtract cycle after a shift cycle is com-
pleted, and
(9) Goes to gate R57 (FIG. 46-B) to step the numerator
ring and set the denominator flip-flop in case of nega-
tive signs.

The gate R46 passes the one-primed pulse and during
a shift cycle this pulse passes gate R58 to step the quotient
place ring. Using the 1’P here allows extra time for the
quotient ring to step and set up its array of gates.

During period IIT the flip-flop R39 is set. This opens
the gate R59 and the central program pulses pass the
inverier R61 and the cathode follower R62 to produce
a ihird period pulse (HIIIP). This third period pulse does
the following things:

(1) Goes through the buffer R63 and the inverter R64
to give a root reset pulse, FIG. 46-F,

(2) Goes to the gates R22 (3) and R22 (4) to produce
a round-off pulse (ROP), FIG. 46-B,

(3) Goes through the buffer R66, inverter R67 and the
buffer R6§ to the pulse standardizer of the program

ring, FIG. 46-A.

The pulse source flip-flop R39 is set during a shift se-
quence by a pulse passing gate R69. This gate will be
opened by the inverter R71 going off, and this is caused
by a coincidence between the setting of the place switch
and the position of the quotient place ring as detected
by one of the gates R72. This flip-flop is reset either
by the program ring reaching stage seven and opening
gate R73 to pass a CPP or by a CI’ pulse arriving at
the buffer R74 from the clear circuits. The CI’ pulse
resets this flip-flop when initially clearing whereas the
CPP passing R73 indicates the division or rooting is
completed and by resetting R39 prevents the program
ring from stepping until another program control is acti-
vated.

Before a program input pulse is received by a trans-
ceiver to stimulate a given program control, but im-
mediately after initial clearing or the completion of a
previous program, the status of certain important com-
ponents of the divider and square rooter’s common pro-
gramming circuits may be summarized as follows:

In the program ring circuit, the pulse source flip-flop
and the program ring flip-flop are in the so-called nor-
mal state. The program ring (whose stages are desig-
nated by A, B, 1,2, . .., 7) is in stage A. The ob-
server viewing the divider and square rooter from the
front (see FIG. 44) observes that the pulse source and
program ring flip-flop neons are lit as is program ring
ncon A.

The numerator ring of the overdraft circuit is in stage
P (the corresponding neon is lit) and the denominator
flip-flop of the sign indication circuit is in the normal
state (with the denominator flip-flop neon Iit). If the
previously completed program was a square rooting pro-
gram, the divide flip-flop is in the normal state and the
divide flip-flop neon is off. Otherwise this flip-flop is
in the abnormal state and its corresponding neon is on.
The interlock, interlock coincidence, and clear flip-flops
are in the normal state (and their corresponding neons
are off). The receivers of the internal and external-
internal programming circuits are all in the normal state
and the neons corresponding to them are off.

In the numerical circuits, the place ring is in stage 1
(and the place ring neon numbered 9 in FIG. 44 is on).
The +2, —2, +1, and —1 receivers are in the normal
state (and their corresponding neons are off).
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6.2.2. The Program Ring Circuit

As soon as a program control of the divider and square
rooler is stimulated, period I is initiated. The char-
acteristics of period I as evidenced in the divider and
square rooter’s program ring circuit are given in the
following paragraphs.

The pulse source flip-flop, FIG. 46-E, remains in the
normal state so that a T'P is gated through R46 to pro-
duce a 1'Py and a CPP is gated through R44 to pro-
duce a GP pulse every addition time. If the program
control’s divide-square root and places switch is set at
a divide setting and the round-off switch at round-off or
no round-off, then GP is gated through R22 (2) or
R22 (1) respectively to produce a divide pulse (DP);
if the divide-square root and places switch is set at a
square root sctting and the round off switch at RO or
NRO, GP is gated through R22 (5) or R22 (6) respec-
tively to produce a square root pulse (SRP).

During period 1, also, the program ring flip-flop, FIG.
46-D, remains in the normal state so that DP or SRP
is gated through R76 or R77 respectively, FIG. 46-A,
to cycle the program ring 1 stage per addition time.

In the third addition time of period I, the program
ring is in stage 1. A signal from this stage gates a GP
through gates R51 and through R52 clearing the pro-
gram ring back to stage A and flipping the program ring
into the abnormal state at the end of addition time 3.
This marks the termination of period I for division;
period I for square rooting lasts one addition time longer.
(See Table 6-5 and Table 6-8.)

During period II the pulse source flip-flop remains in
the normal state so that GP, 1'P, and either DP or
SRP continue to be emitted at the end of every addi-
tion time, Since the program ring flip-flop is in the ab-
normal state (and gates R76 and R77 are closed) neither
DP nor SRP can cycle the program ring. The program
ring, therefore, continues to register stage A throughout
this period.

Period II is terminated and period Il initiated when
an S pulse (this is a pulse produced by the divider or
square rooter when a shift sequence is about to begin—
see below) is gated through R69 as a result of the coin-
cidence of a signal from the stage of the place ring
corresponding to the places setting of the divide-square
root and places switch and a signal from this same
switch. The pulse produced in this way is designated
in FIG. 46 by the symbol SS. The SS pulse flips the
pulse source flip-flop into the abnormal state.

During period III, then, 1'P; and GP (and therefore
either DP or SRP) cease to be emitted. Instead, a CPP
is gated through R59 at the end of every addition time
to produce a pulse designated by IIIP. IIIP cycles the
program ring 1 stage per addition time during period
HI.  Also, if the round-off switch has been set at RO,
IHP is gated through R22 (4) or R22 (3) (when the
divider-square root and places switch is set respectively
at a square-rooting or division point) to produce a round
off pulse (ROP) at the end of every addition time in
period ITI. Notice that ROP is emitted only if round off
is to take place.

Period III is terminated when the program ring has
been cycled through its 9 stages. Period IV is initiated
when a CPP is gated through R98 to produce an F pulse
and through R73 to produce an F’ pulse. The F’ pulse
resets the pulse source flip-flop into the normal state so
that in period IV (as in periods I and II) 1'P;, GP and
SRP or DP are emitted.

The positions of the program ring at all times is listed
in the division and square rooting times tables. The
following table gives the effect of each position of the
program ring.
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TABLYE 64
Period T
Position of Division Square rooting
program ring
A o e
B GateR 57 is opened to pass | Same as for division.
a general pulse (GP)
through the inverter B7Y
to the gates R81 and R82
to  set  the numerator
Dhinary ring and  the
denoninator flip-flop in
case of negative signs.
) . (1) Opens pates R51 and | Same as for divigion.
RS2 to clear program ring
and to set Lhe program
ring flip-flop.  This causes
the ring to clear to zero and
r(imuin there until period
I.
(2) Opens gate R83 which (2) Opeps gates R84 aml
g a division pulse R86. These pass square
(ziving a P pulse) starting rooting  pulses  (RRD)
the first add or subtraet which eause +1 to b
eyele (1TA). placed in the denominu-
{or accumulator 1o start
(he sguare root Process.
Period I11
{(Operation is same in division or square Touting)
A
B.ooo- Opens gate RR{7 to poass o round-off pulse (ROP) givinga

I’ pulse which starts the add or subtract proeess.  Gote
RA7 is opened but with no offeet sinee general palies
{G1) are not produecd in this pericd,

No effeel since GP, DP, or 8RP pulses are
Lhis period.

not produced

Opens gate RE8 o pass an ROT giving a reset prlse which
ferminates the add or subtract process star ted above.
Opens gate R8G passing an ROYP through the iv tor ROL
to gate R92. In case ol no overdraft RE2 passes Chis
pulse through the inverter RO3 into the round-off
cireuits. Opens R73 reselting the pulse souree Mip-flup.
T ieeeeee Opens R98 which passes o CPY Lo the clear cirenits.

6.2.3. The Interlock and Clear Circuits

These circuits consist of three flip-flops and associated
gates and inverters. One flip-flop R35 remembers wheth-
er the interlock signal has arrived or not (the interlock
signal is the output program pulse for the last operation
of the sequence of computations which goes on simul-
taneously with the root or division process). Another
flip-flop R94 remembers the fact that the division or rcot
process is finished. These two flip-flops open gates R37
and R33 which pass a central program pulse serially set-
ting the flip-flop R96. The interlock flip-flop R35 may
be by-passed in case the interlock switch is set at “NIL.”
In this case the CPP passes gate R31 instead of gate R37.
The pulse passed by R33 resets the flip-flop R94.

The output of flip-flop R96 opens gate R97 in the acti-
vated transceiver and gate R98. A CPP passes gate R98
and the inverter R99 to provide the CI’ pulse. Thus,
CL’ is a positive pulse. In some places a negative pulse
is needed for the clearing action so the CI’ pulsc goes
through a buffer R101 to produce the C/ pulse—a negu-
tive pulse,

The C/’ pulse does the following:

(1) May pass gate R34 (depending upon the position
of the corresponding interlock switch) to reset the inter-
lock flip-flop R35.

(2) Turns on the buffer R102 causing the program
ring to clear back to stage A.

(3) Turns on the buffer R74 resetting the flip-flop R39.

(4) Turns on the buffer R103 producing a root reset
pulse which resets the D’y receiver R104 and the +1 and
—1 receivers.

The C! pulse does the following:

(1) Resets the flip-flop R96.

(2) Resets the denominator flip-flop R106.
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(3) Turns off the inverter R107 causing the numera-
tor binary to be cleared.

To summarize, the F pulse sets the interlock coinci-
dence flipflop R94. Then the next CPP gated through
R37 if the interlock switch is set at I and the interlock
flip-flop has been set as a result of the reception of an
intcrlock input pulse is gated through R33 (controlled by
the interlock coincidence flip-flop). It is to be noied
that the interlock flip-flop is insensitive to which of the
8 interlock input terminals has been pulsed. An inter-
lock input pulse received at any of the intcriock input
terminals sets this flip-flop regardless of which program
control on the divider and square rooter has been stimu-
lated. This flip-flop is also insensitive, in some respects,
1o the time of reception of the interlock input pulse. An
interlock input pulse received any time after the comple-
tion of one divider and square rooter program (and this
may even be before the stimulation of the next divider and
square rooter program) serves to flip the interlock flip-flop
for the next divider and square rooter program. The sig-
nal gated through R33 resets the interlock coincidence
flip-flop and sets the clear flipflop. The setting of the
clear flip-flop results in the emission of a reset signal for
the transceiver and the emission of the CL. and CL’ pulses.
The CL and CL’ pulses arc responsible for clearing the
program ring circuit, the place ring, the numerator ring,
and the denominator flip-flop prior to the commerce-
ment of a divider and square rooter program (see Section
6.2.1).

6.2.4. The Overdraft and Sign Indication Circuits

The overdraft and sign indication circuits receive the
information upon which they operate (in the case of the
overdraft circuit, the sign of the contents of the numera-
tor accumulator and in the case of the sign indication cir-
cuit, the sign of the denominator) by means of static leads
from the numerator and denominator accumulators’ PM
counters. The N— and N+ lines carry sign signals if
the contents of the numerator accumulator are respec-
tively negative or positive. The D~ line delivers sig-
ral indication circnits only if the denominator is negative.

The overdraft circuit is a matrix of gates similar to that
in the sign indication circuit. This matrix is fed by the
output of the numerator ring and by the static outputs
of the PM ring in the numerator accumulator. The set-
ting of the numerator ring is fixed during the process of
addition or subtraction (in both division and square root-
ing) and its setting depends upon the original sign of
the numerator and the number of shifts which have oc-
curred. When the PM sign of the numerator changes
indicating an overdraft the static leads to the overdraft
circuit change their potential causing a different gate 10
conduct.

As explained in the next section the add-subtract cycle
takes two addition times. Thus, there is a full addition
time after each trial addition or subtraction for the PM
static lines from the numerator accumulator and the over-
draft circuits to set up.

Thus, the sign indication circuits remember the sign of
the denominator by the denominator flip-flop (remains
unchanged throughout the whole process) and the sign of
the numerator (by the numerator binary ring) (changes
after each overdraft); and the overdraft circuit detects a
change in sign of the numerator (or radicand in case of

5 square rooting).

After the program ring has reached stage B (in period
1), allowing the numerator ring to be stepped if neces-
sary, gate R107 (3) will be conducting if the numeralor
is positive or else R107 (2) in case the numerator is nega-
tive. Then gate R169 is closed and gate R111 is open.
Gate R111 being open leads to the production of a pulse
P which causes the add-subtract cycle to take place. When
an overdraft occurs R167 (1) or R107 (4) is conduct-
ing, causing gate R111 to close and R109 to open. This
leads to a shift sequence, that is the numerator is sent L0
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the shift accumulator and then transmitted back through
a shifter which moves it one place to the left.

The overdraft circuit consists of the numerator (binary)
ring R112 whose stages represent sign P and sign M
respectively and the 4 gates R167. Each of the 4 gates
receives one input from the numerator ring and the
other from either the N+ or N- line. The gates R107
may be thought of as (M, N—), (M, N+), (P, N-), and
(P, Nt) gates where the first symbol in a parenthesis
designates the stage of the numerator ring and the second
the numerator sign line to which the gate is connected.

The numerator ring R112 clears to stage P at the end
of a program and, in the midst of a program, can be
cycled only during period I or at specific times in periods
Il and II. In period I, when the program ring is in
stage B, a GP is gated through RS7, the resulting signal
is gated through R81 to cycle the numerator ring from
stage P to M only if the numerator is negative. During
period II and I, the numerator ring can be cycled only
when R80 opcns to pass a CPP. Gate R80, however, is
open only when the S« receiver is set and this receciver is
set only after an overdraft has occurred.

Thus, the 4 gates receive information about the current
sign indication of the contents of the numerator accumula-
tor over the static leads from the numerator accumula-
tor’s PM circuit. The numerator ring, on the other hand,
registers the sign of the contents of the numerator accu-
mulator before the denominator is either subtracted from
or added to the contents of the numerator accumulator.
The 4 gates in the overdraft circuit compare the current
with the past sign of the contents of the numerator accu-
mulator. The coincidence of signals to gate R107 2)
(M, N—) or R187 (3) (P, N+) leads to the emission of
an NO signal. Similarly gate R167 (1) or Ri07 4
emits an O signal upon the coincidence of signals on both
inputs.

As long as an NO signal is emitted the basic operation
sequence of period II is performed. When an O signal
is emitted, the basic operation sequence is interrupted
either by a shift sequence or by the initiation of period
III. The O and NO signals produce these results by in-
hibitory actions since no inverters intervene between the
gates of the overdraft circuit and the gates to which O
and NO are delivered. When NO is emitted, gate R1§9
is closed and gate R111 passes a signal which gates a GP
through R53. The resulting pulse is designated by P.
The P pulse is produced in other ways when the sensing
of overdraft is irrelevent or unnecessary. At the end of
period I in division, a signal from stage 1 of the program
ring gates DP through R83 to produce a P pulse. Also,
after shifting of the numerator accumulator’s contents in
period I1, a signal from the N’ receiver gates a GP through
R36 to produce a P pulse. In period III, the P pulse is
produced when a signal from stage B of the program ring
gates an ROP through R87. The P pulse, in period II,
initiates the basic operation sequence; and in period III,
initiates the 5 substractions or additions of the denomina-
tor to the contents of the numerator accumulator by set-
ting the N, receiver and either the Dg or D, receiver.
In period III, moreover, when NO is emitted, gate R92
passes a signal (emitted when a signal from stage 6 of
the program ring opens gate R8% so that an ROP can
pass) which activates the correction of the answer in
accordance with the state of the divide flip-flop. When
the O signal is emitted, gates R111 and R92 are closed
and gate R199 passes a signal from the D, or Q, receiver
which, in turn, gates a CP through R54 to produce an S
pulse. The S pulse motivates the shift sequence of period
II or, when gated through R$9 to produce an SS pulse
initiates period III.

The sign indication circuit is quite similar to the over-
draft circuit in its components and functioning, This
circuit consists of 4 gates R198, the denominator flip-flop
R186. Each gate is connected to one of the 2 output
leads from the denominator flip-flop and to either the

10

15

20

25

30

40

60

75

1456

P or M stage of the numerator ring. The denominator
flip-flop is in the normal state when a program commences
and can be flipped into the abnormal state to remember
the fact that the denominator is negative at only one
specific time in the course of a divider and square rooter
program. This one specific time is addition time 2 of
period I when gate R57, held open by a signal from stage
B of the program ring, passes a GP which can then pass
through gate R82 to flip the denominator flip-flop if the
contents of the denominator accumulator are negative.
Once flipped, the denominator flip-flop remains in the
abnormal state until reset by CL in period IV.

If the denominator is positive (and therefore the de-
nominator fiip-flop is in the normal state) and the con-
tents of the numerator accumulator before a subtraction
or addition of the denominator are positive or negative.
(So that the numerator ring registers P or M respectively),
then gates R108 (4) or R108 (2) respectively emits a
like sign or unlike signal. Similarly, gates R168 (1) and
R108 (3) emit a like or unlike sign signal respectively.

Note that the arrangement of the gate tubes in this cir-
cuit is not the usual plan followed elsewhere in the
ENIAC. Usually, there is an inverter between two gates.
If the first gate tube begins to conduct it causes the in-
verter to go off. The resulting positive signal causes the
second gate tube to conduct (assuming the other control
grid is sufficiently positive). Here in the sign indication
circuit (the same is true in the overdraft circuit, see Sec-
tion 6.2.4) there is no inverter between the gate tubes.
The plates of R108 (4) and R168 (1) are connected to
one control grid of the gate tubes R113, R43 (1) and
R43 (2). Thus, if gate R108 (4) or R108 (1) is con-
ducting, the grids of the three gates arc held below cut-off
and none of them can conduct. On the other hand, if
neither of these gates is conducting then their plate poten-
tial is relatively high and the gates R113, R43 (1), and
R43 (2) will conduct if a relatively positive signal is ap-
plied to their other control grids.

The like sign signal closes gate R113 so that gate R114
passes a P pulse (see Section 6.2.4) which sets the Dg
receiver. The unlike sign signal closes gate R114 so that
gate R113 passes a P pulse which sets the D, receiver.
The coincidence of like or unlike sign signal and a signal
from the round off flip-flop also determines which re-
ceivers of the internal-external progarmming circuits and
of the numerical circuits are set in period III.

Note that the denominator flip-flop is changed only at
the beginning of the process, that is, it does not change
its state during the process of division or square rooting.
On the other hand, the numerator ring is stepped at the
start for negative numerators and, in any case, is stepped
during each shift sequence. At the end of the process the
clear pulse (C/) arrives from the clearing circuits and re-
sets the flip-flop and clears the numerator binary ring.
6.2.5. The External-Internal Programming Circuits

A program input pulse delivered to a program pulse in-
put terminal of the divider and square rooter immediately
passes through the numerator and denominator accumula-
tor switches (R3 and R4) whence it sets the N, or N; and
D, or D, receivers R7. Thus, during addition time 1
of period I, the numerator and denominator accumulators
receive their arguments if this reception is controlled by
the divider and square rooter. The arguments may of
course, be received prior to this if their reception is con-
trolled locally at the accumulators. At the end of addi-
tion time 1, a CPP resets these receivers and they do not
function again in any subsequent period of the program.

The N, and D4 or Dg receivers (in the Add-Subtract
circuit) function during period II and, if round off is speci-
fied, during period III. The P pulse (see Section 6.2.4)
sets the N., (R116) receiver at the same time that it sefs
the Dj or Dg receivers R117 (depending on whether the
unlike or like sign signal is being emitted). During peri-
od II, GP resets these receivers one addition time after
they have been set. In period III of round off programs,
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the N, and Dy or Dg receivers remain set throughout addi-
tion times 3, 4, 5, 6, and 7. At the end of addition time 7
an ROP gated through R88 by a signal from stage 5 of
the program ring rescts these receivers. Thus, the de-
nominator is subtracted from or added to the contents of
the numerator accumulator 5 times in round off programs.

During period II, when DP or SRP is being emitted, the
setting of the N, receiver leads, one addition time later,
to the setting of the Q, side of receiver R118 in the pres-
ence of a division pulse (DP) or the D, side of receiver
R118 in the presence of a square root pulse (SRP). Si-
multaneous with the setting of the Q, receiver, DP sets the
-1 side of receiver Ri50 if the Dg side of receiver R117
was previously set or the —1 side of receiver R150 if the
D, side of receiver R117 was previously set. Similarly,
in square rooting programs, the 42, or —2 side of re-
ceiver R151 is sct at the same time as the D, receiver is.

During period III of round off programs, the setting of
the D, or D, receiver does not result from the setting of

the N, receiver, but, instead, takes place if a ROP is gated ¢

through R92 becanse NO is emitted. The ROP is then
routed to set either the D, or Q, receiver by means of
gates controlled by the round off flip-flop. This same
ROP and other gates contrelled by the round off flip-flop
effects the setting of the 42 or —1 receiver (if the Ds
receiver was set during addition times 3-7) or the —2 or
—1 receiver (if the D, receiver was previously set).

During period II, the emission of an O signal leads to
the emission of an S pulse (see Section 6.2.4). The S
pulse sets the S, and Ngreceivers. A CPP gated through
R119 as a result of the setting of the S, receiver causes
the setting of the Sac and N’, receiver R121. Thus, in
cither division or square rooting, the shifting of the con-
tents of the numerator accumulator one place to the left
is provided for.

The S pulse also sets the D', receiver R104 and, gated
through R122 or R123 by a signal from the +2 or —2
sides of receiver R151 respectively, sets the —1 or -1
receiver. The D’, receiver and the +1 or —1 receiver
remain set for 2 addition times in period II for square
rooting. They are reset when a CPP is gated through
R124 after the NO state of affairs is restored in the over-
draft circuit. Since the D', and +1 or —1 receivers re-
main set for 2 addition times and, since the place ring is
not cycled until the second addition time (see Section
6.3), the correction of twice the root as described in Sec-
tion 6.0 (a change of one unit first in one decade place
and then in a decade place one further to the right) takes
place: 1t is to be noted that in period II for division, the
D', receiver is set but that there is nothing for the denomi-
nator accumulator to receive at the time since neither the
-1 nor the —1 receiver is set in division. DP resets
the D’, receiver in the division case one addition time
after its setting.

At the beginning of period IIL also, the S pulse sets the
S, and Nac receivers and one addition time later the
Sac and N’, reccivers are set. In period III, the D', re-
ceiver is set and either the --1 or the —1 receiver is also
set in the case of a square rooting progranm. It is to be
noted, however, that IIIP resets the D', receiver and the
+1 or —1 receiver one addition time after their setting
in period IIL so that iwice the square root is corrected by
only one unit in the last answer place.

When the clear flip-flop R96 is set (see Section 6.2.3),
gate R97 in the transceiver emits a sjgnal which has 3
effects: (1) passing through the answer disposal switch,
it sets the answer disposal receiver (1, 2, 9, 11) specified
by the setting of switch R126; (2) passing through the
numerator and denominator accumulator clear switches
R3 and R4, it allows the carry clear gate to pass through
gate R13 (1) (if only the denominator accumulator is to
be cleared), through gates R13 (2) and R13 (3) (if both
the numerator and denominator accumulators are to be
cleared), or throngh gate R13 (4) (if only the numerator
accumulator is to be cleared); (3) it gates a CPP through
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R127 to provide the transceiver's reset signal and a pro-
gram output pulse.
Thus clearing of the numerator and/or denominator ac-
cumulators takes place a little prior to the emission of a
program output pulse and answer disposal signal.

6.2.6. The Divide Flip-Flop

The divide root flip-flop R142 is set or reset during peri-
od I of divider and square rooter programs. In division
programs DP flips this flip-flop into the abnormal state
(and turns on the corresponding neon); in square rooting
programs, SRP resets this flip-flop if it was previously
flipped into the abnormal state in a division program.

The effects of this flip-flop on the divider and square
rooter’s common programming circuits become apparent
in addition time 8 of period 111 for round off programs
when an ROP is gated through R89 by a signal from stage
6 of the program ring. If the signal from gate RS89 is
gated through R92 as a result of the emission of the NO
signal, then, in the division case, this signal is oated
through R128 to set the Q, receiver and through gate
R129. The signal from gate R129 is gated through R43
(4) to set the 41 receiver or through gate R43 (1) to set
the —1 receiver when the like or unlike sign signal respec-
tively is emitted. Similarly, in the square rooting case,
the D, receiver is set by a signal gated through R131 and
either the -2 or —2 receiver on the coincidence of a sig-
nal from gate R132 and either the like or unlike sign sig-
nal respectively.

6.2.7. Chronological Description of the Common Pro-
gramming Circuits

Tables 6-5, 6-6 and 6-7 summarize the operation of
the common programming circuits during periods I, II,
and III respectively of a division program. The corre-
sponding summaries for the square rooting case are found
in Tables 6-8, 6-9, and 6-10. Table 6-11 summarizes
the events of period IV for both square rooting and divi-
sion.

Below the title, each table carries a statement indicat-
ing the number of addition times required to complete the
events of the period. In some cases, the events which
occur in the last addition time of the period are listed in
the comment column beside the events of the next to the
last addition time instead of on a separate line (e.g., the
events of addition time 4, period I, for square rooting in
Table 6-8). This is done when the event described oc-
curs, not in the common programming circuits of the
divider and square rooter, but rather in an associated ac-
cumulator.

The overlapping of periods is also indicated on the
tables. For example, addition time 3 of period I for divi-
sion overlaps with addition time d of period II for the
first basic division sequence. Thereafter, addition time
d overlaps with the second addition time of the basic
division sequence or with the second addition time of the
shift sequence.

It is recommended that Tables 6-5 through 6-11 be
compared, at this time, with the illustrative problems in
Tables 6-1 and 6-2.

From the tables, it appcars immediately that the exact
number of addition time required to complete any given
division program (provided that the divider and square
rooter need not mark time waiting for an interlock input
pulse) is 14+2(p—2)-+2 (number of additions or sub-
tractions of the denominator) and that the number of
addition times for any given square rooting program is
15+4+2(p—2)+2 (number of additions or subtractions
of the contents of the denominator accumulator) where
p is the number of places specified by the setting of the
divide-square root. Since overdraft can never occur in
division by zero, division by zero consumes an infinite
number of addition times. 1f denominator equal to zero
is a computational possibility, the operator should pre-
cede division programs by discrimination programs with
the purpose of avoiding such divisions,
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TABLE 6-5.—DIVISION—INITIAL SEQUENCE—PERIOD I
[Requires three addition times: 1-3]

Add. Time
(and Prog. Signal Effect Comment
Ring stage)
[ (1) Program input pulse_...___ ¢)) (1)
(A) (a) Scts transcelver In the divider_______________ (a)

(b) Scts Naor Ngandjor Da or Dg receivers__.._. (b) The numerator and/or denominator are
then reecived by the numerator andfor de-
nominator accumulator respectively in add.
time 1.

D S, 1) CPP. . (1) Gated through R44 by a slgnal from the pulse| (1) This effect oceurs in every subsequent add.
{A) %)}JI'CL\ ]flip-ﬂop (in the normal state) produces a }lme of a division program except during period
P pulse. I.
(2 QP (2) Gated through R22 (1) or (2) produces a DP (2) This effect occurs in every subsequent add.
pulse, %11111( ol a division program cxcept during period
@) DPo o @ @

(a) Gated through R76 by a signal from the ()
program ring flip-flop, eycles the program ring
to stage B.

(b) Sets the divide flip-flop if this flip-flop Is in (b) This turns on the divide flip-flop neon.
the normal state.,

(1) GP gated through R57 by | (1) Is then gated through gate R81 by the N-

(B) a signal from stage B of the signal so that the numerator binary ring is cycled
program ring. to smlge M iu the event that the numerator is
negative,
(2) D-signal...__..___._____ (2) Isgated through R82hy the output of gate R57, (2) This turns off the denominator flip-flop neon.

Output of gate R82 scts the denominator flip-flop
in the event that the denominator is negative,

@Y DP________ (3) Cycles the program ring to stage 1._______.____
F: I, (L DP...___.. @
[¢)} (a) Gated through R83 by a signal from stage 1
of the program ring produces a P pulse.
L @ . (2 .
(a) Sets the Ny receiver__.______..._____________ (aand b) Then during add, timne 4, the numerator
(b) Gated through RI14 when the like sign accumulator receives cither the complement of
siznal closes R113 sets the Dg receiver or gated the denominator or the denominater. Atthe
through R113 when the unlike sign closes R114 end of add. time 4, GD resets these receivers.
and sets the D 4 receiver. The setting of these reccivers is the event
deseribed (in the table for period 1I) as oceur-
ring in add. time d=3-2n for n=0,
@) GPo . 3)

[¢))
(a) Gated through R5L by a signal from stage 1, (a)
clears the program ring to stage A.
(b) Gated through R52 fiips the program ring (b) The program ring flip-flop ncon is turned off
{iip-flop. at this tiime,

TABLE 6-6.—DIVISION PERIOD TI-BASIC DIVISION SEQUENCE
[Requires two add. times: d47 and d-+£]

Add, Time
(and Prog. Signal Effect Comment

Ring Stage)

For n=0, this add. time is counted as part of period [
Far n>-0, this add, time coincides with add. time s+2 of period 1L
or add, time d4-2 of period I

d=3+42n Ior (1) P pulse derived from GP gated | (1) (1) During add. timc d+1, then, the
n=o0. For through R33 as a result of the csinci- {n) Sets the N recciver. numerator accumulator receives either
720 see dence of the N O signal and a signal fromw (b) Gated through R114 when the like the complement of the denominator
period I, the Q. receiver sign signat closes R113. P sets the Dg {(when the numerator and denominagtor
(A) or GP gated through RAG hy a signal from receiver or gated through R113 when have the same signs) or the denominator
the N’y receiver. the unlike sign signal closes R114, I {(when the numerator and denciminator
or (see perivd 1) DT gated through R&3 scts the DA receiver, have unlike signs). While these re-
by a signal from stage 1 of the program ceivers arce set, the correspounding neons
ring. are on. At the end of add. time d+41,

these receivers are reset by a GP.
[ 5 P LD 5 3 1) (1) During add. time d+-2, then, the quo-
(a) Gated through R133 by a signal from tient accumnlator receives 1 in a given
the Ny receiver, sets the Qq receiver. deeade place if the denominator was

(b) Gated through RI136 by a signal subtracted from the numerstor or re-
from the Dg receiver, sets the +1 ceives the complement of 1 if the de-
receiver or, gated through RI137 by a nominator was previously added to the
signal from the DA receiver. sets the nunierator. The neons corresponding Lo
-1 receiver. these receivers arc on as long as the

receivers are set, The Qa receiver is

reset by a CPP and the 41 or —1 receiver

i; resct by a DP at the end of add. lime

d4-2.

SIIITT SEQUENCE
[Requires two add. times: s41, s+2]

This add. time coincides with add. time d4-2 above

§=3+2n for (1) 8 pulse preduced when a GP is gated | (1) 1)
nx1. through R34 as a result of the ¢oinci- (a) Sets the S, and NAC recelvers._..._ (a) During add. time s4-1, the numerator
dence of an O signal and a signal from is transmitted (with clearing) from the

numerator accurnulator and reccived
in the shift accumnlator. At the vnd
ol add. time a+1, a CPP resets the 8
receiver and NAC receiver,

the Qa receiver,



151

3,120,608

152

TABLE 6-6.—DIVISION PERIOD II—SHIFT SEQUENCE—Continued

{Zequires iwo add, times: s+1, s+2]

Add. time
fand Prog.
Ring Stage)

Signal

Effect

Commcnt

(¢) Ifgated through IR69 as gresult ol the

(b) Sets the D’y receiver. ooooneooenonn-

(b)y There is no pumerical eflect on the
division from the setting of the DYy
receiver since there is no data for the
denominator accumulator to receive
during add, time s-+1. This recciver
is reset 2t the end of add. time s4+1 by
a DI,

(¢) 88 pulse terminates period II and

coincidence of signals from the places initiates.
switeh and place ting, produces an 83
pulse (see Table 6-6).
5 =0 D, (1) Signal from the Sq receiver R138___..—- )} ()]
(2) Gates 17Dy through R58 to protuce (a)
(A} 1;1’2 which eyeles the place ring 1
stace,
(b) Gates o CPP through R8D =0 that (1) Asartesull O ceases 1o be emitted and
the numerator hinary ring is eycled 1 NO is emitted instead.
stage.
(¢) Gates o CPP through R119 so ihat (¢) Then the shift accumulator transmits
ihe N’¢ and Sac receivers are set. (and clears) ity contents to the pumer-
ator accumulator during add. time
s+2. At the end of add. time s+2, a
CPP resets (e N7y and 8ac receivers,
TABLE §-7,—DIVISION PERIOD III—-ROUND OFF OR NO ROUND OFF
[Items relevant only to the round-off case are circled. Requires 9 add. times: 1-9]
Add. Signat Effect Comment
Time
This add. time coincides with add. time d+2 of period IT
0.____1 (O S pulse produced when a GPis | (1) 1)
gated through R54 as a result of (a) Sets the 84 and Nac recelvers. .ooonooooooe (a) During add. time I, then the numerator accu-
(A) the ecoincidence of an O signal and mulator transmits (and clears) its eontents to
a signal from the Qa recciver. the shift acewmulator. A CPP resets these
receivers in add. time 1.
(1) Sets the D’y recelver. o ooooouemocrimneaes (b) Since during add. time 1, there is no numerical
data on the tray from which the Dy channcl
receives, there is no numerical result from 16.
(¢) Gated through RG9 as a result of the coincl-
dence of signals from the places switch and
place ring, produces an S8 pulse.
(2) S8 PulsSeo e (2) Sets the pulse souree flip-op. . —ooooomennn- (2) At this time, the pulse source flip-flop neon is
turned off.
) PR (1) CPP oo n (1
(A) (a) Gated through R80 by a signal from the S« (a) So that NO ccases to he emitted and O is
receiver, eycles the numerator binary ring. pmitted by the sign indieating cireuit.
(b) Gated through R118 hy & signal from the Se (b) So that, during add. time 2, the numcrator
receiver, sets the Sac and Ny receivers. aeccumulator receives the number transmitted
(with clearing) from the shift accumulator.
At the end of add. time 2, these reeeivers are
reset by a CPP,
(¢) (ated by R59 produces a 1T PulSCoocacaceee - (c) This pulse is produced in every subsequent
add. time of period IIL
1330 5 85 < 2) @
() ( Gated by R22 (3) produces ROP....._.. (n) ROP is produced in every subsequent add.
time of period I1T if round off is specifled.
(b) Cycles the program ring to stage B
. (c) Resets the 1)’y receiver-.._... -
______ (1) ILIP (1) Cycles Program ring to stage ) SR 5 ¢ §)
(B) @) ROP e @) { Gated through R87 by a signal from stage (2)
B of the program ring produces a P pulse.

@) f Scts Ny and D4 or Dg recciver depending (3) These receivers remain set during add. times 3,
on whether unlike sign or like sign signal 4,5, 6, and 7 (See below). They are reset at the
is emitted. end of add. time Y. Therefore, the numerator

acemmalator reccives either the denoininator or
its complement five times.
______ () TIIP oo mmm e (1) Cyecles program ring to stage 2. oo eoaeen
(1
_),.A__ (1) TIIP e eeeeemm oo (1) Cyecles program ring tostage 3___ .o —.o.--
(2
_)___., (1) 11T (1) Cyecles program ring to stage S




153

3,120,808

154

TABLE 6-7.—DIVISION PERIOD III—ROUND OFF OR NO ROUND OFF—Continued
[Items relevant only to the round off case are circled. Requires 9 add. times: 1-9]

Signal

Effect

Comment

(1) Cyeles program ring tostage 5._______.._______

(1) [ Gated through R88 hy a signal from stage
5 of the program ring, rescts the Ny and

D or Dareceivers,

(Y IR (2) Cyeles the progrom ring tostage 8______._____

- FOR (W ROP.. (1) } Gated through R89 by a signal from stage (1) Thus, if the subtraction or addition of 5 times
G of the program ring produces 4 signal the denominator which takes place during add,
which, if gated through R90 by NO, times 3 through 7 does nat produce an overdraft,
passes through RI28 to set the Qa re- during add. time 9 the quotient is increased (when
ceiver and through R120, The signal numerator and deneminator have like signs) or
from R129 passes through R43 (4) when decreased (when numecrator and denominator
the like sign sional is emitted and sets have unlike signs) by 1 unit in the last place at
the 41 receiver or passes through R43 the right as specifled by the setting of the places
(1) to set the —1receiver when the unlike switch, At the end of add. time 9, ITLP resets and
sign signal is emitted. the 41 or —1 receiver and a CPP rescts the Qa

/ receiver.
() TP e (2) Cycles the prograni ring to stage 7
TABLE 6-8.—3QUARE ROOT PERIOD I
[Requires four add. times: 1-4)
Add. Time
(and P’rog. Signal Effect Comment
Ring Stage)
____________ (1) Program input pulse...| {1) 1)
(A) (a) Bcts transceiver in the divider and square
rooter,
(b) Scts Na or Ng recciver (b) The numerator is then recelved by the num-
crator accumulator during add, time 1.
____________ ) CPP._.______..._.____| (1) Gated through R44 Dy a signal from the pulse { (1) This effect aceurs in every subsequent add. time
(B) source flip-flop, produces a GI* pulse. of a square root program except during period III.
(2 OGP .. (@) Gated through R22 (6) or R22 (5) produces a SRP.| (2) This effect oceurs in every subsequent add. time
@ )ol 4 square root programn except during period ITI.
(a) Gated through R77 by a signal from the pro-
grani 1I;ing flip-flop, eycles the program ring to
stage B.
(b) Resets the divide flip-flop if this flip-flop is in (b) This turns off the divide flip-flop neon.
the abnormal state.
2l (1) GP gated throngh R57 | (1) Gated through R81 by the N- signal cyeles the (1) The divider and square rooter, however, does not
(1) by a signal fron stage numerator ring to stage M if the radicand is nega- find the real coefficient of i correctly if the radicand
B of the program ring. tive., is negative,
2y SRP (2) Cycles the prograin ring to stage 1. ._...____
S, (1) SRP_ .. 1 (4]
(A) (a) Gated through R84 by a signal from stage 1 of (a end h) Thus, during add. time 4, the denomina-
the progran ring, sets the Dy receiver. tor (twice the root) accuinulator receives 1 pulse
(b) Gated through R86 by a signal from stage 1 of in the 108 deeade. At the end of add. {ime 4, a
the program ring, sets the +1 receiver. CPP resets the Dy recelver and a CPP gated
through as a result of the coineidence of the NO
signal and a signal from the I, receiver, resets
the -+1 receiver,
@ GPoeeee 2 . @
(a) Qated through R51 by a signal from stage 1,
clears the prograimn ring to stage A.
(b) Gated through R52 by a signal from stage 1 () The program ring flip-flop neon is turned off at
{flips the prograin ring flip-flop. this time,
TABLE 6-9—~SQUARE ROOT PERIOD II—BASIC SQUARE ROOT SEQUENCE
[Requires two add. times; r+1, r+2]
Add. Time Signal Effect Comment
For n=0, this add. time coincides with add. time 4 of period I.
For n>>0, this add. time coincides with add, time s+2 or r42 of period IIL
r(=4+2n (1) P pulse derived from GP gated ) 1)
for n>0). through R53 as the result of the co- (a) Sets the N+ receiver. (a and b) Thus, during add. time r41, the
incidence of a signal from the Dy (b) Gated through R114 when the like sign numerator accumulator receives the coimn-
(A) receiver and an N O signal signal i3 emitted, sets the Ds receiver or lement of the denominator (when N aud
or GP gated through R56 by a signal gated through R113 when the unlike sign have like signs) or receives the denoui-
from the Ny receiver (after a shift signal is emitted, scts the D a recetver, nator (when N and D have unlike signs).
sequence). These reccivers are reset by GP at the
end of add. time r+1.

r+1l . ) SRP. .. (€))] ) .

(a) Gated through R134 by a signal from the (a and b) Thus, in add. time r+2, the de-
N+ receiver sets the )y receiver. nominator accumulator receives lwo in a
(4) (b) Gated through R13Y or R141 respec- given decade place of the compleinent of 2
tively by a signal frem the Da or D4 re- if the denominator was previously sub-

ceiver scts the +2 or —2 receiver tracted or added respeetively.
The Dy receiver and the +2 and —2 re-
ceivers are reset by a CPP at the end of

add. time r42.
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TABLE 6-9.—3QUARE ROOT PERIOD II—SQUARE ROOT—SHIFT SEQUENCE—Cuntinued

[Requires two addition times: s+1, s+2]

156

Add. Time Signal Effect Comiment
{ This add. time coincides with add. {ime r+2
s(=442n (1) 8 pulso produced when a GF is (1) (1 .
for n>1). gated throngh R54 as a result of the (a) Sets the Seand N ac receivers. ... (a) As a result, the shift accumulator re-
coincidence of an O signal and 2 sig- ceives the numerator from the numerator
A) nal from the Dy recetver. accmnulator which transmits and clears
during add. time s+1. At the cud of add.
s+1, a CPP resets these receivers.
(bland ¢) During add. ttirne 8+1, th]en, the
3 inalor accutnulator receives the com-
(b) Sets the D’y 16eeITer. oo ooeomooan denomina o yus s o
(¢) Qated through R122 by a signal from the pi:{iﬁoi}t (ﬁgrlhi)f lﬁf&’lflfvliggsnﬁﬁf&:‘lfc‘;‘;}c
+2 recciver, sets the ~1 receiver or galed Ht'ﬂ(ﬁlliﬂa(ﬂt' ‘%c 'um]urh‘]tor reZ*vilvcd :_,2 ne
through R-123 by a signal from the —2 2 respecti ].(- 0 Tecade DI or
ecpiver, sots the -1 reeciver. —2 respectively in the same ¢ ecade place.
I 4 The 1Y rveceiver and the 41 or —1 re-
¢eiver remain set through add. time s+4-2.
(d) If gated through R69 as a result of the (d) S8 pulse initiates period ITL  (Sec chart
coincidence of signals from the places Tor period IIL)
switch and plaees ring prodaces sn S8
pulse (see Table 6-10).
5 DO (1) Signal from the Sereceiver........ (1)
(a) Gates 1Py through R58 to produce 1P,
(A) which eycles the place ring one stage.
() Gates a CPP through RS0 so that the () As a result O ceases to bo cmitted and
numerator hinary ring is cycled 1 stage. N O is emitted insiead,
() Gates u CPP through 1119 so that the (¢) During add. time 3-2, then, the numera-
N’y and Sac receivers are sct. tor accumulator receives the contents of the
shift accumulator which transmits and

clears. At the end of add. time s42, a

CLP resets the N’y and Sac receivers.

(2) See 1c of addition times..__....... (2) The D’y and +1 or —1 receiver remains set.| (2) Therefore, during add. time s+2, the de-
hominator accumulator receives 41 or the
complement of 1 but this time one decade
place further to the right than during add.
time s+1.

At the end of add. time s+2, GP pated
through R55 by 8 signal from the N’y re-
ceiver resets the DYy receiver and the +1 or
—1 receiver,

TABLE 6-10—SQUARE ROOT PERIOD III—ROUND OFF OR NO ROUND OFF PERIOD
|Requlres nine add. times: 1-9. Items relevant to the round off case only are circled]
Add, Signal Effcet Comment
Time
This add. time coincides with add. time r+2 of period II. J
[\ (1) 8 pulse produced when ) )
a GP is gated through (a) Sets the Sa and N ac receivers. (8) During add, time !, then, the numerator aceumu-
(A) R54 as aresult of the coin- lator transmits (and clears) its contents to the shift
cidence of sn O signal and accuinutator,
a signal from the Qe re- A CPP resets these accumulators in add. time /.
ceiver. (b) Sets the Dy receiver. (b and ¢) T'bus, during add. time 1, the denominator
{¢) Gated through R122 by a signal from the -2 accumulator receives the complement of —1 or +1
receiver, sets the —1 receiver or gated through in a given decade place if in the previous sgquare
R123 by a signat from the —2 receiver sets the +1 root sequence, 42 or its complement respectively
receiver. was reccived in that decade place.
At the end of add. time 1, IIIP (sce below) rescts
the D’y and 41 or —1 receivers.
(d) Gated through Rf@asa result of the coincidence
of signals from the places switch and place ring
produces an 8§ pulse,
(2) 88 e (2) Sets the pulse source flip-loP- - ooooomooiooaoooon (2) At this time, the pulse scurce flip-flop neon is
turned off,
I (1) CPP oo 1) 3
(a) Gated through RS0 by a siznal from the S« {a) Sothat NO ceases to he emitted and O Is cmitted
(A) reeciver eyeles the numerator binary ring. insteard,
(b) Gated through K119 by a signal from the Sa (b) Sothat during add. time 2, the numerator aceurmu-
receiver, sets the Sac und N’y receivers. iator receives the numecrator fromu the shift accu-
mulator which transmits and clears. At the end
of add. time 8, & CP P rescts these receivers,
(¢) Gated by R59 produces a ITII ... (¢) This pulse is produced in every subsequent
add, time of period III.
(2) IIIP o mmmaeeee o (2) 2
(a) Gated by R22 (4) produces an ROP pulse_..._.. (a) ROY is produced in every subsequent add. time
of pertod I1I if round off is specifind,
() Cyeles the program ring to stage B.
(c) Resels the 1)’y receiver and the 41 or —1 re-
celver.,
_____ (1) Cyeles program ring tostage 1.._.___._.....___..| {1}
(B) (2) Gated throngh RE7 by a al from stage B of the | (2}

1
program ring produces a P pulse.

(3) Sets No recciver and 1a or Dg recciver if the | (3) These receivers remain set during add. times 3, 4, 5,
unlike or like sign signal respectively is emitted. f, 7. ‘They are resct ot the end of add. time 7 (sve

betow).

Therefore, the mnumerator accumulator

receives cither the denominater or its complement
five times.
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TABLE 6-10.—8QUARE ROOT PERIOD III-ROUND OFF OR NO ROUND OFF PERIOD—Continued
[Requires nine add. tlmes: 1-9. Items relevant to the round off case only are eircled)

158

Effect

Comment

(1) Cycles program ring tostage 2...__..._________._..
(1) Cycles program ring tostage 3. ... . ...
(1) Cycles program ring tostage 4. ... ________._........
(1) Cyecles program ring to stage 5_.__._._.____._______

(1) QGated through R88 by a signal {rom stage 5 of this
program ring resets the Ny and D 4 or Da receivers.

(2) Cyecles the program ring to stage 6_____

(1) Gated through R89 by a signal from stage 6 of the
program_ring produces a signal which if gated
through R92 by NO, passes through R131 to set the
I+ receiver and passes through R132. The signal
from R132 passes through R43 (3) when the like
sign is emitted and sets the +2 receiver or passes
through R43 (2) when the unlike sign signal is
emitted and sets the —2 receiver.

(1) Thus, if the subtraction or addition of § times the
denominator whieh occurs during add, times 8 through
7 does not produce an overdraft, during aedd. time 9,
the guotient is inereased (when N and I have like
signs) or decreased (when N and D have unlike siens)
by 2 unlts in the last place at the right as specified
hy the setting of the places switch.
Al the end of add. time 9, III P resets the 4-1 or —1
receiver and a CPP resets the Dy receiver.,

TABLE 6-11.—PERIOD IV FOR EITHER DIVISION OR SQUARE ROOT-—INTERLOCK OR NO INTERLOCK PERIOD

[Requires 2 add. times 1, 2.

Items relevant to the interlock ease only are circled]

Effect

Comment

Add Signal
Time
______ (1) TIIP - o
[¢)]
[ S W) IIP. .
(2)
5. MO IIP.
3)
6 Q) IIP
(4)
7ewece | W ROP .
&)
) MIP. .
8 ... () ROP_____ . ...
(6)
Add. Signal
‘Time
[0 () CPP_
@
(@) P oo
B F e
1 | MCPP ..
@
(2) GP o
(3) 1P
(4) CPP
2. ... Q) CPP .
Y]
2) CL ...
@) CLe ..
(4) Signal resulting {rom
the coincidence of the
transceiver’s being  set
and the clear flip-fiop’s
being set.

This add. time coineides with add. time ¢

of period III.

(1
(a) Gated through R78 by a signal from stage 7, of
the program ring, produces an F pulse,
(b) Gated through R73 by a sirnal from stage 6 of
the program ring produces an F pulse.
(2) Sets the interlock coincidence flip-flop_____________

(3) Resets the pulse sonrce flip-flop
(1) Gated through R44 produces a GP__ oo ...

(2) Gated through R22 (2) or R22 (1) produces o DP
or through R22 (5) or R22 (6) produces a SRP,

(3) Gated through R48 produces /Py
(4) Gated through R31 in the NI ease or

( gated through R37 in the I* case )

produces a signal whieh is gated through R33 to set
the clear flip-flop and to reset the interleck coinei-
dence flip-flop.
(1) Gated through R98 by a signal from the clear
(Zgip—ﬂop, produces a CL’ pulse.

Gated through R34 by a signal from the
Interlock switch, resets the interlock
flip-flop.

(@)

(b) Clears the program ring to stage A.
(c) Alfter passing through buffer R101 beeomes 2 CL
pulse.

(a) Resets the clear flip-flop.
(b) Clears the numerator binary ring to stage P.
(e) Resets the denominator flip-flop.
(d) Clears the place ring to stage 1.
(e) Resets the program ring flip-flop.
4

(a) Altows the carry clear gate to pass to the nu-
wmerator andfor denominator accumulator clear
circuits if clearing is specifled.

(h) Gates a CPP through R127 to provide a resct
si;rlréal for the transceiver and a program output
pulse.

(c) Gates a CPP to set one of the four answer dis-
posal receivers.

63}

(2) This turns on the interlock coineidence flip-flop

neon,
3) So that the pulse source flip-flop neon is turned on
ain.

(2) These three pulses contlnue to be produced every
add, time of period IV but have no cffect on the
division or square rcoting.

(4) The clear flip-flop neon goes on at this time and the
Interlock coincidence flip-flop neon goes off.

)

(¢) Thus, during the add, time following the divider's
program cutput pulse, the answer is disposed of
in accordance with the setting of the answer (Hs-
posal switeh. At the end of add. time 3, the
answer disposal receiver is reset by a CPP,

*If the interlock input pulse is not received until k addition times aft,

time 2 occur k addition times later than that indicated in this table.

er add. time 0 of period IV, this event and 2ll events listed next to additlon
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TABLE 6-12—POSSIBLE PLACEMENT OF RADICAND
[Alse sec Table 6-13]
\ad Numerator { Radicand) Accumulator Denoninator (Two Root) Aceumulator Shift Accumulator
Add,
Period [Time
Reecives Stores after Receives Stores after Receives Stores after

reeeiving receiving receiving

Examnple A

I ... 1 0 900 000 000 T 0 900 000 000
n..___.
200 000 000
) 400 000 uo0
. I> 0 200 U0 000 P 0 900 000 (0 .
Shift.. . M 9 900 000 000 I 0 800 000 000 M 3 000 000 000 00 000
Example B
) SRR
II......
., P 0200 000 000 1 100 000 060
Shift_ .. M 9 900 000 000 P 1 000 000 000 M 9 010 000 000 9 010 000 000
TABLE 6-13.—INCORRECT PLACEMENT OF RADICAND
Numerator (Radicand) Accuinutator Denominator (Two Root) Accumulator Shift Aceumulator
Add.

Period |Time

Receives Stores after Rececives Stores after Reecives Stores after

reeciving receiving receiving
Example C
) S 1 P 2 500 000 000 D 2500 000 000  [eoococcmmmmmemmmmamefem s mmmm e mmemsso e
100 000 (40 “P 0 100 000 000
I .| 5[ M 9900 000 000 | P 2400 000 000 fooenoon e o n S s e T T
PO 200000 000 | P00 000 000 s i |enmm e iiaan
Shift__. M 9 900 000 000 P 1 200 000 000 M9 000 000 000 M 9 000 000 000
il resnit beeanse the significant tigure, & of the rematnder from the radicand (see add. time 15}
is thrown away when shifting takes place (see add. time 17).

6.3. Numerical Circuits

The numerical circuits comprise the quotient place ring
and its associated gates, the L1, —1, 4-2, and —2 re-
ceivers, the pulse gates. All of these circuits are located
on the lower right hand corner of the block diagram
FIGURE 46.

The quotient place ring causes the +1 or =2 which go
to make up the quotient or the square root to arrive in
the proper decade of the quotient or denominator accumu-
lator. Also this ring causes the division or root process
to be terminated when the proper number of places (as
determined by the divide-root-place switch, see Section
6.1.3) in the answer have been computed. The =1 and
+2 receivers open combinations of gates which pass
groups (of the 1,2,2', 4 0r 9 pulses) of pulses which rep-
resent the numbers 41, —1, +2, or —2.

The 10 stage place ring in the divider and square rooter
serves to route the numerical data for the partial quotient

GO

G5

=23

or twice the square root into particular decade lines at
particular times. The stages of this ring numbered 10,
1, 2, ...,9 on FIG. 46-F correspond respectively to
decades 10, 9, . . ., 1 of an accumulator. The place
ring neons numbered 10, 9, . . ., 1 on FIG. 44 corre-
spond respectively to stages 10, 1,2, . . . ,9 of the place
ring. It is to be noted that in period IT for division or
square rooting respectively, +1 or =2 units are put into
the 108 decade place of the answer first. A digit differ-
ent from zero (or the complement of zero if the quotient
is negative) occurs in the 10° decade place of the answer
only if the divider and square rooter puts in more than
10 pulses before the first shift sequence of period Il or,
if 10 pulses are put in before the first shift, and carry over
from the addition of one or two pulses at the end of round
off cause carry over to the 10th decade place. ‘The neon
numbered 10 in FIG. 44 never lights.

At the end of a divider and square rooter program this
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ring can be cycled only during period II and then, only at
the end of the first addition time (s+1) of each shift
sequence. The cycling of this ring is accomplished by the
1'P; pulse which is produced when the 1'P; pulse (see
Section 6.2.2) is passed through R58 by a signal from the
S2 receiver.

While the place ring has been classified as one of the
numerical circuits, one of its functions is purely a pro-
gramming function. Stages 3, 6, 7, 8, and 9 of the ring
are connected respectively to gates R72 (3, 6, 7, 8, and 9).
The second inputs to these gates are connected respec-
tively to points 4, 7, 8, 9, and 10 of the divide-square
root and places switch. Upon the coincidence of a signal
from the place ring and the divide-square root places
switch, the appropriate gate emits a signal which allows
an S pulse to pass through gate R69. The resulting
SS pulse terminates period 11 by flipping the pulse source
flip-flop into the abnormal state.

The place ring carries out its numerical functions by
its control of the 2 sets of answer output gates R131,
and R132. One gate from the group R131 and one from
the group R132 is connected to the static output of each
stage of the place ring. The second input to these gates
comes from a line carrying digit pulses gated through the
1, 2, 2’, 4, 9, and 1’ pulse gates by the setting of the
—+1, —1, 42, or —2 receiver.

The routing of digit pulses into the appropriate decades
by the place ring has been explained by means of a
numerical example in Sections 1.3.6.3, to which the reader
is referred.

It is to be noted that in the divider and square rooter
as in the high-speed multiplier, standard transmitters
have not been used in the answer output circuit. There-
fore, the numerical data for the answer must be delivered
to the quotient or denominator accumulator via either a
digit tray used for no other purpose or else by means
of a special cable made for this purpose. No load box
is used on this digit tray.

6.4. Interrelation of the Divider and Square Rooter and
Its Associated Accumiulators

6.4.1. Interconnections for Numerical Data

FIG. 47 (A and B) shows the interconnections which
must be made among the accumulators associated with
the divider and square rooter to carry out division or
square rooting programs when arguments of 10 or fewer
places are involved. Divisions involving arguments with
from 10 to 20 places may be handled by interconnecting
accumulators 3 and 4 (for 29 digit numerators) and ac-
cumulators 5 and 6 (for 20 digit denominators). In
this case another digit tray is used to connect the add
output terminal of the right hand numerator accumulator
to the « input terminal of the right hand shift accumulator
and a second additional tray to connect the add output
terminal of the right hand shift accumulator to the ~
input terminal of the right hand numerator accumulator.
If the denominator has more than 10 digits, the add and
subtract output terminals of the right hand denominator
accumulator are also connected into the latter tray.

It is to be noted that no mention has been made of
interconnecting a pair of accumulators to accumulate
quotients or two-roots having between 10 and 20 places.
The reason for this omission is that the divider and
square rooter is incapable of finding such answers in one
operation because the place ring has but 10 stages and
the answer output terminal but 11 leads (and a ground).

Quotients with between 10 and 19 places can be found
by performing 2 division programs serially. With the
divide-square root and places switch of the program
control used for the first division set at 10, 9 or 10 places
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(depending on the relative placement of the numerator
and denominator in the argument accumulators—see
Section 6.4.2) of the answer are found. The round off
switch of the first program control should be set to NRO
and the argument accumulator clear switches to O.
When the first division program is completed, the quotient
as thus far obtained is then transmitted from (and cleared
out of) the quotient accumulator to the left hand ac-
cumulator of a pair external to the divider and square
rooter system. The left hand accumulator of this pair
should be stimulated to receive this quotient through
some input channel, say «. Then the « input terminal
of the right hand accumulator should not be connected
to the same tray as the A output terminal of the quotient
accumulator. Because of the setting of the round off and
argument clear switches, the divider and square rooter
can then proceed on its second program, the division of
the remainder from the numerator by the denominator.
The quotient obtained in this way contributes 9 more
places of the answer. The number stored in the 108
decade place of the quotient accumulator after the second
division belongs in the 109 decade place of the right
hand accumulator and the number stored in the 109
decade place of the quotient accumulator belongs in the
units decade place of the left hand accumulator. If
the numerator and denominator before the first division
program have like signs, the remainder from the num-
erator after the first program and the denominator have
unlike signs so that the quotient obtained by the second
division program is necessarily negative, Therefore the
second quotient must be transmitted to the pair of inter-
connected accumulators with its sign indication. The
second quotient may be properly received in the pair of
accumulators if these accumulators receive the second
quotient from the quotient accumulator through an input
channel different from the one used for receiving the
first quotient, say the g input channel and the g input
terminals of both the left and right hand accumulators
should be connected to the tray to which the A output
terminal of the quotient accumulator is connected.
Special adaptors and shifters must then be used at the
8 input terminals of the right and left hand accumulators.
The right hand accumulator’s 8 input terminal should
have plugged into it a shifter which shifts the data one
place to the left. The left hand accumulator’s B input
terminal should have an adaptor which connects the
left hand accumulator’s PM input and 109, 108, . . .,
10" decade place input leads to the PM line of the digit
tray and which connects the 10° decade place input lead
to the 109 decade place line of the digit tray. If it is
known that the numerator and denominator for all di-
vision programs will always have like sign and if the
first division program is stopped after 9 places instead
of 10, then the denominator and the remainder from
the numerator again have like sign so that the quotient
obtained from the second division is positive, Under
such circumstances the second quotient should be so
shifted that information from the 108 and 109 decade
leads of the quotient accumulator add output is received
in the units and tens decade places of the left hand ac-
cumulator and the other digits of the second quotient
are received in the right hand accumulator shifted over
two places to the left. The connections of the PM lead
of the output of the quotient accumulator to the PM and
10%-10° decade place leads of the input to the left hand
accumulator may obviously be omitted.

If 9 or 10 decade places of twice the oot are found by
a given square rooting program, it is possible to find
about as many places again of the root (notice, not
twice the root) by dividing the remainder from the ra-
dicand by twice the root as thus far found. The pro-
cedure for obtaining the final answer in a pair of inter-
connected accumulators external to the divider and square
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rooter system of accumulators is similar to that for the
case discussed above for division. However, if it is
desired to accumulate the root in the pair of intercon-
nected accumulators, twice the root (resulting from the
first program) should be multiplied by 0.5 before its
reception in the left hand accumulator or, if it is desired
to accumulate twice the root in the final accumulator,
the quotient (resulting from the second program) should
be multiplied by two before its reception by the pair of
interconnected accumulators.

6.4.2. Relationship Between Alignment of the Arguments
and the Answer

The operator must exercise considerable care in the
placement of the arguments in the argument accumulators
for division or square rooting programs in order to make
the most efficient use of the divider and square rooter.

From the fact that the divider and square rooter place
ring allows one unit to pass to the 108 decade of the two
root accumulator at the beginning of a square rooting

program, it is obvious that the divider and square rooter -

proceeds on the assumption that the decimal point of the
radicand occurs an even number of places (either right
or left) from the PM place of the numerator accumulator.
The operator therefore, must align the radicand in the
numerator accumulator so that the decimal point of the
radicand occurs an even number of places to the right or
left of the numerator accumulator’s PM position,

A comparison between the square rooting example in
Table 6-2 and the examples in Tables 6-12 and 6-13 also
points to another consideration concerning the placement
of the radicand. Examples A and B show radicands placed
so that the correct answer will be obtained. Example C
shows a radicand placed in such a way that the divider and
square rooter cannot possibly obtain the correct answer.
The examples in Tables 6-12 and 6-13 have all been car-
ried through the first addition time of the first shift se-
quence since the reason for the impossibility of Example
C shows up at that time. Tn Examples A and B (and also
in Table 6-2) when the remainder from the radicand is
shifted the 9 at the extreme left is thrown away. This 9
(preceded by sign M) is not a significant figure since it
is merely the complement of a non-significant zero at the
left. In Example C, however, the figure 8 at the far left
of the remainder from the radicand is thrown away when
shifting takes place. This figure (preceded by sign M),
the complement of the digit 1, is a significant figure.
Therefore, when the basic square rooting sequence is re-
sumed after the completion of the shift sequence, it will
be resumed with an incorrect remainder from the radicand.
A significant figure of the remainder from the radicand
will be thrown away in the first shift sequence whenever
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Table 6-2, if the decimal point is considered to occur
between the digits 1 and 3 of the radicand, then n is 4
and the decimal point of twice the root occurs 3 places
to the left of the PM or after the digit 8. The rule given
above may be derived from considerations arising out of
the material in Table 6-1.

From the fact that the divider emits +1 or —1 unit
in the 108 decade for every repetition of the basic division
sequence until the first shift sequence of period I, it can

e seen that if the first non-zero digit at the left of the
denominator occupies the same decade place of the de-
nominator accumulator as the second (from the left) non-
zero digit of the numerator does in the numerator ac-
cumulator, then the first (from the left) mon-zero digit
of the quotient occupies either the first of second decade
place to the left of the PM in the quotient accumulator
(see Section 6.3). If the standard alignment of the de-
nominator is defined to mean the alignment in which the
first non-zero digit of the denominator occurs one decade
place further to the right than does the first non-zero
numerator digit, then shifting the denominator & ptaces
to the left or right of the standard alignment, results in
shifting the alignment of the quotient k places to the right
or left respectively of the position described above. Since
with the standard alignment of the denominator, the first
(from the left) non-zero digit of the quotient may occupy
the extreme left decade of the quotient accumulator, it
follows immediately that the first (from the left) non-
zero denominator digit must never occur in a decade
place two or more to the right of the decade place of the
first {from the left) non-zero digit of the numerator or else
the quotient may exceed the capacity of the quotient ac-
cumulator.

Another restriction on the placement of the denominator
is that the first (from the left) non-zero denominator digit
must not occupy the far left decade place of the denomi-
nator accumulator. The reason for this restriction is
similar to the reason for not placing the first non-zero
radicand digit in the extreme left hand decade place of the
numerator accumulator (see Table 6-13). 1f this rule
is violated, a significant figure of the remainder from the
numerator may be discarded when the first shift sequence
of period 1T occurs.

1f the decimal points of the numerator, denominator,
and quotient respectively occur n, d, and g places from
the PM place (where 1, d, and g are positive when counted
toward the right from the PM place), then ¢ may be
predicted by the following formula:

q=n—d42

The following tabulation based on the example in Table
6-2 illustrates this rule.

Numerator (3 Denominator d Quotient q
1 0 209. 070 000 1 10 2.30 000 000 2 P 0 09L.000 000 4
P 0.209 070 000 1 P 0 23.0 000 000 3 P.0 091 000 000 0

‘ P 0.200 070 000 1 I 0 230. 000 000 4 (1.0 091 000 000)X10-1 -1

the first two decade places at the extreme left of the
radicand accumulator are occupied by the number 25 or
any greater number. Therefore, in general, at least one
zero should precede the first non zero digit (at the extreme
left) of the radicand.

If the radicand’s decimal point occurs 7 (positive to the
right; negative to the left) decade places from the PM,
the decimal point of twice the root occurs

n
2!

places from the PM. For example, in the computation of

6.5. Examples

The following table gives the setting of the program
control switches in the different examples:

Example 1 | Example 2

Numerator reeeiver switeh. o . .ooo__-
Nurerator clear switeh_____..
Denominatoer receive switeh
Denominator clear switeh
Interlock switeh_ __.
Answer disposal swit
Round-off switeh.
Root-divide place switeh ...
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6.5.1. A Division Example

Addition and pulse time:

Discussion

Program pulse arrlves at buffers R2,
and R133. The output of buffer R2
(1) activates the Dg receiver. The
output of buffer R2 (2) activates the
N« receiver, The output of Dbufter
R133 activates the transceiver in the
divider, The output of the cathode
follower R134 opens the gates R72
(7). Buffer R28 gives a signal
through the interloeck switch to open
the gate R34, The other buffer R17
gives a signal through the root-divide
and round-off switch to open gates
R22 (2) and (3).

The numerator and denominator accu-
mulators are receiving the numerator
and denominator. (It is assumed
that the program pulse which acti-
rates the divider js used to eause the
transinission of the numerator and
denominator from whatever units
contain them.)

A general pulse (gated CPP) passcs
gate R22 (2) to provide the first di-
vision pulse (DI’), Thls DP passes
gate R76 to step the program ring to
stage B. The output of stage B opens
gate RH7. During this time the PM
static lines from the numerator and
denominator to the slgn indication
cireuits are setting up.

22 I Another DI steps the ring to stage 1
causing gates RS83, R51, and R52 to
open, A general pulse (GIP’) passes
gite R57 whleh may or may not step
the numerator ring and/or the de-
nominator flip-flop depending upon
the signs of the respective quantities.

A GP passes gate R51 clearing the pro-
gram ring back to stage A, A GI
passes gate R52 setting the flip-flop
R41 closing the gates RT6 and RT77.
A DP is passed by gate R83 producing
a first P pulse, This P’ pulse activates
the Na receiver R116 and eitler the
Ds or the Ds receiver R117 (depend-
ing upon the signs). Activating the
Na receiver canses gate R133 to open.
Say that the signs are alike then the
Ds receiver will be set and thus gate
R136 opened.

A DP passes gate R133 and activates
the receiver Qy. This causes gates
R111 and R112 to be opened. A DI?
passes gate R111 setting the 41
receiver, A GP passes the buffer
R136 and resets the Na and the Ds
receivers.

1. Gate R137 (8) passes a one pulse (1D)
which passes gate R131 (1) to go into
the ninth decade of the quotient ae-
cumulator.

A DI passes the huffer R63 to reset the
-+1 receiver. The Qy receiver is reset
by 2 CPP. Assuming there has heen
no overdraft gate R53 passes a GP to
produce the next P pulse, This P
pulse sets the N» and the Ds re-
celvers.

. Same as 4.17.

17—~ Assuming there has been an overdraft

the gate RH4 passes a GDP which sets
the Ni and the S« receiver R138.
This eauses gates R58, R119, and RS0
to be opened.

81t0o89______ The numerator is being transmitted to

the shlft accumnlator.

810 . A 1’7 passes gates R46, R58 and steps
the quotient place ring to stage 2.
The numerator accnmulator clears.

A CPP passes gate R119 activating the
Sa and Na recelvers, The actlvating
of recelver N« opens the gate R56.

A GP passes gate R56 to produce a P
pulse. This starts an add cycle (since
the numerator ring has heen stepped).
That i8, thls P pulse activates the N,
and the Dy recelver, Activating the
Da receiver causes gate R137 to be
opened.

As in 4.17 the Qa receiver ls activated
and a DP passes gate R137 to set the
—1 receiver.

1.1to 1.10

010_______.___. A 1’'D pasges gates R46 and R58 to step
the qunotient ring to stage 7. The Na
and Sa recelvers are set. Gate R72
f?g beging to conduct opening gate
R69.

Gate RH6 passes a GP to provide a P
pulse which activates the N. and the
Ds recelvers.

10
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A DP passes gate R133 setting the Q-
receiver, A DP passes gate R136 set-
ting the 4-1 receiver. Assuming there
has been an overdraft gate R112 be-
%ins to conduct opening gate R34.

A DP resets the +1 receivers. A GP
passes gate R54 activating the S. and
the Na recelvers, This pulse from
R34 passes R69 to set the pulse source
flip-flop R39. Thus, this is the last
addition time in which general pnlses
{GP) and therefore division pulses
(DP) are produced. As before the
output of the S« receiver opens gates
R119, R58, and R80.

Gate R46 is now closed so no 1'P is
passed.

CPP’s pass gates R119 and R8O to set
the Sa and the N receivers and to
step the numerator ring, respectively.
A CPP passes gate RS9 to produce the
first IIIP pulse, This ITIP pulse goes
through the buffer R66 to step the
program ring to stage B. It also
passes gate R22 (3) to produce a
round-oft pulse (ROI’).

01T _________. An ROP pulse (a ITIP gated by R22

(3)) passes gate R8T to produce a P

D or the D receiver R117 (depend-

pulse which activates the Na and Da

recelvers. A IIIP pulse passes the
buffer R66 to step the program ring

to stage 1

6l1toG9______ The denominator is added to the nu-
merator,

617 _________. A ITTP pulse steps the program ring to
stage 2, The N« and Da receivers are

not reset since there are no GP’s to
A pass the buffer R136.

T __. I steps the program ring to
stage 3.

817 _ _ o ____ A IIIP steps the program rting to
stage 4.

917 . ___. A IITP steps the program ring to stage
5.  This opens the gate RSR

10.1 to 10.10___ "T'Te denominator is added to the numer-
ator for the fifth time. Suppose that
this does not produce an overdraft in
whichh case gute R92 remains open.

An ROP pulse passes gate R8S to reset
the N« and the Da receivers, A IIIP
steps the program ring to stage 6,
opening gates R73 and RS&9.

1117 . An ROP pulse passes gates R{9, RO2
(assuming there was no overdraft),
and gates R128 and R129. The out-
put of R129 sets the Q. receiver.
The output of R128 is passed hy gate
R43 (2) or R43 (4) depending upon
the signs and sets the -1 or the —1
receiver, A IIP steps the program
ring to stage 7. A CPP passes R73 to
reset the pulse source flip-flop.

12.1t012.10___ 41 or —1 is added into one decade of
the quotient accumulator.

1217 . A PP passes R44 and R29 (2) to pro-
dince a DP which resets the ~+1 or
ihe —1 receiver,
ﬁggPP passes RTS8 to set the flip-flop

(Wait for interlock pulse)
Interlock pulse (program outpnt pulse

of some other unit) turns on oue of
ﬂ}}c_ buffers R38 setting the flip-flop

R35.
A7 (13.17)7.__ A CPP passes R37 and R33 to set the
flip-Nop R96 and reset RO4, Flip-fiop
RO6 causes gate RO7 in the transceiver
to open.
2,10 (14.10)___. The carry-clear gate passes gates R13
(1) and R13 (2) and appears at ter-
minals on the front panel.
CP'T passes RO8 to produce the (%
and CI pulses. The CI’ pulse does
the following:
(1) passes gate R34 to reset R25.
(2) passes buffer R102 to clear
the program ring.
(3) passes buffer RT74 to reset
the pulse source flip-flop R39.
(4) passes buffer R103 to rexet
the D« receiver R104 and the
+1 receivers,
The €7 pulse does the following :
(1) the flip-flop R41 to reset,
(2) resets the demominator fllp-
tlop R106,
(3) turns off the inverter R107
clearing the numerator binary

1

2,17 (1417) . A

ring.
A<C}’P passes gate R127 In the trans-
ceiver resetting it and belng trans-
mitted,
A CPP passes R26 (1) to activate one
of the answer dlsposal transeeivers.

Read this time if interlock signal arrives before comple-
1 0f division process.
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6.5.2. A Square Root Example

Addition and pulse time: Discussion

Program pulse arrives at buffers R2,
and R133. 'The output of buffer R2
(1) activated the Na receiver, and
the output of RI33 activates the
transceiver in the divider. The out-
put of the cathode follower R134

opens the gate R72 (9). Buffer R28

gives a signal through the interlock
switch to open the gate R31. The
other buffer R17 gives a signal
through the root dlvide and round-off
switell to open gates R22 (3) and

R22 (4).

The radicand accumulator (same as nu-
merator) is receiving the number to
be square rooted.

A GP (a CPP passes by gate Rdd)
passes gate R22 (3) to produce ihe
first square root pulze {SRP), Ihis
SRI® passes gate RTT to step the pro-
,‘.:ll'lllll ring to stage B, opening gute
R5

57.

Another SRP steps the program ring to
stage 1 eausing gates RH1, 52, RH4,
and R8G to open. A GP passes R5H7
but has no effect on the denominator
Hlip-tlop since the denominator con-
taing the number —-00000 00000 at
this time. If the radicand were nega-
tive the binary ring would be stepped,

3T . An SRP pulse passes gates R84 and
RS6 setting the I and the +1 re-
ceivers, respectively,

A GP 'passes gate R51 clearing the
program ring back to stage A.

A GP passes gate RB2 sctting the
flip-flop R41 causing the gates R76
and R77 to close,

The output of the Dy recciver passes
gate R111, opens gate R53 which al-
Tows a GI? to be passed producing the
{irst P pulse, This I’ pulse activates
the N and the Ds receivers (since the
denominator consists of --1 in a cer-
tain decade).

The +1 in the denominator is subtract-
ed from the radicand,

A GP resets the Na and the Ds re-
ceivers (from buffer R1AG).  An SRI
passes gate R184 to set the Dy re-
ceiver and gate R139 to activate the
—+2 receiver.

+32 is added into the denominator giv-

ing 3.

A CDP resets the Dy and the -+2 re-
ceivers, Assuming there is no over-
draft gate R111 is conducting and
thus, 543 passes a GP to produce the
next P pulse.

An SRP activates the D and the +2 re-
ceivers, Assuming there is an over-
draft this time gate R112 conducts
opening gate Ri4d.

A GP passes gate R34 and sets the Sa
and Na and D+ receivers, and it passes
gate R122 to set the —1 reeelver.

—17 is added to the 45 that was in the
denominator accumulator. The radi-
eand is transmltted to the shift ae-
cumulator, A 1°P: steps the quotient

ring.
017 . A CPI* passes R119 to activate the Sa
and the N« receivers and passes gate
RS0 to step the numerator ring.
10.1t010.10-__. —1 is again added to the 440 in the
denominator accumnlator giving +39.
The radicand is transmitted back
(tbrough a shifter) to the numerator
accumulator.
A GP passes gate RH5 to reset the D 4
and the —1 receivers. A GIP passes
gate R56 to produce another P pulse.

0.10___—_——___.. A 1'P passes gates R46 and RH8 to step
the quotient ring to stage 9, causing
gate R72 (0) to eanduct and, thus,
opening gate RGO,

The Ss and Na recelvers are set by a
Cr'P through gate R119. The nu-
merator hinary is stepped to miuus (a
ninus radicand).

A GP passes gate RGG to produee a T
pulse, This pulse activates the N«
and the Ds receivers.

An SRP passex gates R134 and R139 to
set the Dy and the +2 receivers, re-
spectively, Assuming there has been
an overdraft gate R54 opens,

A 'GP passes gate R34 activating the S «
and the N4 receivers, and passes gate
R6Y to set the pnlse source flip-fiop
R39. Thus, this is the last addition
time in which GP pulse, and there-
fore, SRI® pulse will he prodnced.

What happens during these addition
times is exaetly a repetition of what
happens in the case of division (ex-
plalned in Example 1).
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A CDPDP passes gates R31 and R33
{opened by the program ring being at
stage 7) and sets the flip-fiop RIG.

1317 A CPP’ passes gate R98 producing Cl

and I pulses. ‘The CI pulse resets

the elear flip-flop RU6, and clears the
quotient ring and the numerator ring.

The C1’ pulse clears the program ring,

resets the pulse source flip-flop R39,

and resets the Dy and the 41 and

—1 recelvers,

The Ci pulse resets the flip-flops 41,

and R106, The outpnt of the clear

flip-flop causes the gate ROT in_ the
activated transeciver to conduct,

which in tarn opens the gate R13 (4),

one of the gates R26 (for answer dis-

polsn]), and gate R127 in the trans-
ceiver.

14,10 . The carry-elear gate passes gate RI13
l(4t) and clears the numerator accuinu-
ator.

1417 . A CPP passes gate R127 and Is trans-

mitted as an output prograin pulse.
A CPP passes gate R24 (1) and actl-
vates the first answer disposal re-
celver.

VII. FUNCTION TABLE

The ENIAC contains three function table units each
of which can be used to store values of one or more
functions tabulated against an independent variable and
can be programmed to look up and transmit the values
so stored. The function table is useful not only for stor-
ing and selecting values of a function (as the term is
ordinarily defined) but also makes it possible to store
and have readily available any numerical data which can
be tagged with two digit numbers increasing monotonically
between 0 and 99. Thus, a function table could be used
to store the coefficients and constant terms of a system
of simullaneous equations or programmatic information.
The function table requires r-+-4 addition times to look
up the value of a function and transmit it repetitively
times.

The following pages will be concerned with: program
controls (7.1); common programming circuits (7.2); nu-
merical circuits (7.3); and storage of programming infor-
mation in the function table (7.4). Reference will be
made to the following diagrams:

Function Table Block Diagram
Function Table Front View____.___
Function Table Front Panels___.___
Portable Function Table—Switch Ar-
rangement
Use of Unmodified Function Table to
Store Programming Information___ FIG. 53.

FIG. 49.

7.0. General Summary of the Function Table

It is assumed that the reader has familiarized himself
with the arrangement and operation of the elementary
function table, Chapter 1.3.7.

The function table can store 104 entries of one or more
functions with each entry associated with an argument
between —2 and 101. By an entry is meant 12 digits any
one or all of which may vary from entry to entry and two
signs, either variable or constant. In addition, 8 digits,
constant throughout the range of the table, may be set up
manually on switches.

If @ is the argument (where 0<<a<99) and f(a) is the
information stored in the function table line correspond-
ing to value a of the argument, the function table can be
programmed to look up f(a—), fla—1), f(a), fla+1),
f(a-+2), or the complement of any of the preceding and,
furthermore, can be programmed to transmit the num-
ber looked up repetitively from one to nine times. Four
addition times are required for looking up the value of a
function and one more addition time is needed for each
transmission of the functional value.

The function table can also exert some program con-
trol on the accumulator used to store the argument since
it is capable of transmitting a program pulse to stimulate
the argument accumulator to transmit the argument to the
function table and then either to clear or not clear. In
addition, the function table is capable of receiving a pulse



3,120,608

169
which will stimulate it to carry out the operations noted
above and then, of transmitting a program output pulse.

The physical appearance of the function table can be
seen in FIG. 49. The function table has the two panels
shown here and in addition, a portable function table (see
ENIAC Floor Layout, FIG. 1) which extends into the
center of the floor. As its name implies, the portable
function table can be moved around and any of the tables
(A, B, Cin FIG. 1) can be used with any one of the
function tables. The portable function table will be dis-
cussed in greater detail in Sec. 7.3.

In its components and method of operation the func-
tion table is very much like the high-speed multiplier.
The numerical circuits consist of a portable function table
(analogous to the multiplication tables), argument count-
ers (tens and units argument rings, FIG. 48-A), argument
input gates (analogous to the ier selector gates and
labelled “Table Input Gates” in FIG. 48-A) table output
gates FIG. 48-A (analogous to the coding gates in the
high-speed muitiplier), and the 1, 2, 2’, 4, and 9P gates
(labelted “Pulse Gates” in FIG. 48-B), all similar in
function to those shown in FIG. 21 in connection with
the elementary function table.

There is a difference, however, between the high-speed
multiplier and the function table in the way in which the
argument is fed to the function table. Here, the argument
is delivered in pulse form (rather than in the form of static
outputs) to the function table where it is set up in the
argument counters (a decade ring counter for units place
with carry-over to the 11 stage counter used for tens place
of the argument). The argument input gates are then set
up by the static outputs of the argument counters in the
function tabie.

The function table’s numerical circuits also include §
constant digit switches (FiG. 48-D) which have a pur-
pose similar to that of the table output gates except that
the former are used only for digits which remain the same
throughout the table. A sign which remains constant
over the whole table can be set up on one of the two
master PM switches (FIG. 48-D). The subtract pulse
switches make it possible to transmit the 1’P over the
leads for certain places when the function table transmits
substractively so that complements with respect to 10
can be emitted.

The common programming circuits of the funection table
consist of a 13 stage program ring analogous to the pro-
gram ring in the high-speed multiplier, the argument cor-
rect pates F1 which make it possible to look up f(a—2),
fla—1), f(a), fla-+1), f(a+1), f(a--2), the add and
subtract gates and the add and subtract flip-flops they
control which make it possible for either the function or
its complement to be looked up, and the argument flip-
flop which controls the setting up of tens place of the
argument in the argument selectors. There are also cir-
cuits for clearing the program ring and the argument
counters, and for resetting flip-flops. The C and NC
transmitters and their output terminals on front panel 1
(FIG. 50) which can deliver a pulse to the argument ac-
cumulators to stimulate transmission of the argument may
also be counted among the common programming cir-
cuits.

The programming circuits mentioned above can be
operated by any one of the function table’s eleven pro-
gram controls (FIG. 48-B). Each program control in-
cludes a transceiver with program pulse input and ouiput
terminals on front panel 1 correlated with an operation
switch, an argument clear switch, and a repeat switch.

The r+4 addition times requircd for the looking up of
a function and its repetitive transmission r times are spent
in the following way:

0 Program input pulse is received.

I Function table emits C or NC program output pulse to
stimulate transmission of argument.

2 Function table receives digit pulses for the argument,
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3 Argument stored in the argument counters of the func-
tion table is corrected to the value specified on the oper-
ation switch,

4 Appropriate line of the portable function table is acti-
vated.

5 Functional value is transmitted for the first time.

4+4r Functional value is transmitted for the rib time and
a program output pulse is emitted after the st trans-
mission,

7.1. Program Controls

The eleven transceivers F2 are located in the No. 1
panel of the function table, and are of standard design.

A pulsc received at one of the 11 program input ter-
minals of the function table transceivers stimulates the
function table to carry out the program set up on the
program switches of the control of which that input ter-
minal is a part. Each program control offers the opera-
tor options as to:

(1) Which of five “lines” of the table is to be entered for
a given value of the argument,

(2) Whether the entry tabulated on the specified line or
its complement is to be looked up and transmitted,
(3) Whether or not transmission of the argument to the

function table is to be stimulated by the function table,
(4) The number of times (from 1 to 9) in succession
the function table is to transmit the value looked up.

The function table follows the program instructions
set-up on the control in a fashion similar to that discussed
previously (see accumulator and high-speed multiplier,
for example). A pulse received at an input terminal flips
the flip-flop F3 of the transceiver into the abnormal state.
As a result, signals from the transceiver (indirectly
through inverters and/or buffers) pass through the pro-
gram switches shown in FIG. 48-B directly above the
transceivers and then proceed to cause the common pro-
gramming circuits (see Sec. 7.2) to operate appropriately,
As in units previously discussed, also, the reset signal for
the transceiver’s flip-flop comes from the unit's program
ring on line F4 and passes through the repeat switch of
the control. After the function has been transmitted the
number of times indicated by the setting of the repeat
switch, the flip-flop is reset and a program output pulse
is transmitted.

It is to be noted that the program output pulse is emitted
after the function is transmitted. Therefore, the output
pulse cannot be used to stimulate an accumulator to re-
ceive the function, but a pulse from some other source
must be provided for this purpose four addition times
after a function table transceiver is stimulated.

Program neons on front panel 1 (see FIG. 49) each
correlated with a program control enable the observer
to see which precgram control has been stimulated at a
given time and, hence, which pregram should be in op-
eration.

7.1.1. The Argument Switch (F6)

The argument switch has ten possible positions. The
five left hand (add) positions are used when it is desired
to transmit the value tabulated on a certain line; the five
right hand (subtract) positions specify transmission of
the complement. If « is the argument received in the
function table (where 0<<a<<99), the setting —2, —1,

. » or 2 respectively specifies that line a—2, a—1,
-, or a-2 of the portable function table is to be
entered.

The function table is especially well adapted to inter-
polation by means of algebraic interpolation polynomials
of degree 1, 2, 3, or 4 since, by setting up several program
controls, the operator can readily produce functional
values for values of the argument surrounding the one
for which the interpolation is being carried out. Inter-
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polation of degree higher than the fourth can also be
done. However, in order to obtain several of the entries
required for such higher degree interpoiation, the argu-
ment must be changed before its transmission to the func-
tion table. For example, to interpolate by means of the
Newton Gregory forward interpolation formula out to
sixth differences requires f(a), f(a4-1), . . ., flat6).
The entries f(a), f(a--1), fla+2) can be obtained in
succession by using three program controls with opera-
tion switches sct at 0, 1, 2, and by feeding «a to the fune-
tion table. The remaining entrics may be produced by
forming a’=a-5 in the accumulator in which the argu-
ment is stored and then using program controls set-up to
produce f(a’'—2), f(a’'—1), . . . , f(a’-+1).

Deck 1 of the argument switch determines whether plus
or minus the functional value is to be transmitied. When
set on A (addj, and a program control is activated, the
output of tube F7” in the transceiver causes the inverter
F8 to stop conducting, opening the gate F9. When the
ring is in stage zero this gate passes a pulse which sets the
add flip-flop Fil. If the program switch is on S, then
inverter F12 (the other tricde) stops conducting, opening
gate F13. Then, when the ring is on stage zero the sub-
tract flip-flop F14 is set. The timing of thesc operations
is illustrated in Section 7.2.1.

Deck 2 of the argument switch F6 determines whether
the functional value itself or one of the fonr neighbor-
ing values is to be transmitted. If the reader will check
the connections from the argument rings to the switches
of the table he will note that the table number is cxactly
{wo less than the number registered in the argument rings.
Thus, if x denotes the argument then normally the func-
tion table would transmit f(x—2). The number trans-
mitted and the corresponding setting of the program switch
is as follows:

Numbher in
argumer Tivgs

Nuoher
transmitled

Program switclh seiting

If the program switch is set at -1, for example, gates
F1 (1P and 2'P) will be opened by the output of the
buffer F7 of the transceiver. When the program ring is
at stage —1 gate F16 will be opened and three pulses will
pass F1 (1P and 2'P) through the inverter F17 and gate
F16 and into the units argument ring. This changes the
argument from x to x-4-3 and the function table will now
transmit f(x-+1). Note that stage —1 of the program
ring must open gate F16 in time to pass a 1P. Singce the
gate is physically close to the ring there is no difficuity in
doing this with the usual two to one safety factor.

7.1.2. Argument Clear Switch

The argument clear switch can be set at C, NC, or O.
If, on a given program control, the switch is set at C or
NC, at the end of the first addition time, a program out-
put pulse is transmitted from the correspondingly labelled
terminal on front panel 1 (see FIG. 50). If the argu-
ment clear switch is set at ©Q, no pulse is transmitied from
either the C or NC program pilse output terminals.

The operator can utilize the C or NC pulsc to stimuiate
transmission of the argument to the function table by
connecting the C and NC terminzals to suitably sct up
program controls on the argument accumulator or accu-
mulators. If the argument for a given functicn table is
always stored in one accumulaior, the C terminal can be
connected to a program conirol on the argument accumu-
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terminal, to a program control set-up for transmission
without clearing. If, on the other hand, the argument
for a given function table is stored sometimes in one accu-
muiator and sometimes in another, the operator may find
it convenient to use the C pulse to stimulate transmission
of the argument from one accumulator and the NC pulse
to stimulate transmission from the other argument ac-
cumulator.

When the argument clear switch is set at O, the opera-
ter must provide, independently, for a program pulse
to stimulate the transmission of the argument to the func-
tion table (unless the argument is to be zero). Such a
pulse must be delivered to the argument accumulator one
addition time after the program pulse which siimulates
the function table program control since the argument
must be received in the function table during the second
addition time of a program.

The buffer which feeds switch F18 (that is, the cathode
follower in the transceiver) serves two functions, namely,
to control the transmission of the argument and the
stepping of the program ring. The argument ctear switch
has three possible settings controlling the reception of the
argument from some other unit of the ENIAC. On all
three settings the fast buffer output F18 of a iransceiver
goes to gates F21, F22, or F23, one of which passes cen-
tral program pulses which step the program ring. 1f the
swilch of the activated program control circuit is set on
NC, a central program pulse passed by gate F24 (opzned
by stage —3 of the program ring so that F24 is open at
the beginning of the program) will turn its inverter off,
and pass gate ¥26. The pulse will then go through the
transmitter F27, and appear on the front panel (terminal
labeled NC, see FIG. 50). From there it can be taken
(via jumpers and program trays) to some other unit of
the ENIAC to program the argument transmission. If
the switch were set at C the action would be similar ex-
cept the output pulse would pass gate F28 and be trans-
mitted from the transmitter F29. Supposedly, the NC
circuit would be used when the argument is not to be
cleared in the transmitting accumulator, and C is to be
used when it is to be cleared.

These circuits are controlled by the fast buffer outputs
F18 of the transceivers. Since these outputs have a small
time constant the input circuits to the gate tubes have ex-
tra capacity purposely added. This delays the opening
of these gates; keeping them from opening in time to pass
part of the same CPP which activated the transceiver.

7.1.3. The Repeat Switch (F31)

This switch determines how many times the functional
value is transmitted. If it is set at 3 (as illustrated) the
functional value will be transmitted once when the ring
F32 is set at stage one, again at stage two, and the third
time at stage three. The output of stage three (which is
now positive) will go through terminal three on the re-
peat switch and open gate F33 in the transceiver. This
causes the inverter F34 to go off and opens gate F36 giv-
ing an output program pulse at the end of this addition
time. The output of the buffer F37 turns ofl the inverter
F38 opening gates F39, F41, and F42. These pass central
program pulses (CPP) which clear all three rings and
reset all three flip-flops.

Thus, the functional table will transmit a functional
value 5 times in n--4 addition times where » is any num-
ber between one and nine. Note that the accumulator
which is to receive the function must be programmed to
receive during either the whole n-+4 addition times, or
during the last n of the n+4. Consequently, if it is pro-
grammed simultaneously with the function table, it can
receive the function only 5 times using a single transceiver.
If, however, it can be programmed 4 addition times later
than the function table, the setting of its repeat switch
can be the same as that of the function table, and the
function table can transmit to it the full 9 times.
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7.2. Common Programming Circuits
7.2.1, The Program Ring

The device used to clock the advance of the function
table through the sequence of suboperations involved in
looking up and transmitting a functional value is the pro-
gram ring counter F32 (usually abbreviated as the pro-
gram ring). This is a thirteen stage counter with the first
stage labelled —3 (see FIG. 48) and the last 9. The
program ring neons (shown in FIG. 49) are correlated
with the 13 stages of the program ring.

The program ring clears to stage —3 when initial clear-
ing takes place and whencver a function table program
is completed. The reception of a program pulse by any
transceiver results in opening a gate (F21, 22, or 23)
which allows the ring to receive a CPP each addition time
as long as the transceiver’s flip-flop remains in the ab-
normal state. Each CPP then cycles the ring 1 stage. In
this section, the program ring and its effect on associated
gates and flip-flops are discussed (see Table 7-1 for a
summary).

Addition Effeet

Time

Ring
Stage

-3
-3

Program pulse Is received at a transcciver.

At pulse 1ime seventeen of this addition time the
ring steps to stage —2, and (depending upon
the setting of the argument reception), a pulse
may be transmitted by F27 or F20. Usually the
pulse fransmitted here will be used to program
the argument transmission from somic other unit
of the ENIAC,

The buffer F43 will go on turning the Inverter Fa4
off, opening the gates F46 end F47; allowing (he
argument to be reeeived.

Depending upon the setting of the arguinent switch
certain of the gates F1 may have been opened.
Thus, from zero to four pulses arc passing the
inverter I'17 and at this addition time thcse pass
the gate F16 and enter the units argument ring,
Gate F48 is also opened, allowing a 1 pulse 1o sct
flip-flop F49; this flip-flop, through buffer F51,
turps off inverters F52; this in turn permits one of
the table input gates to conduct and energize one
entry of table.

The output of the zero stage opens the gate F53.
At pulse time seventeen of this addition time a
central program pulse (CPP) passes this gate,
turning off the inverter ¥54. Depending upon
the setting of the program switeh, cither gate F13, or
Foisopen, Thus, the output of the inverter 54
sets cither the add or the subtract flip-flop eausing
either the function value or minus the (unctional
value to be transmitted during addition-time 6§
(and subsequent addition times for repeat switeh
settings above 1).

Certain of the pulse gates F56 are opencd during
this addition time to pass 1, 2, 2/, 4 and/or 91, and
the functional value is transmitted over the digit
output (SX and SY in Fig. 48-D). The output
ol stage 1 of the program ring conneets to terininal
1 on all the repeat switches.

‘The [unetional value is transmwitted a sceend tine,

The funetional value is transmitted for the third
time, and (if the repeat switeh is set on three as
illustrated) gate F33 is opened in the transceiver,
Then buffer ¥37 turns off inverter ¥38 opening
gates F39, F41, and F42, causing the rings to
elear and the flip-flops to be reset.

> S 1

WS

7.2.2, The Argument Flip-Flop

The argument flip-flop F49 is set by a 1’ pulse pass-
ing gate F48. This gate is opened when the program ring
is at stage —1. When the flip-flop is set it turns on buffer
F51 which turns off the inverters F52. This determines
the time at which one of the table input gates conducts.

7.2.3. The Add and Subtract Flip-Flops and the Pulse
Gates

Inspection of the pulse gates F56 will show that the
connections are such that when “Add” line F57 is ener-
gized, the respective digit channels F59 will, during the
next addition time, each pass a number of pulses corre-
sponding to its digit number; and when the “subtract”
line F58 is energized, each digit channel will pass the
nines complement of its digit number.

The outputs of the pulse gates go to transmitting cir-
cuits F61. The outputs of these transmitting circuits go
on line F60 to the various table output gates, the zero—
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nine channels go on lines F65 to the P and M terminals
on the PM master switches; and through buffers F62 they
also all go to various terminals on the constant switches.

7.2.4. Use of the Function Table for Programming

The function table can be used to obtain program pulses
on any of as many as 14 channels when a particular pro-
gram control circuit is excited. The choice of output chan-
nel is controlled by any two digits of the number used
as an argument, and registered in the argument accumu-
lator.

To accomplish this, an adapter may be used in back of
the function table on the cycling unit trunk. This adapter,
whose construction will be obvious, will be connected so
as to add a central program pulse to the 9P lines of the
function table panel #2.

Now, suppose that all the switches, on the portable
function table, for a particular argument are set to one;
with the exception of one switch, which is set to “nine.”
Whenever the function table is programmed and the ap-
propriate argument is stored in the argument accumulator
a CPP will be transmitted over the channel correspond-
ing to the switch which was set to “nine.”

The nine puise lines are used for this purpose since they
also feed the PM switches. Consequently, the portable
table can be used to give output pulses on any of four-
teen channels (that is, twelve digit channels and two PM
channels).

7.2.5. Initial Clear

The initial clear gate opens gates F39, 41 and 42. The
output of F42 resets the argument flip-flop (F49) and th
add and subtract flip-flops (Fil and F14). Gates F3%9 and
F41 operate in parallel to turn off inverters F63 and
F64. Inverters F63 cause the argumient rings to clear.
F64 causes the program ring to clear.

If the buffer F37 in any transcciver conducts (as it will
at the end of an operation for which its program control
was activated), the inverter F38 stops conducting, open-
ing the gates F39, 40 and 41, giving the same effect as the
initial clear gate.

7.3. The Numerical Circuits
7.3.1. The Argunient Rings

When the gates F46 and F47 are opened (at stage —2
of the program ring) the two digits of the argument ar-
rive over the connected two channels of the input termi-
nal and going through the pulse standardizers (F$7 and
F68) step the units and tens rings to the proper position.
When the program ring reaches stage —1, zero to four
pulses may be passed by one of the gates F1 to step the
units ring the corresponding number of positions. If this
causes the units ring to step through step nine gate F9
will be opened to pass the carry over pulse. This pulse
goes through an inverter and buffer and steps the tens ring
one place. Note that the tens ring has eleven stages; also
there is never any delayed carry-over problem. The argu-
ment will never excced nine in the tens place but the carry
over may give ten, thus, the extra stage.

Consider the control of the table selectors by the rings.
After clearing (as illustrated) the rings each set at stage
zero. This causes the inverters F71 (0) and F72 (0) to
be non-conducting and they are so shown in FIG. 48-A.
Suppose that a program control is activated, and the argu-
ment is zero. Then when the argument flip-flop is set the
inverter F52 (0) is turned off, raising the potential of
both grids of the table input gate (or table selector) F73.
Incidentally, one control grid of several other table input
gates will swing positively at this time (for example, gates
F74, F76, etc.), but since the other grid remains below
cut-off (because other inverters associated with the tens
ring remain on), the tubes do not conduct. A similar
statement is true for all nine gates F77, other than gate
F73.

Thus, when the program ring is at stage —1, one of the
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table input gates begins to conduct and one of the hori-
zontal buses of the portable table has a negative swing
of potential.

The action of these inverters and gates is explained in
some detail in Sections 1.2.7 and 1.3.10.

During the second addition time, as explained above,
the argument is received in the function table’s argument
counters through the argument input terminal on front
panel 1. This terminal is so wired that units and tens
place of the argument must be received in the function
table on the leads for the decade places 1 and 2 respec-
tively. This may be provided for by placing a shifter at
the argument input terminal if arguments delivered to
the function table will always require shifting the same
number of places or, if at various times there will be dif-
ferent shifting requirements, by placing shifters at the
argument accumulator’s digit input terminals, The units
and tens argument neons on front panel 1 are correlated
with the stages of the argument counters as indicated in
FIG. 49.

In the third addition time, the argument stored in the
argument counfers is corrected by from 0 to 4 pulses
chosen from the 1, 2, and 2’ pulses in accordance with the
operation switch setiing. The argument counters arc so
connected to the argument or table input gates that if x
is the number registered in the argument counters, the
table input gate for argument x—2 sets up (during the
set up period from the middie of the third addition time
through the fourth). Therefore, if the operation switch
is set at —2 no correction pulses are added to the argu-
ment counters; if the operation switch is set at —1, one
pulse is added to the number set up in the argument
counters, etc.

7.3.2. The Toeble Input Gates

There are 104 table input gates corresponding to the
argument values of —2, —1, 0, 1,2, . . ., 100, and 101.
This gives a range of argument values of 0, 1, . . ., 99
with the extra values on cach end for purposes of inter-
polation. Of the two control grids of each table input
gate tube, one connects to the output of an inverter F72
controlled by the proper stage of the units ring, and the
other control grid connecis to the outputs of two inverters;
one (F71) controlled by the tens ring, and the other (F52)
by the argument flip-flop. In order for any particular
gate tube to conduct all three inverters must be non-con-
ducting. Thus, even though the argument arrives in the
rings earlier, none of the table input gates conduct until
the argument flip-flop F49 is set at stage —1 of the pro-
gram ring. Note that this flip-flop is set by a one primed
pulse (1'P).  The timing here is illustrated by Table
7-2.

TABLE 7-2

T'ulse
Time

Addition

Activity
Time

Progranining pulse arrives at the function table,

Argument transnission is progravined and re-
ceiving gates (46, 47) are opeoed.

Prograin ring steps to stage —1 opening gates I'1l6
and F48.

Argument adjustment 1akes plaee by 0, 1, 2, 3, or
4 pulses passing gate 116,

Arguient flip-flop is set by 1D,

Program ring steps to stage 0 opening gate T63

Program ring steps 10 stage 1 opening gate F33
in ihe transeciver (provided the reprat switeh
is af one) and a ceutral program pulse passes
gate F53 to set the add or the subtract flip-flop.

Tunctional value is transmitted.

Central program pulse passes gate F36 in the
(ranseciver to be trapsmit{ed and to reset
{lip-flop.  CL'P also passes gates 139, 1'41 and
F42 to clear rings and reset flip-flops.

17
17

17
1tod

1lo10
17

7.3.3. The Portable Table

The portable tabic is a switching nctwork built as a
separate unit, and connects to the function table unit
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through two large multi-conncctor type plugs. Since the
portable table is on wheels, the operator may quickly in-
terchange it with one connected to any other function
table.

Each portable table mounts 208 PM (sign) indication
switches (two for each argument value) and 1248 digit
switches (12 for each argument value). There are 104
PM switches and 624 digit switches on each side of the
portable table.

7.3.4. Table Output Gates

The nine terminal on each of the 104 switches in the
sixth column of the portable table connects to the in-
verter F77 (9). The output of this inverter goes to the
gate F78 (9), which when opened will pass either nine
or zere (no) pulses depending on whether the associated
program control is on add, or subtract program respec-
tively,

The ten positions of the switches in each column go to
ten such inverters. Each output from the ten inverters
goes to one grid of ten gates, the other grids being fed
by the pulse gates.

Thus, if horizontal bus 11 (FIGS. 48-A and C) is ener-
gized and the sixth column digit switch is at 7 (as illus-
trated) the inverter F77 (7) will cease conducting and the
gate F78 (7) will open. This gate will then pass 7 or 2
pulses depending upon the setting of the argument switch
of the associated program control circuit.

There are 120 inverters and 120 output gates on the digit
channels. The two PM channels feed four more inverters
and gates F79.

The outputs of the digit gates go through respective digit
lines A5 to A10 and BS to B10 to inverters, buffers and
transmitters (F81), F82 and F83 respectively), and then
to terminals SX and SY. The outputs of the PM gates go
to the PM master switches (PM; and PM; associated with
the A and the B outputs respectively).

7.3.5. The PM Master Switches

The PM master switches make it possible to determine
the sign for all the table entries at once instead of setting
the individuval PM switches on the portable function
tzllbles. This is useful only if all entries are of the same
sign.

There is 2 PM master switch associated with each out-
put (SX and SY). These switches determine the sign
indication transmitted on the channe! of the respective
outputs, Each switch has three settings, Table, P and
M. The following table gives results of various settings
of these switches.

Pulses transmitted over the M channcl

Master swileh setting

Add flip-flop set Subtract flip-ftop
set

0 9

- 9 0

_| 0 or 9 depending upon the setiing of (he

corresponding 'M s]\\iitch on the portable
table.

With a master PM switch set at P or M (instead of
table) the sign pulses emitted by one of the table output
gates for sign cannot reach the output circuit. The
transmission of a constant sign set up on one of the
master PM switches takes place in the following man-
ner: The same number of pulses are delivered to the
points P and M respectively on the master PM switches
as are delivered to the table output gates associated with
digits 0 and 9. Thus, if a master PM switch is set at P,
zero or nine pulses are passed through this switch to the
associated function output terminal’s PM lead according
as additive or subtractive transmission takes place. The
case where a master PM switch is set at M is taken carc of
similarly.
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7.3.6. The Constant Switches and the Delete Switches

There are eight constant digit switches, four associated
with each of the outputs SX and SY (see FIG. 48-D).
If the first few digits of a function are the same for all
arguments used, these switches simplify the procedure
for setting up the values of the function. Therefore,
when some program control is activated the numbers set
on these constant switches (or complements) will be
transmitted over the corresponding channels regardless
of the value of the argument.

The outputs of the transmitters associated with the
pulse gates comes through buffers F62 to ten of the posi-
tions on each of these switches. Two other terminals on
each of these switches make available the outputs of the
two PM master switches here. This is to help provide
the proper complements.

The delete switches are provided on each of these chan-
nels in case the operator desires to transmit nothing on
one or more channels,

7.3.7. The Subtract Pulse Switches

Since the complementation provided by the add or sub-
tract flip-flops and pulse gates gives complements with
respect to 10°—1, it is necessary to provide a correction
plise to get complements with respect to 102, The cor-
rect pulse switches enable the operator to provide this
correction pulse in any of six channels on each output,
namely, digit output lines AS to A1¢ and B5 to B10.

The output of the subtract flip-flop F14 goes through
the S inverter to the gates F84. The 1I'P is passed by
these gates through the inverter F86 to the buffers F87.

These subtract pulse switches enable the operator to
divide the 12 variable digits set up on the portable table
into arbitrary groups and cause each group to give comple-
ments with respect to 10n,

7.3.8. The Output Transmitters

The outputs of the constant switches go through the
delete switches directly to transmitters F83. The outputs
of the table output gates go throngh an inverter and a
buffer to transmitters F83. Special adapters can be easily
built to rearrange the outputs and allow transmission on-
to a single digit trunk.

If the operator desires, for example, to set up a ten
digit function on the table and his function is such that
the constant switches cannot be used then six of the digits
can be obtained from channels AS to A10. The other
four must come from four of the channels BS to B10 and
a special adapter must be used to get these ten digits onto
one digit trunk.

7.3.9. Adapters

In designing an adapter for use on the function table
outputs there are two points to watch. First, the func-
tion table outputs (which are to be used) are connected
in a one-to-one manner to terminals corresponding to the
trunk lines to be used. Secondly, if negative numbers
are to be transmitted, then any unused lines, correspond-
ing to accumulator decades between the PM unit and the
first decade used, must carry 9 pulses in order to give the
proper complements. This second objective can be ac-
complished by connecting the outputs of some of the
master digit switches (A, to A4 or B, to B4) to the cor-
responding lines. The PM; and PM, positions of the
master switches provides 9 pulses at the proper times,

If for any reason the master digit switches cannot be
used for this purpose the adapter can be made to transmit
the number onto the trunk using only channels adjacent
to the PM line (line 11). In this case a shifter can be
used on the input to the accumulator. The shifter pro-
vides for the extra “nines” needed for complementing
purposes.
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7.3.10. Flexibility

The function table permits great flexibility in the way
in which it is set up and used. One sign and as many as
20 digits may sometimes be used for a single function.
The 2 PM's, one with & and the other with 20—k
(where 0=£k<20) digits, can be used for 2 functions.
as a matter of fact, more than 2 signed functions can be
stored by setting up numbers zero and nine for sign indi-
cation P and M respectively on switches ordinarily used
for digits provided that these switches are not required
for digits. Of course, in cases where the digits for a
single function are transmitted through both function
output terminals, it may be necessary to use adaptors,
shifters and/or deleters in order to receive the functional
value properly lined up in another unit.

The portable function table is arranged with 26 rows
and 28 columns of switches on each of its 2 faces. Each
face, thus, has the switches for 52 entries with the 14
columns of switches for 26 entries appearing on the left
half of the face and those for the succeeding 26 entries
on the right half. The sign and 6 digits set up on the
first 7 switches (at the left) are emitted over terminal A;
the next 6 digits and sign, over terminal B (see Table
7-3). Positive functional values are set up with sign P
and the digits for the absolute value of the function.
Negative values are set up as complements, ie., with sign
M and the digits for the absolute value subtracted from
some power of 10.

The adjective “variable” is used to describe the type of
function table discussed above in which the values of the
function are set up manually on switches and which, with
changed switch settings, can be used for storing different
functions on different occasions. At present, one variable
type is used with each function table unit. As the need
arises, portable function tables of the fixed type in which
the pattern of connections is permaneatly wired can be
constructed and used in place of the fixed type. Such a
permanent table would have the advantages of always
being available for use without the necessity for tearing
down a function already set up on switches, of being less
expensive to build, and of being considerably smaller in
size than the variable type.

Master PM switches 1 and 2 on panel 2 (see FIG. 51)
of the function table are associated with the PM leads of
terminals A and B respectively. These switches have
the positions P, M, and Table. If the sign to be emitted
over one of the terminals is constant throughout the range
of the table, this constant sign may be set up on the asso-
ciated master PM switch instead of on the 104 PM switches
of the portable function table. For a sign varying from
entry to entry however, the appropriate sign is tabulated in
the PM column of the portable function table with each
entry and the corresponding master PM switch is set at
Table.

For cach of the 8 decade places which can be filled with
a constant digit, there is a digit delete switch with the
positions “delete” and “on” and an associated constant
digit switch with the positions 0, 1, ..., 9, PM;, and
PM;. (See Table 7-3 for the decade place leads associ-
ated with these switches.)

With a digit delete switch set at delete, no pulses are
transmitted over the decade place lead associated with the
delete switch. With a delete switch set at on and the asso-
ciated digit switch at d (where 0<d<9), d or 9—d pulses
are transmitted over the correlated decade place lead ac-
cording as additive or subtractive transmission respectively
takes place. With a digit delete switch set at “on” and
the associated constant digit switch set at PM; or PM,
the sign pulses emitted respectively over the sign lead of
the A or B function output terminals are duplicated on the
correlated decade place lead. This is true whether the
pulses emitted over the sign lead are those specified on a
portable function table PM switch or on the master PM
switch.
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TABLE 7-3—FUNCTION OUTPUT TERMINAL LEADS AND ASSOCIATED SWITCIIES
Lead...__ Associated Switehes for Terminal A Associated Switches for Terminal B
PM_.___. Master PM Switch 1 and Portable Function Table Switch in Master PM Switch 2 and Portable Function Table Switch in
Column 1 Columm 14
Constant Digit and Digit Delete Switches. ... Constant Digit and Digit Delete Switches. B4
Constant Digit and Digit Delete Switches Constant Bigit and Digit Delete Switehes._ . B3
Constant Digit and Digit Delete Switches Constant Digit and 1igit Delete Switches.. B2
Constant Digit and Digit Delete Switches.. Constant Digit and Digit Delete Switches Bl
[ S Portable Function Table | Subtract Pulse Switch_ ... Al0 Portable Funetion Table | Subtract Pulse Switch_ ... B10
Switch in Column 2. Switch in Colummn 8.
| - Portable Function Table | Subtract Pulse Switeh_ ... A8 Portable Function Table | Subtract Pulse Switch. ... B9
Switch in Column 3. Switch in Column 9.
4 - Porfable Funetion Table | Subtract Pulse Switch. ... A8 Portable Function Table | Subtract Pulse Switch. ... B8
Switch in Column 4. Switch in Column 10.
kSO, Portable Function Table | Subtract Pulse Switeh_.....| A7 Portable Funetion Lable | Subtract Pulse Switcho .. BT
Swilch in Column &, Switch in Column 11,
b S— Portable Function Table | Subtract Pulse Switch_..___} A6 Portable Function Table | Subtract Pulse Switeh. ... B6
Switch in Column 6. Switch in Column 12, X
Portable Function Table | Subtract Pulse Switch...._. A5 Tortable Function Table | Subtract Pulse Switch-.....| B
Switeh in Column 7. Switch in Column 13.

‘When the function output of a terminal is to be received
in an accumulator with the variable digits in decade places
at the right and with no other information provided for b
(where 1<<b<{4) decade places at the left (such as constant
digits or digits from another function output terminals),
and when some or all function values emitted may be
negative, the PM; or PMj setting of b of the constant digit
switch provides a means of filling these decade places at
the left with the nines needed to represent a negative
number. If all entries associated with a function output
terminal are tabulated as either positive or negative num-
bers (i.c., with the master PM switch set at P or M), the
same end may be achieved by setting b constant digit
switches at 0 or at 9 respectively. (See Table 7-4 which
follows the discussion of the subtract pulse switches.)

The digit delete switch correlated with a decade place
lead is set at delete when it is desired to leave a decade
place completely blarnk as is required, for example, if a
variable digit from another function output terminal is to
be inserted in that place.

The subtract pulse switches A and B5-10 have the
positions 0 and S. If a subtract pulse switch is set at 8
when subiractive transmission takes place (see Sec. 7.3.7),
the 1'P is emitted over the decade place lead associated
with the switch (see Table 7-3) to make a 10’s instead of
a 9's complement. Complements with respect to 9 are
emitted in the decade place leads associated with subtract
pulse switches which are set at 0. In the usual applica-
tions of the function table, at most one of the A and/or
one of the B subtract pulse switches would be set at S.
There is, howsver, nothing in the design of this unit to
preclude setting a greater number of these switches at S if
the operator so desires.

TPABLE -4 —ILLUSTRATIONS OF THE USE OF SWITCHES ON
PANEL 2 OF THE FUNCTION TABLE

30

[
[

Setting of Portable Func-
tion Table Switches

Lino

P123 000 795 642 M
M 764 000 421 508 M

60

EXAMTLE 1
S'(gtin% of Constant Digit Switches (All Diglt Delete Switches set at
n.'):
A4at PM1? B4 at PM?
A3at PM!I  B3at PM32

A2at PM!  B2at PM?
Alsat3 Blat PM?

Subtract Pulse Switches: ABat 8 B5at S (all others at 0).

Nuamber Emitted
For
Argument

Troansmit

Over Terminal A | Over Terminal B 70

M 9 999 795 642
M 9 959 421 508
P (0000 204 358
P 0000 578 492

P 0003 123 000
M 9 993 764 060
M 9 996 877 999
P 0 006 236 989

EXAMPLE 2
Setting of Constant Digit Switches:

Adat 0 B4ath
A2a10 B3at @
Alat0 B2aty

Blat9

Digit Delete Switch A4 sot at “Delete” (all others set at *On™). All

Subtract Pulse Switches sct at 0.

Number Emitted
For
Argument

Transinit

Over Terminal A ! Over Terminal B

M 9 999 705 42
M 9 999 421 §08
1 0 000 204 357
1’ 0 000 578 491

P 0000 123 000 ‘
M 0 000 764 000
1 0 999 876 999
T 0 899 235 999

P

7.4, Storage of Programming Data by Means of the
Function Table

‘When only a part of a total function table storage ca-
pacity (3744 variable digits and 624 variable signs for the
3 function tables) is required for the tabulation of nu-
merical data, the remaining storage capacity can be used
as memory for programming instructions. This can be
done either with a function table operating in the same
way as described in Sec. 7.3 when numerical functions are
stored and transmitted or, more conveniently, with a small
change in the circuits containing the 1, 2, 2°, 4, and 9P
gates.

First, let us consider the use of the unmodified func-
tion table for programming memory. Suppose there are,
say, 14 different programs (P;-P;4) one or more of which
are to be stimulated at various times in a computation.
We could then assign one column on a portable function
table to each of the 14 programs and assign one line of
the portable function table to each occasion on which it
is necessary to make a choice as to which of the 14 pro-
grams is or are to be stimulated. Then the switches on
a given line of the portable function table are set at P
or 0 in the columns corresponding to programs which are
not to be stimulated and at M or a number different from
zero in the columns corresponding to programs which are
to be stimulated. An accumulator is set aside to store the
argument for the function table.

Now, when choice of program is required, a program
pulse is sent to a function table program control set up for
additive transmission. In the fifth addition time following
the program input pulse, digit pulses are emitted over
function output terminals in the decade place leads corre-
sponding to switch settings different from P or zero. At
the end of the fifth addition time a program output pulse
is emitted. The digit pulses are taken through adapters
at the function output terminals to lines in program trays
and then to dummy programs for conversion to program
pulses. The program ouiput pulses of the dummy pro-
grams are taken to the program controls on which are set
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up those of the 14 programs which are to be stimulated
(see FIG. 53). The function table’s program output pulse
can be taken to a progran: control of the accumulator
containing the argument which is set-up for a “receive-C”
program in order to increase the value of the argument
by one.

In the example shown oa FIG. 53, all 14 columns of
switches on a program table are devoted to the storage
of programming information. With the function table in
its unmodified form, however, there is no reason why
some of the columns cannot be used for numerical data
and others for programming data.

The disadvantage inherent in using the function table
in its unmodified form to siore programming information
is the necessity for expending dummy programs to con-
vert the digit pulses emitted from the function ouiput
terminals into program pulses (see Sec. 4.5.1). With only
a small amount of labor the function table can be adapted
so that program pulses are transmitted from the function
output terminals instead of digit pulses. The simplest way
to make this change is to disconnect the 9P gates (I°88
and F89) from the line in the synchronizing trunk which
carries the 9P and to connect these gates, instead, to the
line which carries the CPP. This may be done by means
of an adaptor at the point where the synchronizing cable
plugs into the back of panel 2. No wiring changes are
necessary. If this change is made, when the function
table transmits additively, a CPP is emitted over the
decade place leads corresponding to portable function
table (or even constant digit switches) set at either M or 9.
Notice, these CPP are emitted from the function table
at the end of the fifth addition time. As always, no pulse
of any kind is emitted over a decade place lead whose
corresponding switch is set at P or 0. In this way, the
necessity for converting digit pulses into program pulses
is obviated. The pulses emitted from the function output
terminals can be taken directly to the program controls
on which are set up the various programs among which a
choice is made.

It should be noted that a numerical function cannot
be set-up alongside of programming data on a given por-
table function table when this modification is made unless
the function is pathologic to the extent that its tabulated
values never have the digit 9 or sign M.

In connection with this discussion of the role of the
function table as programming memory, mention might
also be made of the fact that the function table’s program
controls provide a convenient way of delaying a program
pulse from 5 to 13 addition times.

VIII. THE CONSTANT TRANSMITTER AND CARD
READER

The constant transmitter stores eighty digits on relays
(AL to Hg in FIGS. 55-A and C) and twenty digits on
constant set switches (Jp, Jg, K, and Ky in FIG. 55-C).
Provision is made for twenty PM signs, sixteen associated
with the numbers stored on relays and four associated
with the numbers set on the switches. One of these PM
signs is associated with the five digits of each relay group.
Thus, the constant transmitter can store twenty five-digit
numbers and their proper signs. Provision is made to
associate certain groups in pairs to form ten digit numbers
by means of “constant selector” switches, which are man-
ually set. In one addition time the constant transmitter
can transmit to some other unit of the ENIAC any group
of five or certain groups of ten digits and the associated
sign, depending on the seiting of these switches.

Whenever it is desired to set up new constants on the
relays in the constant transmitter, the card reader muat
be programmed to read a new card. This does not change
the digits set on the constant set switches; these have to
be changed manually, The numerical information is de-
rived by electrically sensing the presence or absence of
perforations in predetermined rcgions of the card using
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conventional sensing arrangements and the information
so derived is stored in the relay bank.

The reader completely reads a card and stores the
information on relays in the constant transmitter in 0.48
second. After about 0.3 second the starting circuits of
the card reader are reset and will be able to remember
a second signal to read (generally this fact is insignificant
since computations cannot be started until the initial data
is read into the constant transmitter and, also, there is no
program output from the reader to start any computation
until the end of the reading cycle). If in some manner
it is arranged to program the next reading of a card before
the first cycle is completed (this must not occur before
say 0.4 second after the initial read program and this only
allows a 33% safely factor) then, due to the clutch not
dropping out, the reader will read a card in 0.36 second.

Thus, the reader can read normally as many as 125
cards per minute not allowing for any computations in
between. On the other hand, since each card reader time
unit corresponds to about 170 addition times, and there
is an interval of about 1.2 units between the finish pulse
and the dropping of the holding cam contact, it seems
that even though the ouiput of the reader is used to
reprogram the reader that this same pulse can be used
to cause transmissions from the constant transmitter safely
(safety factor=2:1). During the period of 100 addition
times after this pulse, numbers could be transmitted from
the constant transmitter. By the device mentioned above
the speed of reading can be increased to as much as 160
cards per minnte.

The description given here will be in terms of the fol-
lowing diagrams: (1) Constant Transmitter Cross Sec-
tion, FIGURE 54; (2) Constant Transmitter Block Dia-
gram, FIGURE 55; (3) Constant Transmitter and Reader
Block Diagram, FIGURE 56; (4) Card Reader Diagram,
FIGURE 57; (5)Constant Transmitter Front Panels,
FIGURES 58, 59, 60; (6) Constant Transmitter Front
View, FIGURE 64; (7) Cam Time Table, FIGURE 65.
The discussion will be divided up into the following sec-
tions: (1) Constant Transmitter program controls; (2)
card reader program controls; (3) numerical circuits of
the constant transmitter; and (4) card reader.

8.1, Constant Transmitter Program Controls

8.1.1. The Groups of Numbers

As indicated above the constant transmiiter stores
twenty five-digit numbers and as many as twenty PM
signs. These are divided into five-digit groups called
Ar, Ag, By, By, . .., Hy, Hg, J1, Jg, Ky, and Ky
(FIGURES 55-A and C). The first sixteen groups Ay,
to Hg are read from punched cards while the last four
groups J;, to Ky are set on the constant set switches.

8.1.2, Transceivers

There are thirty transceivers in the constant transmitter.
These are associated in groups of six. The first six trans-
ceivers (U1, U2 in FIGURE 55-B) control the first four
five-digit groups of numbers Ay, to Bg. The next six con-
trol the groups Cp, to Dg, et cetera. Finally, the last six
transceivers control the groups Jy, to Kg which can be set
on the constant set switches (see panel two of constant
transmitter, FIGURE 59).

Two transceivers of a group of six are illustrated at
Ul and U2 in FIGURE 55. These are for programs
numbered one to six and control the first four five-digit
groups of numbers. The output from the cathode fol-
lower of each transceiver connects to two decks of the
associated constant selector switch U3. The cathode fol-
lower is used to drive the switch because fast operation of
the circuit is required to make possible transmission of a
constant during the addition time following the addition
time in which the program pulse is received. The other
outputs of the transceiver are unused.

8.1.3. The Program Control Circuits
Associated with the relays of digit groups one to four
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(likewise for five to eight, nine to twelve, and thirteen to
sixteen) there are eighty-eight tubes U4 (FIGURE 55-A).
In each group there are four gate tubes for each of the
five digits (as the 1, 2, 2, and 4 coded system is used to
form the digits) and two gates associated with the PM
indication. There are six constant selector switches U3
associated with each such set of 88 gate tubes (switches
one to six with groups one to four, for example). The
output terminals of these switches go directly to the grids
of the gate tubes.

Switches 25 to 30 are associated with the gates con-
trolled by the constant set switches on panel two of the
constant transmitter. There are only 84 gates U4 asso-
ciated with these switches since the gates associated with
the correction pulse are omitted. (This means that the
operator sets up complements here as complements with
respect to 10® and not 10n-1).

Whenever a program pulse is received on the input
terminal of a program control, at 1/ say, the output of the
cathode follower goes to the two decks of the constant
selector switch. The results of the various settings on this
switch are given in the following table, wherein all gatc
designations refer to gates U4,

TABLE 8-1
Result
Constant
Selector
Switch Deck 1 Deck 2
S P The cathode foHower poten- | The cathode follower poten-
tinl opens the PM gates tial opens the digit gates
A’tand A'21 (of gates U4). for group 1, that is gutes B3
to 17,1 and 21, of gales U4.
P : S Gate A’41 (PM) is opened, | The I'M gate A62 and digil
gates 137 to 1., 41 and bl
are opened. (A6l coutrols
the correction pulse).
ALRe-cuenn The PM gate A'l is opencd. | The PM pate A'62 and the
digit gates B’ to L'1, 21, 4%,
and 61 are opened.
D5 R The PM gates A’2and A22 | The digit gates B’ to L2 and
are opened. 22 arc opened.
L3 SR The PM gate A’42 is opencd .| The M gate A’63 and the
digit gales B’ to L'42 and
62 :1r% afl T)cr{(}d ‘s wnd L1
Brro------ The PM gate A’2isopened..| The I’ 1 gate A’ ¢3 and the
LR & digit gates BB/ to L'2, 22, 42,

and 62 are alt opened.

Since the constant selector switches are connected in
parallel, within any group of the same alphabetical letter
“back circuits” would be created should one switch be
turned to L or R when another is turned to LR. For
example, in the first group of six constant selector switch-
es, if one is set at Apg, NO other can be set at Ar, or Ag
without transmitting superfluous digits (in the case of a
positive number), or the extraneous transmission of 9P
and 1’P over certain channels (negative number). This
means that if the number stored on groups one and two
relays is transmitted as a ten digit number, then at no
other place in the computation can it be considered two
five-digit numbers, or vice versa.

If an activated program control has its switch set to
Ay, the five digits of group one will be transmitted on
channels 6 to 10. If the number is negative nine pulses
will be transmitted over the PM channel (A'1 of U4
turns off the inverter U7 opening the gate 143 of gates
U6) and the correction pulse will be transmitted over the
PM channel (A’21 of U4 turns off the inverter U8 open-
ing the gate A45 of U9). In this case nothing is trans-
mitted over channels one to five.

If an activated program control has its switch set at Ag
the five digits of group 2 will be transmitted over chan-
nels one to five. If this number is negative nine pulses
will be transmitted over channels six to ten and over the
PM channel (A’41 of U4 (group 2) turns off the inverter
U11 opening the gates F to K45 and L44 of U12) and
the correction pulse will be transmitted over channel one
(A’62 of U4 (group 2) turns off the inverter U12" open-
ing the gate U13). The nine pulses transmitted over
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channels six to ten give the complement with respect to
1010 and make it unnecessary to use a shifter in the digit
transmission line.

If an activated program control has its constant selec-
tor switch set at Arp the ten digits of groups one and two
will be transmitted over channels one to ten. If the num-
ber is negative nine pulses will be transmitted over the PM
channel (A’l of U4 turns off the inverter U7 opening the
gate L43) and the correction pulse will be transmitted
over channel one (A’62 of U4 (group 2) turns off the
inverter U12’ opening the gate U13).

The groups one to sixteen (or Ay, to Hg) behave in a
manner similar to above. The gates associated with the
constant set switches (J;, to Kg) behave similarly except
for the correction pulse (as explained above, or see Sec-
tion 8.3.2).

8.2. Reader Program Controls

The reader program controls are located in the initi-
ating unit (see FIG. 25). The card reader can be caused
to read a card, (provided certain conditions are fulfilled
in the reader), either by a program signal arriving at
terminal R/ on the front panel (F1G. 24) or by pushing
the reader start button on that panel.

8.2.1. Srarting

If the rcader start button is pushed the resulting pulse
goes through the special pulse standardizer (K109, reader
start unit, see FIGURES 25-A and 55). The ouput of
the special pulse standardizer turns off the inverters K101
causing the buffers K102 and K183 to go on. This sets
the flip-flops K37 and I{43. The driving tube K164 goes
on closing the starting relay U23 located in the constant
transmitter (panel #3). If a program pulse is used to
start the reader it comes in over Ri turning on the buffer
K105 and setting the flip-flop K37, but not the flip-flop
K43.

8.2.2. Resetting

After the reader starts to read the card a signal (a gate
voltage) comes back over lead No. 129 (see FIG. 55-B)
from the reader causing the flip-flop K37 to reset. This
signal occurs early in the card reading cycle (when the
minus indication is being read—before the digits are read
(see cam time-table, FI1G. 65)). After this reset signal
has arrived any subsequent program pulse arriving over R,
sets the flip-flop and closes the starting relay. This causes
the reader to continue and read the second card before
stopping. The reset signal arrives from 800 to 1200 addi-
tion times after the read program signal.

8.2.3. The Finish Signal

Just as the card reader finishes reading the card a signal
is sent over lead No. 127 to the special pulse standardizer
(K106) causing the flip-flop K42 to be set. This opens
the gate K44 and if the flip-flop K43 is then set the in-
verter K107 will go off opening the gate K46, The
CPP passed here sets the flip-flop K47 opening gate K48,
This passes a CPP which goes through the transmitter
K108 to the reader program output K39 (Ro). This same
pulse goes through an inverter and buffer K109 and re-
sets all three flip-flops.

The flip-flop K47 is a synchronized flip-flop, that s, it
is set by a CPP gated by K46. The flip-flop K42 is not
synchronized since it is set by a signal from the card
reader. Thus, the gate K46 may be opened in such a way
that it will pass only part of a CPP. If it fails to set the
flip-flop K47 no harm is done since the next CPP will
also be passed by K46 and will set the flip-flop K47. This
fiip-flop being set by a CPP will open the gate K48 in
ample time for the next CPP. This arrangement insures
that a standard synchronized program pulse is transmitted
out on R,.

8.2.4, Interlock

Since the process of reading a card takes a very large
number of addition times it is desirable ta be carrying on
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part of the computation while this is being done. There
will be a place in the sequence of computations where
the numbers in the constant transmitter are used for the
last time. At this addition time the reader may be pro-
grammed to read the next card. Since, generally, it will
not be known which process, that of reading the next
card or that of completing the rest of the sequence of com-
putation, will be finished first, an interlock feature is pro-
vided. The final output program pulse of the sequence
of computation is plugged to R,. Thus, flip-flop K43 is
set at the end of the sequence of computations while flip-
flop K42 is set when the reader is finished. Only when
both of these things have happened will the gate K44 con-
duct and open the gate K46. finally giving a program
pulse out of R,

The reader start button through buffer K103 also sets
the interlock flip-flop K43. Therefore, when the reader
start button is pushed the reader reads a card and a reader
program output pulse is obtained at R, at the proper
time.

The initial clear gate causes all of these fip-flops to
be reset. Note that when the ENIAC is turned on the
starting flip-flop K37 may come on in the set position
and before a CPP arrives to reset it the reader may read
one card.

8.3. Numerical Circuits of the Constant Transmitier

The numerical circuits of the constant transmitter com-
prise the sixteen groups of storage relays Ay, to Hgy and
their associated gates U4 et cetera, the constant and PM
set switches (on panel 2) and their associated pates, the
inverters U106 and the pulse gates Ul2 and the inverters,
buffers and transmitters U1S5.

8.3.1. The Storage Relays and Their Gates

This description of the storage relays will be given in
terms of the constant transmitter cross section drawings
(FIGS. 54-A and 54-C). On those drawings there ap-
pear a wiring diagram of group one relays (FIG. 54-A),
a schematic diagram of group one relays (FIG. 54-C), a
coding cam time table (FIG. 65), and a cross section
of the electronic circuits (FIG. 54-B).

As the card goes through the reader the positions on
the card pass under the reading brushes in the following
order (see the cam time table, FIG. 65 or FIG. 54-A).

12,11,0,1,2,3,4,5,6,7,8,9

There are eighty columns on the card and all of these pass
under the reading brushes at once. Punches in the 11
position will be used to indicate minus signs, while punches
in, say, position four represent the digit four in that
column.

To simplify the following discussion it will be assumed
that leads numbered one to eighty of the Reader con-
nections go directly to the corresponding reading brush.
Actually, these eighty connections may be made in any
desired manner simply by rewiring the standard IBM plug-
board on the Reader.

The relay labeled R zp (see FIGURES 54-C and 56-B)
is a PM isolating relay which handles the first three groups
Ap, Ag, and B;. Referring to FIGURE 65 it is seen
that cam CB% makes contact during the reading of the
eleven position on the card. If there happens to be an 11
or 12 punch in whatever column the minus indication for
group one is placed, say column one, a circuit will be
made through connection 97, contact R,p, and the pick-
up coils of relays PM; and PM,. When these relays are
picked up they are held by a contact on PM,. This bold-
ing is controlled by connection 81 (for group one) and
lasts at least (it may last longer, see Section 8.4.5) until
the next card has begun to be read.

The following table gives the various combinations of
coding relays that are closed during the various positions
of the card reading (see FIGURES 54-C and 56-B.
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TABLE 8-2

Card position |12 |11} 0] 1| 2| 3| 4| 5| 6} 7| 8} 0

With no minus
indication. . ._

With minus
indieation.___j- Cy
Cs

C;

i 63. -

Cr

Cr il

Cy

The reader can check this table in the following
manner. If the number is positive the coding relays
C, to Cg are connected in pairs to the coding cams CB2,
CB4, CB6, and CB8. The coding cam time table shows
that as position seven of the card, for example, is under
the reading brushes coding cams CB2, CB4, and CBS8
are making contact. If seven was punched in the first
column storage relay 1A, 1B, and 1D will be activated
through the contacts on coding relays C,;, Cy, and C.
Contacts on the storage relays will cause gate tubes L’1,
K’1, and K'21 of gates U4 to be opened, ultimately caus-
ing the 1, 2, and 4 pulses (altogether seven pulses) to be
transmitted over channel ten. If there had been a minus
indication punch the PM relays (PM; and PM,) would
be closed (and held by the circuit through connection
81) and the coding relays would be connected to coding
cams CB1, CB3, CBS5, and CB7. If again, seven were
punched in the first column, only cam CB3 is making
contact when the seven passes under the reading brushes
and the contact on Cj causes storage relay 1B to be
picked up. Ultimately, this causes the two pulses (com-
plement of seven) to be transmitted over the tenth chan-
nel. Since the PM relays are closed, a contact on PM;
causes gates A’l and A’21 to be opened,. These gates
provide (for a five digit number) for the minus indica-
tion (nine pulses on the PM channel) and for the cor-
rection pulse (to give complements with respect to 107),

8.3.2. The Constant and PM Set Switches (Jy, to Kg)

FIGURE 55 shows that these switches connect directly
to the gates for the numbers Jy, to K. Only the switches
for the first and tenth digits are drawn out in detail for
the groups J and K. There are four PM switches, so
these twenty digits can be used in groups of five and the
signs of any one group set independent of the others.
If they are to be used for ten digit numbers then both
PM switches (Jy, and Jg, for example) must be set to
P or to M depending upon the number.

The constant set switches consist of four parts mounted
on two decks. The moving portion makes contact in
such a manner as to open the 1, 2, 2, and 4 gates in
various combinations corresponding to the digit to which
the switch is set. The gates opened by various switch
settings are indicated by the crosses in the following
table.

TABLE §-2a

Switch Setting

Gates

HINNN I ©

In the case of negative numbers read from cards the
coding relays automatically take the complements with
respect to 10°—1, This is not true of the constant set
switches for groups Jy, to Ky, that is, in setting up a nega-
tive number on these switches the operator must take
the complement himself. No correction pulse is pro-
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vided by these PM switches so negative numbers are set
up as complements with respect to 108, The following
table illustrates various switch settings.

TABLE 8-3

188
relay can cause a card to be read. The initial start switch,
since relays R1 and R2 arc each activated, cannot cause
a card to be read at this point. Thus, npon closing either

PM Settings Switch Settings
Number to he
set up
Tu Jr 1 2 3 4 5 6 7
23456 on J
+ and ¢ P r 2 3 4 b 6 7 8
478901 on Jn
—12345 on J,
and M P 8 7 6 5 5 7 8
478901 on Jr
12345 on Ju
an P M 1 2 3 4 5 2 1
—78901 on Jn
12345 67890
on Jur P r 1 2 3 4 5 6 7
—12345 67890
on JLr M r 8 7 6 5 4 3 2

9 10
9 0 1
o]
BEE
el
1 0

8.4. The Card Reader

The Card Reader, FIGURES 56-A and 56-B, will be
described in terms of the wiring diagram FIGURE 57.
Surrounding this drawing are zones of latitude (A-D)
and longitude (1-7) which give the Jocations of the relays
and cams. Note that the various parts of one relay (for
example, the hold coil, pick-up coil, and various con-
tacts) may be located in widely different places on this
drawing. The zones locate all of these parts. The
terminal posts are located in the panel behind the motor
generator. The connections to the Card Reader plug
(which plugs into a socket on the constant transmitter
panel number three) are pictured in the upper right
corner of the drawing. Since the Card Reader circuit
is well known, and the drawing is self-explanatory, it will
not be described in greater detail than is necessary to
show its relation to the relays and gates of the Constant
Transmitter.

8.4.1. The A.-C. Circuits

The Reader receives its A.-C. power by a standard 110
volt plug which plugs into a socket on the bottom of
panel three of the constant transmitter. Power is fur-
nished to this plug only when the ENIAC is turned on,
plugs at the bottom of other panels, except printer panel
#2, have power on them all the time. The A.-C. power
goes through a switch located on the Reader to the
motor-generator and through contacts (on H.D. relay at
1A) on a relay (pick-up coil at 2B) to the drive motor.
Thus, when the power comes on the motor generator
starts up. When it reaches speed the 40 volts D.-C.
cause a green light (on the front of the Reader) to come
on and the H.D. relay to close starting the drive motor.
The H.D. relay prevents the drive motor from operating
in case of failure of the motor generator.

8.4.2. Starting Circuits

When cards are initially placed in the magazine, the
magazine card lever contact (Mag. at CLC at 2B) is
closed. This causes relay R1 to pick-up. At this time
neither the auxiliary read switch nor the ENIAC start-
ing relay (in the constant transmitter, see FIGURE 55)
can cause the reader to operate since relay R2 is not
activated.

If in this case, the initial start key is pushed, the reader
will operate (assuming card magazine switch closed, that
is, there are not too many cards in the card magazine)
and feed a card into position before continuous roll #1
(that is, in position ready to be read by the control #1
reading brushes). When the card is in position here,
relay R2 is activated by card lever contact #1. Now
either the auxiliary read switch or the ENIAC starting
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the auxiliary read switch, or the ENIAC starting relay
the card passes under the #1 (control) reading brushes
and stops in position before the #2 read brushes.

If any of the control arrangements (like plugging to
control hubs on the plug-board) are being used the “con-
trol” instructions are now remembered by certain relays
in the Reader. Note, that this memory depends upon
the 40 volt output of the motor-generator on the reader.

With the first card in position before the #2 read
brushes, a card lever contact (CLC #1) causes R60 to
be activated. If the auxiliary read switch is again op-
erated this card will be read by the #2 brushes and the
(signed) numbers stored in the constant transmitter
relays.

In practice the relay timing is such that in initially
placing cards in the reader (by placing cards in the
magazine and depressing the initial start key) the reader
may feed cards up to position before the #2 read brushes
by running through two cycles. In this case it is ready
to immediately read the first card. If the first card was
fed only into position before the #1 or control brushes
(one cycle) no harm is done. If the reader is now pro-
grammed to read, relay R60 being open, it will read the
Ist card by the control brushes and no resct or finish
signal will be given out. Then, the starting relay still be-
ing closed, the reader will immediately start another cycle
in which the first card passes under the #2 brushes.
When the cards are in position, relays #1 and #2 are
activated by the card contact levers (Magazine CLC., CR.
#1, CR. #2) and the start key becomes ineffective.
After relays #1 and #2 are activated, contacts on them
(at 3B) enable the auxiliary start key to cause a card to
be read. A starting relay located in the constant trans-
mitter (see FIG. 55) has a contact connected in parallel
with this auxiliary start key. A unit located in the
initiating device (described in 8.2) causes this starting
relay to close and thus causes the reader to read a card.
8.4.3. Numerical Circuits

There are two sets of 80 reading brushes, the first (#1)
are the control brushes and the second (#2) are the ones
which read the numbers and their signs. The number
two reading brushes (at 6B) read the numbers and PM
signs on the cards and via connections on the plug board
carry the corresponding signals to the storage relays in
the following ways:

(1) Directly to the storage relays (hubs located at 6D).

(2) For a column in which the PM punch occurs the con-
nection is from the reading brush hub to one of the PM
hubs (labeled “minus control” on the plug-board) (at
6D in FIG. 57) and from the other PM hub to the
corresponding storage relay hub.
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(3) Or, if desired, the connections from the reading
brushes to the storage relays may be by way of the
group selector relay contacts (at 6B and 6C). In this
manner certain contro! punches may cause information
from one set of reading brushes to go to either one of
two sets of storage relays, or such control punches may
cauce one set of storage relays to receive information
from one of two sets of rcading brushes (see Sections
8.4.4 and 8.4.5).

8.4.4. Group Sclection

There are sixteen five-pole, double-throw relay switches
(relays R24 to R53, two relays to each swiich, hold coils
at 4C and 5C, contacts at 68 and 6C). The coils at 4C
and 5C serve for picking up and for holding. These
five-pole, double-throw switches may be used to rearrange
the information coming into the storage relays. These
relays are picked up by contacts on relays 7 to 22 (at
4C and 5C) in series with the cam P6. Once they are
picked up they are held by cam P7.

Referring to the cam time table (FIG. 65) we see that
relays 7 to 22 may be picked up any place in the card
cycle, that is, from any puanch (since cam P5 makes con-
tact all this time). If any of these relays have picked
up, cam P§ will cause the corresponding relays 24 to 55
to pick up at the end of the card cycle. Once they are
picked up cam P7 helds them until the end of the next
card cycle. Since the card going under the control
brushes will go under #2 read brushes exactly one card
cycle later, this means that a group selection contral punch
will activate the group selection relays during the time
the card is passing under the #2 read brushes.

8.4.5. Reset Control and Reset Shunt

The storage holding relays (contacts at 7B, pick up
coils at 3C) 4, 5, and 6 cause the relays in the constant
transmitter to hold their information. The time table
shows that cam CB10 causes these relays to hold from
position 12 on one card until 13.7 on the next card. That
is, the information read from one card is normally dropped
out at the beginning of the reading of the next card.

By plugging from the reset control hubs to the reset
shunt the corresponding constant transmitter relays can
be caused to hold their information until such time as
the relays 56 to 58 arc activated.

By proper plugging on the plug board connection can
be made from the #1 read brushes through the pick up
coil of relay 23 to the digit selector. When relay 23 is
activated relays 56 to 58 will be picked up by cam P8
at 7.6 in the card cycle. A contact on relay 57 and cam
P1i causes relay 59 (o pick up at 9.5 in the card cycle.

Suppose that reset control is operated from a “three”
punch in some column in what will be called a master
card. Card without this “three” punch (in that same
column) will be called detail cards.

At the end of a cycle in which such a master card
passed under the control (#1) brushes relays 23, 56
to 58, and 59 have all picked up. During the next card
cycle the master card will pass under the #2 read brushes.
Relay 59 holds until near the end of this cycle prevent-
ing either a reset or a finish signal. Inspection of the
reader starting circuit in FIGURE 55 shows that the
starting flip-flop K37 is still set and that the starting
relay is still activated so the reader immediately goes
on to read another card. The relays which are shunted
(by plugging reset control to reset shunt on the plug
board) will hold the information read from the master
card until another master card comes along. New infor-
mation will be put into the other relays for each detail
card.

8.4.6. Coding Cams

The coding cams are located at 6A and 7A in FIG-
URE 57, They directly operate the coding relays located
in the constant transmitter. See 8.3.1.
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8.4.7. Reset Signal

Cam P4 produces the reset signal at time 12 in the
card cycle. This signal will be sent to the constant
transmitter (actually to the initiating unit) only if relay
R69 is activated and relay R59 is not. Relay R60 is
activated only when cards are in position at the #2
read brushes (see CR#2 at 3B, that is, continuous
roll #2). Relay R59 is activated only when a “master”
card (a card with a punch operating reset control relay
23) is at the #2 read brushes.

8.4.8. Finish Signal

Cam P3 produces the finish signal at time 9.5 in the
card reading cycle. As with the reset signal this signal
is obtained only if relay 60 is activated and relay 59

is not.
IX. PRINTER AND CARD PUNCH

The printer and gang card punch are the means used
in the ENIAC to permanently record the results of any
stage of the computations performed by the machine.
It will be obvious that any suitable recording means
could be employed for this purpose—for example, the
neons which instantaneously display this result could be
photographed by means encrgized by a signal from the
ENIAC. Conversely, such photographic data could be
optically scanned by known photoelectric means to pro-
vide an alternative “reader” of input data, instead of
the card reader described in the preceding chapter, or
magnetic recording and transcribing means could be
employed. Because of the availability of the card read-
ing equipment, and the relative ease with which it could
be adapted to the purpose, it was decided to use this
equipment, which will be described below in sufficient
detail to show the relationship between the gates and
tubes of the ENIAC and the gang card punch equipment.

The printer causes eighty digits and as many as sixtecn
PM signs which are stored in certain accumulators and
possibly the master programmer to be punched on cards.
In the case of complements (which represent negative
numbers) the printer relays cause the card punch to
punch the true negative number and a corresponding
sign indication (an 11 punch).

When operating continuously the card punch can
punch a card in 0.61 second. However when starting
from rest, the inertia of the punching mechanism makes
the punching time 0.82 second. The units of the ENIAC
associated with the printer (eight accumulators, say, and
five decades of the M.P. do not have to wait while the
complete punching cycle takes place but only 0.4 second.
If the punch is programmed before the end of the first
cycle to punch a second card then the two cards will
be punched in 1.4 seconds. However, if the second
program signal comes any time after the first cycle is
completed the punch essentially loses a cycle (because
of the clutch dropping out) and the punching of two
cards will take at least 2.0 seconds.

Therefore, if there is no more than approximately
2,000 addition times between printing programs, the
punch will punch almost 100 cards per minute. A
small increase in the number of addition times between
printing programs will cut this down to not more than
50 cards per minute. It should be emphasized that while
all these figures are valid for new equipment, they may
vary with (ime, temperature, punch wear, and so forth,

The program control circuits for the printer are located
in the initiating unit. When programmed to print, the
card punch will start, the relays in the printer will be
set up by the static outputs of the various decades and
PM units, a reset signal will come from the punch to
the program control circuit, and the punch will complete
the punching cycle. The reset signal can be used to
continue computation in the ENIAC. Since the set up
time of the relays is small compared to the time for
punching a card this arrangement prevents undue waste
of time while the card is being punched. When the card
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punching cycle is completed an interlock signal comes
from the punch to the printer allowing the relays to set
up anew provided another print program signal came
along in the meantime. This constitutes a mechanical
interlock arrangement.

On the printer there are sixteen “print” switches which
enable the operator lo print or not print any one of
sixteen groups of five digit numbers and the associated
PM indication. There are sixteen coupling switches
which make possible the printing of groups with ten
or more digits. These coupling switches serve no pur-
pose when printing positive numbers. In printing nega-
tive numbers they take care of the carry over in the
process of taking the complements and also gang the
PM relays for the coupled groups.

The discussion will be divided up in the following
manner: 9.1, Program Control Circuits; 9.2, Numerical
Circnits of the Printer; and 9.3, Gang Card Punch.

The following diagrams relate to the printer and card
punch:

Card Punch
Printer Block Diagram
Printer Front Panel
Printer Cross Section
Initiating Unit Front View_. FIGURE
Initiating Unit Front Panel.. FIGURE

FIGURE 66.

FIGURE 67.

FIGURES 61, 62, 63.
FIGURES 68-A and 63-B.
23.

24.

Plug Board for Gang Punch.. FIGURE 70.
Cam Time Table________-- FIGURE 69.
Initiating Unit Block

Diagram__ - FIGURE 25-A.

9.0 General Sumary of the Card Punch and Printer

Data stored in electronic counters of certain units of
the ENAIC is taken to an array of tubes in the printer by
static output leads which run along a trough at the top of
the ENIAC. For each 5 digit group (of the total of 80
digits which can be punched on one card) there are 5
rows of 10 tubes each for the input of digital data. Thsse
tubes are labelled (FIGS. 68-A and 68-B) by a [ctter
from A to E followed by a number between ¢ amd 9 in-
clusive. 1In addition, for each 5 digit group, there are 3
{tubes for recording minus indication belonging tw ths
group. Associated with each input tube is a printer re-
lay. The printer relays for digits are labelled in the same
way as are the tubes. The relays for minus sign indica-
tion are labelled M1, M2, and Cg. The last refay Co, is
referred to as the carryover relay. A printer relay is
activated when its associated tube goes “on.” The hoid
contacts on these relays are connected to the holding
cam in the punch (sec FIG. 66) so that when this cam
breaks at time 9.5 in the card punching cycle the printer
relays release. The card punching cycle is divided into
14 units as is the card reading cycle discussed in Chap-
ter VIII.

1t is to be noted that the input tubes and printer relays
are set up in accordance with the digital information as it
is stored in the accumulators connected lo the printer,
ie., complements are set up as such. In this chapter,
the word complement is restricted to mcan the comgple-
ment of a positive number, Complements are converted
to negative numbers before punching takes place through
the intervention of relays C; through Cs, the PM relays,
M1 and M2, and the carry-over relay, Co. The carry-
over cam in the punch (see FIG. 66) also plays a part
in this conversion.

In the card punch, as in the reader, there is an emitter
with 12 stages (12, 11, 0, . . ., 9 with stage 11 the
minus punch stage, located at 18C, FIG. 66). Certain
stages of the emitter are connected through so called PM
transfer contacts on the minus relays (M1 and M2) to
contacts on the printer relays which register digital infor-
mation. The latter, in turn, arc connected through trans-
fer contacts on the relays C; through Cj; to lines which
carry signals for punches in the various columns to the
computer result exit plugs on a card punch piug board.
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By means of plug board wiring, these mals can be de-
livered to the punch magnets (see FIG. 66) for any de-
sired column of the card.

Each of ths 80 punch magnets operates a fever with a
little head on it.  When a punch magnet is activated, the
lever moves forward and a hammer bar in the punch hits
the hiead of the lever against a punch shaft.  Thus, a hole
is punchied in the colunn with which the lever is asso-
ciated.  Since, throughout the punching, the card moves
forward in synchronism with the emitter, the hole is
punched in the digit row corresponding to the activated
printer relay for that column.

Data may be punched in ail 80 columns of the card or,
if desired, certain columns of 5 digit groups may be Jeft
blank. If the print switch of a 5 digit group (see FIG.
62), which has the positions “print” and “off,” Is set at
off, the printer input tubes for the group of numbers do
not set up and punch signals for that group are not de-
livered to the card punch. No punch is made in a col-
umn for which there is no plug board connection be-
tween computer result exit plug and punch magnet rlug.

The total of 80 digits can be broken up into signed 53,
10, 15, . . ., or 80 digit groups by means of ihe cou-
pling switches on panels 1, and 3 of the printer. The
numbering on these swiiches corresponds to the number-
ing of (he printer relay groups. When a coupling switch
is sct at C, the 2 five digit groups whose numbers appear
on that coupling switch nameplate arce considersd as ong
for sign indication purposes and for compiementation.
If two adjecent coupling switches are set at C, the three
groups whose numbers appear oa the switches are con-
sidered as a single 15 digit gioup, ete.  The use of PM
adaptors is also involved in the coupling or isolation of
five digit groups.

Certain programming circuits for both the printer and
punch are located in the initiating unit of the ENJAC and
others are in the punch itself. Lozated at the initiating
unit (see FIGS. 68, 67 and 25-A) arc the printer pro-
gram pulse input terminal K52 (1), start flip-flop (K51),
finish flip-fop (K83), synchronizing flip-flop (K54), pro-
eram output pulse transmitter K111 and terminal K56
(P,). Neons correlated with these flip-flops are shown
in FIGURE 23. The start flip-flop operates a printer
start relay Jocated in the printer.

On the punch there are start and stop switches and a
master-detail switch (which should, however, always be
set at master). Inside the punch (see FIG. 66) are found
a start relay (R1%), the motor held relay (R$) and H.D.
No. 1 motor relay, relays 1 and 3 which are associated
respectively with the die card lever contact (Die CLC in
F1G. 66) and the magazine card lever contact (Mag.
CLC), and relay 23. The program controls in this and
the preceding paragraph have to do with starting and stop-
ping the printer and punch and will be discussed at greater
length in the following sections.

In addition to the switches and relays mentioned above,
two of the cams in the punch, the interlock and reset
cams, act as programming circuits. The timing for thes:
cams is shown in FIGURE 69. When the interlock cam
makes contact, and when the starting relay located in the
printer (see FIGURE 67) is activated as a result of the
reception of a program pulse by the printer program

ulse input terminal, the input tubes are connected to
20 v., which allows all groups with print switch set at
print to set up. When the interlock cam breaks (12.8-
13.3), the input tubes cannot set up. The reset cam
which makes in the period 11.2 to 11.8 provides a reset
signal for the start flip-flop K51 and sets the printer finish
flip-flop K53 which results, finally, in the transmission of
of a program output pulse by the printer (see Sec. 9.1).

9.1. Programming Circuits of the Printer and Card Punch

The printer program control circuits comprises most. of
two plug-in units in the initiating device and the printing
switches located on panel two of the printer. The cir-
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cuits located in the initiating device are represented in
block diagram form in FIGURES 67—A, 68-A and 25-A.

A program pulse received at the printer program pulse
input terminal on the initiating unit flips the printer start
flip-flop K51 into the abrormal state. The resulting sig-
nal from the start flip-flop energizes the start relay in the
printer.

Provided that there is at least one card in the maga-
zine (so that Mag. CLC, FIG. 66, is closed and relay
3 is activated) and provided that there is a card in
the punch position (so that Die CLC is closed and relay
1 is activated), the signal from the printer start relay
carried to the punch over circuit I-11 activates R23.
As long as the printer stop switch is not thrown and un-
der the conditions noted above for Mag. CLC and Die
CLC the circuit to the punch start relay (R19) through
R23 BL is now closed so that Ri$ is activated. Now,
with contact R10 BL closed, the motor hold relay (R9)
and the H.D. No. 1 motor relay in parallel with it are
activated so that the drive motor starts up. Also, with
R10 BU closed the printer clutch is activated so that a
card is pushed through the punching apparatus. R1%
holds through its hold contact R1& AL until cam P35
breaks at time 9 in the punch cycle.

9.1.1. The Printing Switches

The printing switches simply disconnect the power (209
v. line) to the digit and PM relays of each group. Thus,
if the print switch for a particular group is set at “off,”
the relays of that group casnnot pick-up and thus nothing
will be punched in the corresponding position on the
card.

9.1.2. Starting Circuit

Any pulse arriving at the printer program input ter-
minal P; (see FIG. 25-A) will (through the buffer K112)
set the flip-flop K51. This causes the driver K113
(which has its cathode at 20 volts and has the starting
relay as its load) to come on, closing the starting relay
(located in the printer panel No. 3). This flip-flop will
be reset by a signal arriving from the punch through the
buffer K114. (It can be reset by an ICG, see Section
9.1.5).

9.1.3. Reset and Program Output

After the printer relays have set up (these relays set
up when the interlock cam makes contact and the start-
ing relay is activated) near the beginning of the card
punching cycle (at card time 11.2) the resct signal wiil
arrive at the printer from the punch. This signal passes
through the special pulse standardizer K119 (in unit K115,
see FIG. 68-A; for a description of this circuit see Sce.
tion 1.2.12). The output of this pulse standardizer sets
the finish flip-flop K53 and also through the associated
inverters K117 provides a reset signa] for the starting {lip-
flop described above.

The finish flip-flop K53 opens the gate
CPP which sets the flip-flop K54. The outpnt of this
flip-flop gates a CPP (gate G58) which resets the two
flip-flops passing through the transmitier K111, and ap-
pears at the printer output terminal K55 (P,) on the
initiating unit front panel (see FIG. 24). At the time
of initial machine use, starting with the punch at rest
about 1900 addition times elapsed between the reception
of a program pulse at P, and the output program from P,.

This double flip-flop arrangement is a synclironizing de-
vice. Since the timing of the reset pulse depends upon
the mechanical operation of the punch it will generally
not be synchronized with the CPP in the ENIAC. The
output of the gate K57 will be synchronized, but it can-
not be transmitted since the flip-flop K53 may be set at
such a time that it would pass a substandard pulse. If
the CPP passed by K57 is weak and does not set the flip-
flop K54 no harm is done for the next CPP (K53 is not
reset in this case) will be standard and will set K54. The
circuits comprising these flip-flops and their associated
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gates tubes are relatively slow (the rise time is on the
order of 50 u-seconds). Thus, if a CPP sets the flip-
flop K54, the gate K58 will open only in time to safely
pass the CPP which arrives one addition time later, and
the cutput of gate K58 will always be a standard pulse,
Mote that this program output occurs before the card
punching cycle is completed (assuming the punch starts
from rest and at the time of writing this specification this
time was approximately 1950 addition times).

9.1.4. The Interlock Cam

The intericck cam makes contact near the end of the
punching cycle (card time 13.3) and breaks near the PM
punch of the next card cycle (time 12.8) (see the time
table FIG. 69). This cam and a contact on the starting
relay (in series) connect the cathodes of all the tubes in
the printer to 20 volts. When this circuit is open the
cathodes rise (see the 2K, 10 watt resistor near the start-
ing relay in FIG. 67) to about 200 volts. Since this is
about the same potential as the plates, any signal on the
grids (and generally there will be signals on certain of the
static outputs) will not cause any of the tubes to g0 on
and set up their corresponding relays.

The printer may again be programmed to print any time
after the reset signal has arrived (see Section 9.1.3 ). How-
ever, except for the activation of the starting relay, noth-
ing will happen until the end of the cycle which the punch
is in; until the interlock cam makes contact, This fur-
nishes a mechanical interlock arrangement. The second
print signal cannot cause any tubes to conduct and relays
to set up in the printer until the first punching cycle is
complete, At time 9.5 in the first cycle, the holding cam
breaks contact releasing ali relays in the printer. At time
13.3 the interiock cam makes and (provided the start re-
lay is activated) the printer relays set up in the new way
and a second card is punched.

Table 9-1 gives the timing of the printing sequence.

TABLE 9-1

Card
Time

Anprox. Time
Add. Secs. Activity
Times

Printer program pulse arrives (at initiat-
ing unit).
Starting relay closes (in Printer),
Carid punch starts and rekays set up.
Carry-over cam m .
Holling cam maky
Interlock cam hreaks (this turns of all
tubes in printer and, thus, releases the
accumulators and master programmer
laor other activities).
PM indications are punched,
Reset cam eloses causing:
(1) Starting fip-flop to reset.
(2) Printer program output pulse to
be transmitted.
ENTAC proceads with other computing.
Reset camn breaks.

1900 to 2000, 4

Digits are punched.

Carry-over cam Dreaks,

Flolding cam breaks.

Interlock cam makes. Relays will set-up
again as soon as starting relay is elosed.
Note that the next printing signal may
arrive any time after the reset cam
breaks, that is, any time after 11.5.

Punchr stops unless start ing relay has
been closed.

Clearly, the programming in the ENIAC must not be
arranged so that a second print program inmput pulse
arrives at P; befcre the reset signal has been given out
by the punch and the flip-flop K51 has been reset. Hence,
no pulse should be supplied to the printer program input
until after a pulse has been emitted from the printer
program output P,.  Any pulse arriving after the reset
signal but before the end of the card punching cycle
(that is, during the period 11.2 to D) will be remembered
and will cause the punch to continue and punch the next
card.
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9.1.5. Initial Clear

The only place that the initial clear gate is used in
the printer circuits is to reset the starting flip-flop K51
(FIG. 25-A in the initiating unit).

9.2. The Numerical Circuits of the Printer

Of the sixteen relay groups, groups cne and sixteen
and parts of groups two and fifteen are represeated in
FIGURE 67. Assume that the plug-board is so wired
that the columns (A, B, C, D, and E) correspond to the
first five columns on the card. Suppose, furthcrmore,
that the PM indication for this five digit group is to be
punched in column one or A.

There are fifty digit tricdes in group onc (actually 25
6SN7s) and three PM triodes. The grids of these
tubes connect direcly by a 51 line cable to the static out-
puts of the decades and PM unit of an accumulator.
Just one PM line goes to the three grids of the PM tubes.

The tubes in each column are denoted by AQ to A9,
BO to B9, et cefera; that is, the sccond symbol denotes
the digit represented by that tube being on. The grids
of these tubes are connected to the normally negative
outputs of the stages of the decade rings. The PM line
in the cable goes to all three PM tubes (the tubes driving
the carry-over relay Cy’ and the PM relays M1 and M2).

The leads from the emitter arrive at the upper left
corner of FIGURE 67. These emitter leads go through
transfer contacts on the relays M1 and M2 to the vaiious
digit levels in the five columns of relays.

All the digit and PM relays have holding contacts con-
necting them to a line controlled by the holding cam.
The holding cam makes at the beginning of the punch
cycle (at time 14.5, see Table 9-1) and breaks at the end
of the cycle (at 9.45). These holding contacts cause
any relays which are picked up by tubes conducting to re-
main up until the end of the cycle. Thus, the printer
tubes need to conduct only long enough to safely pick up
the relays. This determines the length of contact made
by the interlock cam (13.3 to 12.8) (note that if the
punch stops between cycles then the tubes begin to con-
duct at time D=13.5 when the starting relay is activated ).
Once the relays are picked up the tubes canm be turned
off by the interfock cam and aif the units which connect
statically to the printer groups whose print switch is “on”
can then be released to participate in further computa-
tions.

If the interlock cam has made contact and the starting
relay is closed, then one digit relay (in ecach column)
picks up, corresponding to the actual number registered
in the decade of the accumulator or masier programmer.
All three PM relavs will pick up together if the number
is negative.

Suppose the number P12345 is registered in the decades
and PM unit of an accumulator associated with group
one relays. If the print switch of group one is sct to
print and the starting relay is closed (assuming the inter-
lock cam is making contact) then the tubes Al, B2, C3,
D4 and E5 will conduct closing relays Al, ..., ES.

As the card passes under the punches, pulses arrive
from the emitter over the emitter lines. Since the above
nmber was positive all three PM relays (Co, M? and
M2) are unaciivated. This means that there is a con-
nection from emitter line “one” through the transier con-
tact on M1, through the contact on Al to the transfer
contact on C;, and on to the punch magnet (via the
punch plug board) for column one on the card. Thus,
when the ome position on the card is under the first
column punch a signal from emitter line “one” will
(through this circuit) cause “one” to be punched in the
first column of the card. The circuits for the above
number and for M12378 are illustrated by the rows in
the following tables. In these tables (A) denotes that
the relay is in the abnormal or activated position while
(N) means that the rclay is in the normal position.

The resistance-capacitance circuits found on the coi-
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tacts of the carry-over relays (and on one contact of
the starting relay) are to prevent arcing at the contacts.
The protection is necessary only on contacts which carry
relative heavy loads, and not only prolongs the life of the
relay but provides more reliable operation.

In the case of the number M12370, the minus indica-
tion will cause relay Cg to be activated which in turn
(assuming the coupling switch 1-2 is set to “0”) causes
C; to operate. Since the last digit is zero, relay EO
(group 1 relays) will be activated which will cause Cy
to operafe.

PTABLE 9-2—CIRCUITS FOR THE NUMBER P12378

Line to
M TRelay Tigit relay Carry-over Tunch
Fmitter Tine transler contact relay trans- Magnet
contact fer contact (via plug-
bouard)
1
2
3
4
5

TABLE 9-3—CIRCUITH FOR THE NUMBER MI12378 (—87622)
[Relays Cr, Cg, M1 and M2 are now activated, C; to G4 normal, coupling
swileh at 0]

Line to
PM Relay Digit relay carry-over unch
Emitter Line transfer contact relay trans- Magnet
contact fer contact (via plug-
hoard)
1
2
3
3 4
My {A)oo 5

Notk.—Tn the above tables (IN) means the relay is in normal or unacti-
;;L)Elcd position while (A) means it is in the abnormal or activated posi-
The carry relays C;, Cs and C; will not be activated
so the circuits take complements with respect to ten
(modulo ten) in the units and tens place and with respect
to nine in the other places.

It is essential that the carry-over cam breaks before the
holding cam does. Tf the holding cam were to break first,
then a string of carry-over relays which may have picked
up would be dropped by the contact on relay C0 and since
the carrv-over relays which have picked up are connected
in parallel the load here would soon burn up the contact
on C§. Since the carry-over cam breaks first (at 9.36 as
against 9.45 for the bolding cam) the contact on Co will
not be breaking any current.

There is one PM unit in each accumulator and there are
two sets of PM relays (one set with each five digit group).
Thus, to print ten digit negative numbers the PM static
output must be connected to both sets of PM tubes. This
is accomplished by the use of an adapter which connects
{he two PM lines to the one static output. In case of
twenty digit operation an adapter must be used to connect
(he four sets of PM tubes to the PM static output of the
left hand accumulator.

The adapters for the ten digit operation are installed
in the backs of the respective accumulators. This adapter
is a plug and two sockets; the plug goes into the PM
static socket (on the PM-clear plug-in unit) and the two
sockets receive the two PM lines of the two static cables.
The adapters for more than ten digit operation are best
installed in the printer (behind front panel No. 2) (those
for ten digit operation could be installed here, too).

To make it possible to print the actual numbers regis-
tered in certain decades (regardless of sign) there is a
ground lug on the printer plugs which normally connect to
the static PM leads. Another adapter (a socket with a
jumper inside) used here grounds the grids of the PM
tubes. 'This prevents them from conducting; if the grids
are allowed to “float” the tubes may or may not conduct.
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Such an adapter must be used, for example, whenever
printing numbers {rom decades in the master prograni-
Iner.

9.3. The Gang Card Punch

The gang card punch will be described in terms of FIG-
URE 66. This punch was constructed in the foliowing
manner: An unfinished standard gang summary punch
was removed from the assembly line and certain details,
such as cams and column split relays were added to make
a punch for use with the ENTAC. This means there is
some unused apparatus in the punch; for example, there
is a sct of control reading brushes and the continuous roll-
er is in for the regular set of reading brushes. This also
explains why there are shunts on some relay contacts.
The master-detail switch located on the front of the punch
simply acts as an on-off switch for the punch magnets
(“on” corresponds to “master”).

9.3.1. The A-C. Circuit

The A.-C. conncction is normally plugged to the outlet
on the bottom of panel two of the printer. Power is
furnished to this outlet only when the ENIAC js turned
on. Oulizsts on all other panels except panel three of the
constant transmitter have power all the time, Thus, if it
is desired to operate the punch without turning on the
ENIAC one of the outlets of one of the other printer
panels may be used.

When the A.-C. power is turned on H.D. relays No. 2
and No. 3 close siarting the motor generator and closing
the 40 volt D.-C. circuit. The green light on the front of
the punch indicates that the motor generator is operating
properly. The drive motor is started by the closing of
contacts on H.D. relay No. 1. The pick-up coil for this
relay is in parzilel with R9. R9 is picked up by a con-

tact on Ri% and another contact on R10 operates the :

clutch. Thus, relay 10 is the starting relay.

9.3.2. The Starting Circuit
There are three card lever contacts,

(1) Die card lever contact (Die CLC)
(2) Magazine card lever contact (Mag. CLC)
(3) Brush card lever contact (Br. CLC)

which activate relays 1, 3, and 7. These card lever con-
tacts determine if the cards are being fed in properly.
There is a die contact which determines if the punch die
is in proper position. If the die contact is open, neither
the start key on the punch, nor the starting circuits of the
ENIAC will operate the punch. The various card lever
contacts are by-passed by the start key on the punch.
Thus, it can be used to feed the cards into position when
they are first put into the magazine.

If the magazine runs out of cards the punch will stop.
If the starting relay is closed the printer relays will pick
up and the punch will operate the moment new cards are
placed in the magazine. The operator should hold down
the stop key when putting new cards in this case. Other-
wise, the punch may start before the cards are firmly
seated and may fail to feed the first card.

To start the punch, the ENIAC completes the circuit
from terminals one to elcven. This, through contacts on
relays 1 and 3, closes R23. A contact on R23 causes R18
to close. Contacts on R10 cause RY’, relay H.D. No. 1,
and the clutch to pick up. Relay 9 and H.D. relay No. 1
are held by R10 and by the continuously running cam
(C.R. cam). Relay 10 in turn is held by cam P5. Thus,
when the starting relay is closed in the printer, relays 9
and & pick up and hold until the end of the card punch-
ing cycle. At that time they drop out as does H.D. No. 1.

he clutch dreps out when relay 10 drops and the drive
molor coasts to a stop.

Note that the operator must use the initial start switch
to fecd cards into position when starting, since with cards
only in the magazine the ENIAC starting circuits will not
operate.
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A card stacker switch opens the starting circuit when
too many cards are in the stacker. When the cards are
removed the machine will coxtinue to operate in the prop-
€I manner.

9.3.3. The column Splits (PM Circuits)

The pick-up coils of the column split relays are located
at 5C in FIGURE 66. These relays are activated by cam
P2 during the time that the 11 and 12 positions of the card
are passing under the punches (actually, from 13.6 until
11.6). The relays act as a sixteen-pole, double-throw
switch (sce contacts at 7 and 8A and B) and connect
the punches (via plug-board connections) to the minus
indication terminals (at 8D) during the 11 and 12 posi-
tions of the card and to the computer result exit terminals
(8D) during the rest of the card cycle. This makes it pos-
sible to punch a PM indjcation and a digit of a number
in the same column.

9.3.4. The Punch Magnets

The circuits to the punch magnets is completed by con-
tacls on relays 43 to 56. These relays are activated by a
circuit through the master-detail switch (with switch set-
ting on “master”), a normally closed contact on, R14 and
cam P12 (makes at 14.3 and breaks at 9.3).

9.3.5. The Emitter

The emitter is located at 18C. It turns in synchronism
as the card passes under the punch magnets, that is, the
emitter connects to line 3, for example, when position
three is under the punches. If the circuit is completed
from emitter line three back to the punch magnets then
three will be punched.

9.3.6. The Piug-Board

Tnstructions for plug-board connections appear in FIG-
URE 70. The eighty-digit outputs appear on eighty hubs
on the plug-board. The eighly punch magnets appsar on
eighty other hubs. Thus, information can be rearranged
on the card in any desired manner.

X. MASTER PROGRAMMER

The master programmer is a central programming unit
whose primary function is to direct and stimulate the
performance of the program sequences of various levels
which enter into a computation. While the master pro-
grammer is capable of stimulating the performance of in-
dividual programs, it is usually not required for this pur-
pose. It is, however, essential to use the master pro-
grammer to accomplish the iteration of a program se-
quence into a chain or to link together chains and pro-
gram sequences.  The master programmer can link pro-
grams together either serially or on the basis of magnitude
discrimination. The naster programmer may also be used
as a counter in that it is capable of storing numbers (with-
out sign, however) and also of adding by couating pulses.
This latter feature enables the operator to store values,
say of the independent variable, in the master programiner.
Certzin decades of the master programmer have been con-
nected to the printer so that a number stored in these
dccades can be printed.

Reference will be made to the following diagrams:
Master  Programmer  Front
View____________________. FIGURE 71.
Master  Programmer Front
Pamels_._________________. FIGURES 72-A and B.
Master  Programmer  Block
Diagram-________________. FIGURES 73-A to D.

The master programmer occupies two panels. The two
panels are practically identical in function and in ap-
pearance. The block diagram, FIGURE 73, refers to the
left hand panel; however, by changing some of the termi-
nology, it can refer equally well to the right hand panel.
Thus, in the following discussion only the left hand panel
will be considered. In the left hand panel the decades
are numbered from 11 to 20 (reading from right to left
as in an accumulator) and the steppers are named A, B,
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C, D, and E (from left to right). In the right hand panel
the decades are numbered from 1 to 10 and the steppers
are named F, G, H, T, and K.

10.1. Introduction

The master programmer contains only program cir-
cuits, there being no numerical or common programming
circuits. The program circuits will be divided into two
types, namely, stepper circuits and decade counter circuits
or decade units. The decade counter circuits are reprc-
sented in FIGURE 73 by the ten rectangles along the
top of the drawing. The five steppers are represented by
the rectangles along the bottom. The decade counter cir-
cuits are divided into groups, each group being associated
with a stepper. To give flexibility decade associator
switches are provided which change a decade circuit from
one group to another.

10.2. Decade Counter Circuits (FIG. 73)
10.2.1. Decade Ring

The decade rings used in the master programmer are
ten stage ring counters located on plug-in units. The clear
inverter (Y1) is also located on the same plug-in unit.
The pulse standardizer and the carry circuits associated
with the ring are on a separate plug-in unit. In fact, for
each pair of decades the pulse standardizers (Y2 and Y3)
and carry circuits (Y4, Y6, Y7 and Y8) are on one plug-in
unit.

Provision is made for making static cable connections
to any decade ring of the master programmer. This
would enable the operator, for example, to register an in-
dependent variable in certain decades of the master pro-
grammer and to print it whenever desired.

The normally positive outputs of the stages of the
decade ring go to the respective positions on the six decade
switches, Y72. The common conmnection of each switch
(Y13, etc.) connects to the grid of the inverter tubes Yi4.
1f there is a coincidence between the setting of any decade
switch and the position of the decade ring the correspond-
ing inverter will be turned off. Since all the switches
are illustrated as setting at “7*" all the inverters would be
turned off if the decade ring was stepped to stage seven.

The carry circuit—Whenever a decade is stepped to
stage “nine” the static output causes gate Y6 to open. If
another pulse is fed into the pulse standardizer the ring
will step to zero and a pulse will pass gate Y6 (or gate
Y4 for even numbered decades), go through the inverter
and buffer Y8 and thence to an associaticn switch or, in
some cases, directly to the input of the pulse standardizer
for the next decade to the left.

The carry circuit is spread over parts of three plug-in
units, and thus, necessarily has a very poor time constant.
Actually, the rise time for the circuit comprised of stage
nine of the ring and gate Y6 on a separate plug-in unit
(four times the time constant)—approximately the time
for the signal to reach 97% of its maximum amplitude is
on the order of one-half an addition time. Thus, any se-
quence of digit pulses which would produce a carry-over
cannot be fed into the decades of a master programmer
during any one addition time. There are other situations
(see the discussion of clear circuits below) where digit
pulses cannot be fed into these decades.

The clear circuits—This ring is cleared by a CPP pass-
ing gate Y16, for example, and turning off the clear in-
verter (tube Y1) on the decade plug-in unit. This clear
circuit is operated either by the initial clear gate arriving
at the buffer Y17, say, or by the operation of one of the
coincidence gates Y18 in the stepper circuits (E). Gen-
erally, one of these coincidence gates will conduct when
there is a coincidence between the position of the stepper
ring, the settings of a number of decade switches and the
position of the corresponding decade rings.

Since the clearing is accomplished by a CPP passing
gate Y16 (in decade 11) the decade cannot be stcpped
by any nwmber of digit pulses (arriving over the direct
input 11d7) which will step it past a coincidence position.
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This restriction is not because of the time constants.
Actually, for the clearing to take place the ring must
come to (and stay on) the coincidence position (that is,
the position corresponding to one of the decade switch
settings) so that gate Y19 is set up at pulse time 17; and
pulse time 17 is some time (at least seven pulse time)
after the last digit pulse arrived. In fact, digit pulses
should not be used to step this ring to a coinctdence
position. The rise time of this clearing circuit (as well as
the stepper clear circuits) is on the order of one-half
an addition time (10 pulse times). Thus, the circuit can
be expected to operate satisfactorily only when stepped
to the coincidence position with a program pulse (CPP).
Note that the time constant of these circuits vary con-
siderably depending upon the positions of the association
switches and the stepper considered.

Note that there is no provision for delayed carry-over
(as in an accumulator). This means that twe associated
decades cannot be stepped simultancously in a manner
which produces a carry-over.

10.3.  The Stepper Circuits
10.3.1. The Stepper Ring

The stepper contains a six stage ring located on a
plug-in unit. On the same plug-in unit is a pulse stand-
ardizer and a set of inverter tubes connected to the out-
puts of the ring. he set of outputs of the ring which
go through inverters go to two sets of six gates each,
gates Y18 and gates Y21. The other outputs of the
stages of the ring go to the respective positions on the
stepper clear switch. The common terminal of this
switch goes to gate Y22. When Y22 is open any pulse
arriving from buffer Y23 will clear the stepper back to
stage one. The stepper will clecar to stage one in the
following cases:

(a) When the initial clear gate is applied, gate Y24
opens letting through a CPP which turns the inverter
Y26 off clearing the ring.

(b) A pulse arriving over the clear direct input (cdi)
turns the buffer Y27 on and the inverter Y26 oft.

(c) If the stepper is sct at stage five and the stepper
clear switch is at five (as illustrated) the gate Y22 will
be open. A pulse passed by gate Y19 or from the buffer
Y23 on the stepper dircct input (d7) will turn the in-
verter Y29 off and the buffer Y23 on. This will cause
the inverter Y31 to go off causing the gate tube Y22 to
conduct. This in turn causes the clear inverter Y26
to go off and clear the ring.

The stepper clear circuit—The stepper clear circuits
will not operate in one pulse time (the rise time for this
clear circuit is about one-half an addition time). This
means that the stepper ring can be stepped with digit
pulses only if the ring is not stepped onto the coincidence
position (that is, onto the stage corresponding to the
setting of the stepper clear switch).

The stepper direct input—A direct input (through
buffer Y28) is provided to step the stepper ring. In this
case the associated decade units ring is not stepped and
no output program pulse is obtained. Note (above) the
restrictions on the kinds of pulses supplied to this input.

The stepper input—The flip-flop Y32 and the asso-
ciated gate Y33 has a time constant approximately equal
to that of the slow buffer output of a transceiver. This
means that this input (E; for example) must never be
pulsed later than pulse time four. That is, it can be
pulsed by a CPP, 5P, 1P, 2P, or 2'P; but not by 4P,
1'P. or generally by any digit cutput of an accumulator.

Note that if B; and Ecq;, for example, are pulsed simul-
taneously, the stepper will clear first and the output pulse
will be from E,o.

10.3.2. The Program Transmitters

Tn the lower right hand corner of the rectangle (FIG.
73..D) containing the stepper circuits there arc six pates
v21 and six standard transmitters Y34. One of these
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gates will be open depending upon the position of the
siepper ring,  Any pulses arriving from the buffer Y35
will be transmitted through cae of these channels.  In the
illustration the stepper is sotting at stage one so any
pulses from Y36 will be transmitted through the left hand
gate Y21 (1) and will appear on the output terminal
Ero. Note that a lead Y37 comes from the mastzr pro-
grammer clear (MPC) to all these gate tubes. This lead
goes to the screcens of the gate tubes. Whenever the
initinl clear is activated a relay located in the initiating
unit changes thess screen voltages from 150 to 0 volts.
This blocks these gates, that is, even if a signal arrives
ca both control grids the tube will not conduct. As
explained in Szction 2.1.2,, the effect of the initial clear
is to clear decades back to their first stages and let the
program circuits run out their sequences. By program
jumpers various program controls in the machine may
be cornected in a sequence that will take several hundred
ion times to run cut. These scquences may be tied
her by the master programimer so they would take a
very long time to rua themselves out or even repeat in-
definitely.  To prevent this tying together and, thus, make
the time for initial clearing reasonably short the output
gales in the master programmer arz blocked in this man-
ner. A period of about one half second will be suffi-
cicat (includi a sarcty factor) for any possible se-
quono: s of the ENIAC to run
out, initial clear lasts for approxi-
mately

—_

1

8.3.3. The Progrem Recelving Circuit
The input program will ordinarily come in by the ter-
minal E; causing the buffer Y38 to go on setting the

flop Y32, 1 ouiput then takes a positive swing
opcning gate Y33, The rext CFP is passed resetting
the flip-flop and turning off the inverter Y3%. This

: cathode follower Y38 to go on giving a posi-
pulse to the grids of the gates Y21. This also turns
the buifer ¥41 on giving a negative pulse to the pulse
standardizer of decade 11,

As described above, 10.3.2, one of the six gates Y21 is
opent depending upon the position of the stepper. Thus,
for every pulse put into E; a pulse is sent into decade
11 and a pulse comes out of one of the terminals Ejo to
Ego one additica time later.

Puises fed into Edi cause the steprer to step, and pulses
0 3347 cause the decade to step.  Neither of these
causes any pulses o be giveil out at the outputs Fio to Ego.

Ig¢

18.3.4. Tlie Coincidence Gates

The coincidence gatcs are tubes Y18 for stepper E.
Whenever any one of these geis a signal on both grids
tirc invericr Y42 goes off and the gate Y19 is opcned.
This passes the next CPP {o the inverter Y29 and the
The output of Y23 goes to the pulse stand-
ardizer Y48 stepping the ring and it also turns the in-
verier Y31 off.  If the gate Y22 is open the clear signal
from Y26 safely overrides the stepping signal from the
pulse standardizer and the ring clears back to stage one.
Alzn, a pulse on the clear direet input (Feg, Y2Y) or a
CPP passed by gate Y24, when initial clear is activatcd,
will safely (that is with adequaie safety factor) over-
ride any stepoing signal.

The oulput of the stepping gates also goes to the clear
circuils in the decade counter causing the decade to
clear back to zero. Again, this clear signal overrides any
stepping siznal.

Stepper £, with the decade associator switch for decade

2 seiting has illusirated, as only one decade associated
with it, Consider stepper D, This stepper has decades
12 and 13 associated with it.  Looking at stepping gate
Ya% (1) it is scen that one of the grids connects to
both the iaverter Yi4 (1) of decade 13 and, through
the D—T ascoclator switch, to the cerresponding inverior
Y14 (1) of decade 12. If either inverter is conducting
the grid on Y44 (1) will be sufiiciently negative to pre-

builer
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vent it from conducting. This constitutes a multiple
coincidence arrangement., That is, in order for Y44 (1)
to conduct three inveriers must go off, namely Y14 (1)
of decades 12 and 13 and Y46 (1) in the stepper ring
unit.  Consider stepper C. If five decades are associated
with stepper C then in order for any stepping gate (not
shown) to conduct the inverter in the stepper ring unit
must go ofi along with the five inverters in the respec-
tive decade units.

Steppers A (FIG, 73-B) and F (not shown) may be
vscd without any asscciated decades. When the A—B
iaf ch Y12 (or the F—G) sets at B (or G)
the screens of the coincidence gates (e.g., Y47) are
switched {rom 150 to O volts, This prevents any of
se zates from conducting, and thus, gate Y19 of A
r conduct This means that the stepper ring can
be stepepd only by pulses introduced over the direct
input. 2 siepper clear direct input functions as before.
Any pulses arriving over the program input will be trans-
mitted over one of the six outputs depending upon the
position of the stepper ring.

Any of the other steppers may be made to operate in
the above manner by removing the gate Y19 in the plug-
in unit, MNote, that the only diiference in the operation
of these other steppers (as compared to A or F) is that
cerinn decades will count the pulses coming in on the
stepper program input.  These decades will clear at posi-
tions depending upon the settings of the decade switches
but iliere will be no corresponding change in the stepper
position.  This clearing could be prevented and, thus,
the toial number of program pulses counted by remov-
ing the coincidence gates (Y44, for example) instead of
gate Y19.

10.4. Association Switching

All the decade units are exactly alike, and the stepper
uniis oaly differ with respect to the number of decades
that can be associated with each one. FIGURE 73
shows that decade 12 can be associated with either
siepper D or E. Decadc 14 can be associated with either
C or D, decade 18 with either B or C, and decade 20
with either A or B. When decade 20 is associated with
stepper B then stepper A has no associated decade (see
above).

The decade associator switch Y12 is a nine pole dou-
blz throw swiich. The six poles on the left handle the
ouiputs of the inverters associated with the decade
swilches.  The seventh pole takes care of the clear cir-
cuit, the ecighth the input to the next decade on the
left, and the ninth the input of the decade to be assc-
ciaied. In the case of decade 20, since there is no dec-
cade to the left, the eighth pole takes care of the input
to decade 20, and the ninth pole is used to change the
screcn bias of the coincidence gates.

Consider the associator switch for decade 12. As illus-
trated this decade js associated with stepper D. The
following table illusirates what happens for the two posi-
tions of the asseciator switch for decade 12:

TABLE 101

th

Associated with D Assoeiated with E

of the in-
Y14 of dJe-

Oalyuts
verlers
cuwrle 12,

Fo to stepping gates | Go to stepping gates
Y4, Y18.

Goes to the output of
the steppiug gates
Yis,

Govs Lo Lhe output of

Trecade clear input
the stepping gutes
Y44.

(to Y43).

Goes to the bhufler

Goes 1o 1he earry
Y41 of stepper 1,

aver cireuit of de-
cade 12,

Input to decade 13,

(toes to the carry over
eircuit of deeade 11,

Cioes {o the butler

Input to decade 12,
Y4l of steppeer D,

Thus, when decade 12 is associated with stepper E,
decade 11 acts as a units decade and 12 as a tens dec-
ade in counting the number program pulses coming in
at the terminal E;. Therefore, the two decades can
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TABLE 10-2—PROPERTIES OF MASTER PROGRAMMER INPUTS

t=addition time when terminal is pulsed uuless otherwise noted.

s=stage of stepper counler before & pulse is reeeived.
ds=number set up on decade switches assoclated with stage s of stepper counter.
c=number set up on stepper clear switeh.

Input Terminal Pulse Input Effect of Reception of a Pulse Addition 'Time
Effcet Oceurs

Stepper Input_ ..o

Stepper Input A or ¥ with
decades dissociated.

Stepper Diveet Input. . ...

Stepper Direct Tuput A or F
with decades dissociated.

Stepper Input oo

and
Stepper Dircet Input. .-

Stepper Inpub. oo oooeooat
and

Stepper Dircct Input A or F
with no decades.

Decade Direcet Input. ...

Program pulse at end of add,
time t or PM pulses during
add. tine t4-1.

Program pulse at end of add.
time t or PM pulses during
add. time t+4-1.

Digit or progrant pulse.__...—..-

Digit or progranl pulse. .. ...

Program pulse at end of add.
time t.

Program pulsc at end of add.
titne ¢ or p digit pulsces ducing
add. time t41.

Program pulse at end of add.
time .

Program putlse at end of addd,
time t or p digit pulses during
add. time t4-1,

Program pulse_ oo

t+1.
t+1.

142,
12,

41,

1. Output pulse is {rausmitted through output termuinal corre-
sponding to stage s of stepper counter.
2. Decade counters cyele 1 stage I units plaee -« meommemooo-
3. 10 input cycles decade counters de:
(a) decade counters clear to zero
() stepper counter cyeles Lo (s+1) mod ¢c__..

1. Output pulse Is transmitted through output terminal corre-
sponding Lo stage s of stepper counter.

2. (No decade counters).

. (No decade CoUners) .o cooocemmon

[N

. No output pulse is transmitted
. Deeade counters do not eyele_
. Stepper counter cycles 1 stage I

[

. No oulpit pulse is transmitted -
. (Na decade counters
. Stepper counter cyeles 1 stage for ¢

w o —

Jclx-f)ﬁisc receiy -
1. Output pulse is (ransmitted through output terminal assoclated | t4-1.
with stage (s--p) of stepper countee.

2. Doecade counters eycele 1 stage inunits place. - o ooveeooovoooon
3. Rtepper counter cyeles 1 slage for cach pulse received at stepper
direct input terminal.
4. If decade counters are cycled to stage Qatpt
(1) decade counters clear to zero
() stepper counter eycles Lo (s+p+1) mod ¢

1. Output pulse is transmitted through stage (s+p) mod e ...

. (No decatde counter) ...
. Stepper countoer eycles

X3

1. No output pulse is transmitted._..
2. Decade counter cycles one stage
3. If decade counters are cycled Lo st

Limedintely.

Immedintely.

i+1.
Inunediately.

Limmediately.

TImnediatedy.

Stepper Clear Direet Iuput__.| Program pulse or digit pulses.--| 1.

{a) decadle counters clear to zero t4-1.
(b) stepper counter cycles to stuge (s11) mod ¢ 141,
Stepper counter clears 10 Stage 1o ooom oo cvnemmcm e Immediately.

count as many as 99 pulses coming in at Ej. When
decade 12 is associated with stepper D, decade 11 acts
as a units decade in counting the number of pulses com-
ing in at E; and cannot count more than 9 pulses. In
this case decade 12 acts as a unifs decade in counting
the number of pulses coming in at Dy

Consider stepper C. If both decades 14 and 18 are
associated with stepper C then the five decades (14 to
18) can count as many as 99,999 pulses arriving at ter-
minal C;.

10.5. Programming the Master Programmier

One aspect of master programmer control is provided
by the switch settings (decade associator, decade, and step-
per clear). The other aspect is the input terminal
(decade direct, stepper, stepper direct, or stepper clear di-
rect) which is pulsed. Table 10-2 summarizes the proper-
ties of the master programmer inputs.

It is to be noted that in the master programmer, each
stepper with its associated decades functions as a unit
independently of the other steppers and decades. For this
reason, it is possible to stimulate some or all of them
simultaneously.

It is even permissible to pulse more than one of the
input terminals of a given stepper-decade combination
simultaneously. For example, a decade direct input ter-
minal and a stepper input terminal may be pulsed simul-
tancously because the cycling of the decade counters due
to the former is completed before that due to the latter
begins. A stepper input and stepper direct input ter-
minal may also be pulsed simuitaneously because the
latter affects only the stepper counter and does so im-
mediately while the former affects the decade and, if it
affects the stepper counter, does so two addition times
after the input. On the other hand, the stepper direct
input should not be pulsed two addition times after the
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stepper input or one addition time after a decade direct
input because of the conflict that would arise if the decade
counters were thus cycled to the settings of the decade
switches.

X1, THE TRANSMISSION SYSTEM AND SPECIAL
DEVICES

This chapter contains a definition, and some descrip-
tion of the digit and program trunks which carry the
pulses representing digits or program signals from one
Lnit to another; also various special devices such as shift-
ers, deleters, adapters, static cables, and so on.

11.1. Trays and Trunks

It is necessary to transmit pulses represcnting digits or
program signals from one unit of the EN IAC to another.
Turthermore, this must be done in an entirely different
manner for each new problem that is put on the ENIAC.
Thus, the interconnection systems must te very flexible.
¥or this purpose trays and jumpers are used.

11.1.1. Trays

A tray is essentially an eleven wire transmissicn line,
capable of being connected to other trays and to the digit
terminals and program terminals of the various units.

A detailed description of both digit and program trays
has been given in 4.2.7.

These trays are stacked on the front of the various
units of the ENIAC, some above and some below the
program control panels. Generally, the program trays
will be placed below the contrcl panels and the digit trays
will be placed above. There is room for about twelve
trays to fit above and iwelve below the conirol pancl of
a unit, aithough a much smaller number will ordinarily
be sufficient.
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11.1.2. Jumpers

Cables or jumpers are used to connect ihe trays to the
digit terminals and program terminals. There are two
kinds of jumpers. One, a program jumper, consists of a
single wire and ground and is used to connect a socket
cn a program lray to a program socket on one of the
units. The cther, a digit jumper, has eleven wires and
a ground and is used to connect an outlet on a digit tray
and to a digit terminal of a unit. This Iast type of jumper
is also used to connect trayvs together.

11.1.3. Trunks and Lines

A single wire and ground, running through several
program trays, jumpers or program cables and thus con-
necting a number of program terminals to one another,
is called a program line. A sct of eleven wires and
ground used to transmit a ten-digit number and its sign
and running through several digit trays, jumpers or cables,
is called a digit trunk.

One set of digit trays (9) are connected together to
forin the cycling unit trunk. This carries the various
pulses and gates produced by the cycling unit around to
the various units of the ENIAC. Nine trays are suffi-
cient here since the printer docs not connect to this trunk.

11.1.4. Load Boxes

Each wire of a digit trunk and each program line has
one load resistor counected to it. These resistors are as-
sembled in boxes, and one box is to be plugged into an
otherwise unused outlet at the end of one of the end
trays of each set connected together by jumpers. This
makes it possible to have the flexibility of being able to
connect varying numbers of digit and program terminals
to the trunks and program lines.

11.1.5. Load Units

The pulses and gates transmitted over the trays must
have rise times better than %4 microseccond. This sets
an upper limit to the value of the time-constant, RC,
where R is the equivalent resistance of the {ransmitter,
ard C is the capacity of the trays and interconnector
cables. The value of R has been made low by using two
triodes (pentodes connected as triodes) in parallel, with
the load in the cathode circuit. To lower it further
would require more tubes and appreciably more power.
It is therefore necessary to design the trays and connect-
ing cords so that the maximvm C to be driven is never
larger than 5,600 micromicrofarads, Capacities from one
line to another must be kept to a small fraction of the ca-
pacity to ground, in order to avoid cross-talk effects.

‘the flexible shielded cable which is available for use in
making interconmection cables has a capacity of about
30 micromicrofarads per foot. If each cable is three feet
long, and 30 such cables are used on a given trunk line,
the capacity thus added may be of the order of 3500
mmfd. This leaves no more than 1500 mmfd. capacity
for the trays and their short interconnection cables or
jumpers. If eight trays are used, a tray and its jumper
must have a capacily less than 200 mmfd. Since an
eight foot length of shielded cable would have more than
this, it is not possible to use this for running digit trunks
and program lines the length of the ENIAC. Special
ccaxial lines would not only be expensive, but would ex-
cessively complicate the job of connecting in the sockets
which are to occur every two feet.

The tray desicn which has been adopted is nearly
equivalent to a coaxial line with convenient openings every
two feet. The shielding is not perfect, but cross-talk is
reduced to less than five percent for evea the worst com-
bination of conditions. The maximum cross-talk then
amounts to a two-volt pulse, which can have no effect
since it is applied to the grid of input tubes binsed at
—20 volts, with cut-off at —8 volis.

learly, there canont be too many jumpers connected
to a particular digit trunk or program line or else the
capacity given above would be excecded. To assist the
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operator in determining the maximum safe loading the
following term is intreduced.

One load unit is a capacity of 160 micromicrofarads.
The following devices will each be called one load unit:

(1) A program or digit cable—If the cable is only
three feet long, it will account for about 90 mmfd. The
balance is allowed for the portion of the circuits which
will be internal at the particular panel to which the
cable is connected.

(2) A tray and its short jumper for connecting the nex
tray. The tray accounts for about 120 mmifd. and the
balance easily accounts for the jumper.

The standard transmitters used on the regular program
and digit outputs (not certain multiplier and divider
outputs) are designed to transmit into a line containing
not more than 60 load units. Actually program trans-
mitters can transmit into as many as 120 load units with
the usual 2:1 safety factor. (The reason for this is the
difference in shape of the CPP as compared to the 10P.)

11.2. Deleters

A deflector is usually used to delete non-significant
figures, and is therefors used on the add or subtract out-
put digit terminnis. Various types of deleters and the
connections made in each are illustrated in FIGURE 74.
A deleter merely open-circuits the lines correspending to
unwanted digits. Note that when a deleter is used on the
output of an accunulator the significant fipure switch
should be set to the number of figures not deleted. In
this case, the subiract pulse well be sent out over the line
belonging to the significant figure furthest to the right,
next to the deleted digits. Thus, the subtract pulse is
not deleted.

11.3. Shifters

A shifier is used to shift the digit lincs 1o cither the
right or the left, and is placed on the input terminals of
an accumulator, Thus, a shifter is geierally used to
multiply by powers of 10.  An examgple of +2anda —2
shifter are given in FIGURE 75.

A+ shifter.—A shifter multiplies by positive integral
powers of ten. 1In the case of a 42 shifier (FIG. 75)
any pulses arriving over the units channel (terminal 1
of the socekt “S™) goes to terminal 3 (hundreds) of the
plug (P). The plug is inserted in the input digit terminzl
of the accumuiator. Note that terminzals 9 and 10 of {he
socket are not connected and that terminals 1 and 2 of
the plug are connected to ground. This grounding pre-
vents the grids of the coriesponding input gates front pick-
ing up any cross-talk or other noise.

A~ shifier—1he — shifter muitiplies by negative
integral powers of ten. In this case, the unused terminals
of the socket (see FIG. 73) are not connected but the
unused channels of the plug “P” must be fod with nine
puises in case of a negative number in order to give the
proper complement. Thus, if M99430 is mutiplicd by cne
tenth the result is M$99430. Thus, the PM line (terininal
11 on S) must be comnected to terminals 9, 10, and i1,
on P in the case of a —2 shifter. An adapier of this
type miust be used on the input to an accumulator since
otherwise the P transmitter would have to drive three
different digit lines instcad of just one digit line and three
grids of the input gates to the accumulator.

11.4. Puise Amplifier Unit
A pulsc amplifier unit consists of eleven standard trans-
mitters which interconnect to trunks. Since the buffer
unit transmits in only one direction, 1wo unils would be
ceded to completely interconnect two trunks. In count-
ing the load units on a particular digit trunk, for exampic
the input to the buffer unit counts as only one load unit
and since the buffer unit contains its own transmitters
none of the load units of the trunk transmiited into count
as being on the first trunk. Thus, these buffer units allow
the operator to practically double the number of units
which may be connected together via a digit trunk system.
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The buffer units are designed to sit on top of a group
of program or dizit trays. The units contain their own
transformers for supplying the heater voltages. The D.-C.
power and the A.-C. power for the heaters is furnished
by sockets located near the floor between accumulators
nine and ten and between accumulators fourteen and fif-

teen.

11.5. Static Cuipits
Each decade and PM unit of cvery accumuiator has @

¥
static output socket, accessible from the back. To avoid

capacity Joads on the countier circuits, a large resistance
is placed in series with cach static output line. The time

constant thus introduced into the static output circuits is
large enough so that one addition time must be allowed
for the cperation of other circuits from these outpuis.
Towever, because the system is a static one, there is no
cross-lalk problem, and unshielded wires can be used for
the static cables.

Static cables are used to interconnect units in the fol-
lowing cases:

(1) To connect the multiplier and multiplicand ac-
cumulators to the multiplier.

(2) To connect certain accumulators and perhaps cer-
tain decades of the master programmer to the printer.

(3) To connect the PM unit of thz numerator and de-
nominator accumulators to the divider.

11.6. Special Devices
11.6.1. Special Program Juinpers

As well as the regular program jumpers described in
Section 11.1.2 there are louded program jumpers and Y
progrant junmpers.

A loaded program jumper is to be used when connect-
ing one program output direcily to another program input.
The jumper is physically characterized by having an extra
long plug at on: end which contains the built-in load re-
sistor. Such a jumper must never be used in connection
with a program line which enters a tray system which has
its own load box.

A Y-program jumper is a jumper with three plugs
attached. Tt is used to connect two nearby program ter-
minals (input or oulput) to the same program line. Jt
has no built-in resistor so one connection nuest 5o L0 a
program tray system which has a load box.

11.6.2. Accunmulator Interconnection Cables

There are special interconnection cables and load boxes
for use with accumulators which determine whether they
act as ten digit accumulators or whether two accumulators
act as a twenty digit accumulator.
11.6.3. Multiplier Diterconnection Cables

The multiplicr interconnection cables fall into two
classifications.  First, those that connect the multiplier
to its associated accumulators, and secondly, those that
inferconnect the three multiplier panels. In the latter
classification, damage to circuit elements and short circuits
across the power supply may be caused by erroneously
piugging a cable into the wrong socket. This possibility
is avoided by removing prongs trom plugs, and filling cor-
responding socket holes (where not used) in such patterns
that erroneons connections are impossible.

Reference should be made to the following diagram:

Interconmection of High-speed Multiplier with

Associated Accumulators_ - FIGURE 43
11.6.4. Divider Intercoiection Cables and Adapters

Since the divider and square rooter sarves largely to pro-
gram its associated accumulators, those interconnections
which must be established between the two units men-
tioned for the purpose of communicating program instruc-
tions are made through cables as illusirated in FIGURE
47, which drawing makes further reference to special
cables and adapters used.
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11.6.5. Function Table Adapters
In order to disconnect the 9P gates {rom ihe synchroniz-
ing trunk line carrying thic 9P, and to connect these gates
to the line carrying the CPP in the same trunk, an adap-
ter is used. This adapter is connected witere the synchro-
nizing pulse trunk plugs into the back of panel No. 2
of the function table.

11.6.5. Other Adapters

The remaining adapters may ke classified as: (1) spe
digit adapters, (2) digit-program adapters, and (3) printer
adapters.

The first group consists of adapters which combinge shift-
ing and deleting characteristics and are made up in ob-
vious fashion in accordance with the combination dzsired.

The second group serves to make possible the use of
digit trays as program frays. Each adapter consists of a
box with a 12-prong digit plug at one end, connected 1o a
mounted group of 11, two-opening program sockets at
ilie other. These correspond to the 12-prong sockets in
the digit trays, and the two-prong plugs on program cables.

The third group consists of two adapters. Adapter A
connecis the static output of stage M (of the printer inter-
connection cable to accumulator or aster programmer
decade counter stages) to the PM lead in each of two static
output cables. Adapter B is wsed when no connection is
desires] to the PM lead in the static output cables.

By the use of the term “electronic” in such expressions
as “electronic means” and “electronic speeds” we intend
the ordinary meaning of (hese expressions as is now custo-
mary in the art, and particularly to differentiate our de-
vice from any devices which may employ or include me-
chanical elements for performing analogous functions.
This is considered to be in practice a difference in kind
rather than one of degree, since mechanical elements have
substantial inertia which reduces the order of attainable
spezeds or frequencies to a point thousands of times slower
than those attainable by electronic meaps. This differ-
ence, in practice, causes the problems involved to be so
distinct, and the skills required in their solution to be so
unrelated, that entirely different training and education
are involved in the two ficlds, as is common knowledge.

By the term “arithmetical operations” as used in the
following claims, we means the ordinary operations of
arithmetic including addition, subtraction, division, multi-
plication and the extraction of square roots.

We claim:

1. Means for producing electric pulses in scquence, elec-
tronic means for alternately transmitting certain ones of
said pulses as recurrent differentiated groups, clectronic
means for selecting particular pulses from one of said dif-
fcrentiated groups lo represent quantitative values, elec-
tronic means for selecting particular pulses from another
of said differentiated groups to represent certain qualita-
tive values, reading means responsive to pulses represent-
ing both the qualitative and guantitative values for read-
ing data to be processed upon command of at least one
of said qualitative pulses, storing the data thus read, and
making the data available in the form of data pulses in
response to at least one other of said qualitative pulses,
and electronic means for receiving said data pulses and
responsive thereto for performing electrical switching op-
erations of a nature determined by selected oncs of said
qualitative values and of a degree determined by selected
ones of said quantitative values.

2. The invention as recited in claim 1, in which the
first-named means produces a series of equally spaced
pulses; in which the first-named clectronic means divides
said scries of pulses into two differentiated groups with
at least one pulse recurring intermittently forming one
group, the other group comprising the intervening pulses;
and each of the third and fourth electronic means utiliz-
ing all of the pulscs of their respective groups to represent
certain values.

3. Means for producing clectric pulses in sequence, elec-
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tronic means for transmittirg certain of said pulses as re-
curreant differentiated groups, first means for selectively
producing particular pulses from said differentiated groups
to represent quantitative values, second means for select-
ing pulses from said differentizted groups as control pulses
to initiate certain control operations, a plurality of elec-
tronic means each arranged, upon stimulation, to perform
a particular maninulation upon quantitative values rep-
resented by certain of sail pulses, and a plurality of
pulse-controlled electronic switching means each asso-
ciated with a particular one of said manipulation-perform-
ing means for energization of same and arranged to be im-
mediately available for selective stimulation by any one
of said control pulses to initiate performance selectively of
any one of said manipulations.

4. The invention as recited in claim 3, including quan-
titative-pulse-responsive means for storing selected ones
of said quantitative values, and means responsive to said
control pulses for actuating said storage means.

5. The invention as recited in claim 4, including means
to control pulses for transmitting from any of said storage
means pulses corresponding to the stored quantitative
values.

6. The invention as recited in claim 5, including elec-
tronic switching means operable by said control pulses
for routing said transmitted quantitative values to any of
said manipulation-performing means.

7. Means for producing recurrent groups of coded
electric pulses which comprise a plurality of stages of
electronic flip-flop devices serially arranged as a stepping
device to be responsive to input puises to step said step-
ping device by actuating a successive stage for each re-
ceived pulse, means for deriving an electric pulse from
each said stage when it is actuated, said stages being
serially ring connected to form an endless chain for
cyclical operation, means for producing uniformly spaced
pulses, means for conducting said pulses to said stepping
device, a conductor, and means included in said first
named means for deriving a signal from each stage of said
stepping device when said stage changes its condition of
actuation, and responsive to said signals for selectively
controlling the electrical connection of particular ones of
said last-named pulses to said conductor to produce
cyclically recurrent groups of puilses coded in accordance
with said selection.

8. In an electronic computing system a multiplicity of
pulse responsive units constructed to receive numbers
pulses having numerical significance and to receive control
pulses having definite control characteristics, means to
transmit to said units control pulses and numbers pulses
in a correlated order including means to establish a
selective relation between certain control pulses and cer-
tain predetermined units, said units being constructed to
receive numeratively numbers pulses when stimulated by a
control pulse, certain of said units being constructed for
arithmetic operations and including means responsive to
terminal arithmetic operation therein to transmit a con-
trol pulse effective on predetermined units for intercom-
munication of numerical content between one and another
of said units.

9. An electronic computing machine comprising arith-
metic units of respective numerating functions, means to
transmit thereto numerical data and distinctly character-
ized control signals in puise signal form, said units being
constructed to receive such pulses, and being also re-
sponsive to individually characterized control signals to
perform respective arithmctic operations on numerical
data so transmitied thereto, means included in each said
unit to emit pulse signals significant of the numerical
result of respeciive arithmetic operations completed there-
in, and means included in each of certain at least of said
units responsive to completion of respective arithmetic
operations in said units to emit one at least of said con-
trol signals, characterized significantly in relation to the
integration of results from two or more said units.
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10. The machine of claim 9 wherein certain of said
control signals are characterized so as to stimulate selec-
tively certain of said umits in synchronism with a pre-
determined instant of time related to the arithmetic func-
tions of two or more of said certain units last named,
whereby the numerical result in one will be transmitted
to at least one other and the latter caused to integrate its
contained data and the communicated data.

11. The machine of claim & wherein said units are con-
structed to receive pulses of numerical significance only
when stimulated by a pulse specially characterized in re-
lation to such unit and its receptive function, and wherein
said units are constructed to emit signals significant of
arithmetical content only when stimulated, and means to
transmit puises coordinated temporally with at least two
of said units to stimulate such units coactively.

12. The structure of claim 8 in which the said means
to transmit said pulse signal forms includes means to gen-
erate within each of successive operation periods of ar-
bitrary duration, a frame of discrete pulses having a basic
pulse frequency which is submultiple of the duration of
the frame in transmission, including a succession of pulses
of numerical significance and control pulses differently
timed within said frame, said transmission means includ-
ing also coincidence devices in each of said units con-
structed to receive pulses of sail frame, whereby said co-
incidence device are partially stimulated by such received
pulses, and means to transmit control pulses selectively
in relation to said units timed selectively with respect to
certain pulses of numcrical significance in said frame to
cemplete the stimulation of respective coincidence devices,
said coincidence devices being responsive to such com-
pleted stimulation to emit a pulse to an internal element
of the respective unit for arithmetic operation of such
unit therewith.

13. The structure of claim & in which the said means to
transmit said pulse signal fornis includes means to gen-
erate within each of successive operation periods of ar-
bitrary duration a frame of discrete pulses having a basic
pulse frequency which is a submultiple of the duration
of the frame in transmission, including a succession of
puises of numerical significance and control pulses dif-
ferently timed within said frame, said transmission means
including also coincidence devices in each of said units
constructed to receive pulses of said frame, whereby said
concidence devices are partially stimulated by such re-
ceived pulses and means to transmit control pulses selec-
tively in relation to said units timed selectively with re-
spect to certain pulses of numerical significance in said
frame to complete the stimulation of respective coin-
cidence devices, said coincidence devices being responsive
to such completed stimulation to emit pulse to an internal
element of the respective unit for arithmetic operation
of such unit, therewith, said frame of pulses including
ten successive digit pulses for decimal digits and cipher,
each pulse being at a given part of a respective pulse
interval in said frame, and nine successive nines pulses in
the same intervals as the last named digit pulses but out
of phase therewith, and means to stimulate said units in
ceincidence alternatively with either the said digit pulses
and the nines pulses.

14. In a device of the character described, a cycling
device constructed to form and transmit intermittently a
frame of discrete pulse signals of respective significant
characteristics, a conductor means, a plurality of pulse re-
spensive devices capable of predetermined arithmetic
functions in response to predetermined ones of said pulse
signals communicated thereto, said pulse responsive de-
vices operatively associated with said conductor means in
controlled normally non-responsive relation to certain at
least of the pulses of said frame, said pulse responsive de-
vices constructed to respond selectively to control pulses
delivered thereto to function in accordance with particular
pulses of said frame of pulses, means to form and trans-
mit control pulses selectively to said pulse responsive de-
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vices at respective times particular to the occurrence of
predetermined pulses of said frame of pulses and in a
mutual relation coordinated with a dezired final output of
pulses appropriate to the mutual significance of some at
least of the pulse signals of said frame of pulses which
have been next last effective at said pulse responsive de-
vices.

15. The structure of claim 14 in an electronic computer
wherzin the said frame of pulses includes at least a num-
ber of pulzes of numerical significance, said control pulses
being selectively timed for each pulse responsive device to
coincide with pulses of predetermined digit value in said
frame, and said pulse responsive devices being constructed
to perform arithmetical functions in response to such co-
incident pulses of the frame.

16. The structure of claim 14 in an electronic computer
wherein the said frame of pulses includes at least a num-
ber of pulses of numerical significance, said control pulses
being selectively timed for each pulse respensive device
to coincide with pulses of predetermined digit value in
said frame, and said pulse responsive devices being con-
structed to perform arithmetical functions in response to
such ceincident pulses of the frame, and wherein pulses
in said frame other than those of numerical significance,
are characterized individually in respect to function times
of the apparatus, including control pulses.

17. The structure of claim 14 in an electronic computer
wherein the said frame of pulses includes at least a rum-
ber of pulses of numerical significance, said control pulses
being selectively timed for each pulse responsive device
to coincide with pulses of predetermined digit value in
said frame, and said pulse responsive devices being con-
structed to perform arithmetical functions in response to
such coincident pulses of the frame, and wherein pulses in
said frame other than those of numerical significance are
characterized individually in respect to the duration of
particular function operations of the apparatus, and in-
clude control pulses effective on other like apparatus and
also control pulses having special functional relation to
other apparatus effective when coincident with other con-
trol pulses of correlated limited characteristics.

18. The structure of claim 14 in an electronic computer,
wherein the said frame of pulses includes a series of pulses
serially transmitted at a standard pulse time, which is a
submultiple of the duration of transmission of said frame
of pulses, and pulses of other arithmetic significance in the
pulse times of said series on several respective conductors.

19. The structure of claim 14 in which certain of said
pulse responsive devices are assigned and constructed for
characteristic arithmetical functions associated respective-
ly with positive and minus values, and said control pulses
include positive and minus control pulses selectively re-
lated to units for said characteristic arithmetical functions.

20. In an electronic final signal system, a cycling device
constructed to form and emit discrete signal pulses of
respective significance, a bus conductor in conducting re-
lation to said cycling device to transmit said pulses, a
plurality of pulse operuted devices capable of receiving
and transmitting any of said pulses, arranged in receiv-
ing relation to said bus cenductor and normally in con-
trolled non-responsive relation to said pulses, said pulse
operated devices including means to respond to control
pulses selectively delivered to the pulse operated devices
to energize the latter to respond to selected related ones
of said signal pulses and to transmit a signal appropriate
to the significanice of the selected signal pulses and their
order, means to form and transmit to said pulse operated
devices contral pulses at times related with the occurrence
of said pulses and in a relation coordinated with a desired
sequence of operations thereby to effect said transmission.

21. The siructure of claim 20 ia which said signal
pulses comprise frames of pulses that include pulses of
numerical significance by their sequence in said frame as
transmitted, and other pulses of partial functional char-
acteristics similar to those of said control pulses, whereby
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to energize said pulse operated devices when related with
certain said control pulses firtt riamed.

272. In an electronic final significant group signal output
system, a pulse generating unit constructed to form and
transmit a complete frame of discrete signal pulses of re-
spective significance, a bus conductor in conducting rela-
tion to said pulse generating unit to transmit said pulses, a
plurality of pulse operated devices capable of receiving
and transmitting any of certain pulses of said frame of
pulses and arranged in receiving relation to said conductor
normally in controlled ron-transmitting condition in rela-
tion to said frame of pulses, said pulse operated devices
being responsive to distinct respective control pulses to
transmit pulses of said frame of pulses, and means to
form and transmit to said pulse operated devices selective-
ly respective control pulses at times selectively related to
the occurrence of said frame of pulses and in a mutual
alation coordinzted with a desired sequence of operations
and circuits associated with csaid means to transmit a final
signal group appropriate to the numeration significance
of all of the transmitted pulses of one or more of said
frames.

23. The structure of claim 22 wherein said frame of
pulses includes numerically significant pulses and func-
tionally significant control pulses, the last named having a
cooperative value in relation to certain signal pulses te
affect the nature of the operation of said pulse opevated
devices.

24. The structure of claim 22 wherein said frame of
pulses includes numerically significant pulses and func.
tionally significant control pulses constituting at least a
part of said means to form and transmit control pulses.

25. In an electronic computer, a muliiplier unit com-
prising a multiplication table conducter gridwork having
coupling resistances connecting  sclected intersections
thereof in a predetermined pattern, gates at the leads to
sective ones of those conductors which extend in one
direction in said gridwork responsive to ceinciding pulses,
means to transmit gate pulses ccmmenly to the gates to
partially stimulate all of said gates within a predetermined
time interval, gates at the leads o respective conductors
extending across the last named conductors responsive to
coinciding pulses, means to pulse the last named gales
simultancously to partially stimulate the same in the same
said time intervals as the first named pulses, and means
to transmit digits pulses of a multiplizr and a multiplicand
selectively to the first named &nd second named gafes
respectively in coineidence with the times of said partia
stimulations and of potential constituting the remainder
at least of the operating potentials respectively of the first
and second named gates.

26. An electronic computing system comprising in con-
binaticn a plurality of arithmetic uniis responasive to con-
trol pulsss entered therein to receive and opsratz com-
putaiively with coincident pulses of numerical significance,
means to establish routines of mathematical procedure
end numerical infermetion comprising constants of a
problem as pulse signals and to irausmit the same in a
sequence to said system as a whole problem, each of cer-
tain of said signals individuelly characterized in relation
to the part of a routine which a given part of the sysiem
is required to perferm amd each of other certain signals
being individually characterized in its functional effect in
the system in relation to a given numerical value, sai
system being constructed to transmit said data at elec-
tronic speeds to and betwecn one or more units of the
system in a predetermined order according to the charac-
terization of the pulses, to one or more of said units of
the system serially or simultaneously according to said
characterization of control pulses, and means to initiate a
sequence operation of the system responcive to said con-
trol pulses, including means to inaibit commuunication to
said units of any of said compositicn of pulses, vieldable
to coincidence of special controf pul relzted to the con-
dition of czeration of said system and units, and respon-
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sive selectively to an initial one of said special control
pulses, and to respective ones of said special control pulses,
said units being constriccted to emit certain at least of
said special control pulses cffcctive on otherwise uninhib-
ited units and to emit pulses of numerical value signifi-
cant of a content of the emiiting unit.

27. In an information processing system, a first infor-
mation accepting device having the property of perform-
ing a predeiermined ogeraticn on entries therein, a second
information accepting device having the property of per-
forming a predetermined operation on entries therein, a
third information accepting device having the property of
performing a predetermined operation on eniries therein,
an information exchange bus system, normally inoperable
innut and ouiput devices linking each of said information
accepting devices with said infarmation exchange bus sys-
tem, first and second control stimulus generators asscciated
respectively with said information accepting devices and
ing a contrel signal at the termination of the re-
spective operation performed by said information accept-
ing devices, an cperative connection linking the cutput of
said first contrel stimulus generator wiih the input de-
vice feeding szid second information acce ting device, an
operative connection linking the ouinut of said second
control stimulus geverator with the input device feeding
said third information accepting device, and apparatus
selectively conditioning said output devices for operation.

28. In an informstion processing system, a first infor-
mation accepting device haviag the property of perform-
ing a predetermined operation on enirics tierein, a second
information accepting device having the property of per-
forming a predetermined operaticn on eniries therein, a
third information accepting device having the property of
periorming a predetermined operation on entries therein,
an informaticn cxchange bus system, normally inoperable
input and cuisut devices linking cach of said information
accepting devices with sajd informaiion exchange bus sys-
tem, first and second control stimulus generators associ-
ated respectively with sald informaticn accepting devices
and supplying a contrel signal at the termination of the
respeciive operaiion performed by said infermation ac-
cepting devices, an operative connection linking the out-
put of said first control stimulus generater with the input
device feeding said second information accepting device,
an opcrative connection linking the cutput of said second
control stimulus generater with the input device feeding
said third information accenting device, recycling appara-
tus in one of said information accepting devices respon-
sive to conirol signal input thereto for repaating said pre-
determined operation, and apparatus selectively condition-
ing said output devices for operation.

29. In a date processor adanted for ilerative operation
in ths solution of problems, a first re-eatrant information
data processing loop characterized by the performance of
a plurality of modifications on information appearing in
coded pulse form passing therethrough during each pas-
sage in an iterative operation, a second open infoermation
path, apsaratus comparing information circulating in said
first loop with reference data, and an information flow
governing device transferring the contents of said Icop
into said second path and interrupting the flow of infor-
mation arcund said first loop under the control of said
compering apparatus to thereby terminate said iterative
opcration.

30. In apparatus for storing and repreducing numbers,
a counting register, a signal transfer link conditioned for
transmission by passage of said counting register through
a predetermined state, a source of continuously repeated
pulse groups separated by more than two pulse times,
a gate adapted to deliver a single pulse group to said
counting register, a connection between said source and
saidl signal transfer link, and an output memebr excite:d
from said signal transfer link.

31. In apparatus for storing and reproducing num-
bers, a counting register, a signal transfer link condi-
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tioned against transmission by passage of said counting
rcgister through a predetermined state, a source of con-
tinuously repeated pulse groups separated by more ihan
two pulse times, a gate adapted to deliver a single pulse
group to said counting regisier, a connection between sajd
source and said signal transfer link, and an output mem-
ber excited from said signal transfer link.

32. In computing apparatus, a first number storage
register, a seccond number storage register, a function
table representing partial product values in a predeter-
mined number system, apparatus impressing the contents
of said first and second storage registers on said func-
tion table, means for combining the resultant partial
products, and means for adding a term controlled by the
contents of one of said registers (o such combined partial
products.

33. In computing apparatus, a first number register,
a second number register, a cycling unit developing con-
trol pulses devoted to the exeriion of control functjons.
a third number register, information interchange appa-
ratus linking said first, second and third number regis-
ters, said contirol pulses acting on said information inter-
change apparatus initially to effect a one of addition and
subtraction operations sclectively of the number in said
first register with the number in said sccond re
and enter tallies in said third reigster, and sign sensing
apparatus responsive to the sign of the remainder for
altering the information interchange apparatus to effect
the other one of the addiiion and subtraction operations
in response to overdraft.

34. In information processing apparatus, a first in-
formation processing device, a second information proc-
essing device, a first control device associated with said
first information processing device and initiating opera-
tion thereof in response to an input stimulus and emii-
ting a first output stimulus in response to completion of
the operation of said first infermation processing device,
and a second control device associated with said sccond
informaiion processing device and initiating operation
thereof in response (o a stimuius from the output of said
first control device and emiiting a sccond output stimulus
in response to completion of the operation of said sce-
ond information processing device.

35. In a data processing system, a first information
enfry receiving device, a second information entry re-
ceiving device, apparatus mutually responsive 10 said
entries and proceeding progressively through character
eatries, and control apparatus interrupting the operation
of said mutually responsive apparatus when an adiust-
able number of characters have been accommodated.

36. In data handling apparatus, a plurality of iaforia-
tion receiving and delivering devices, an information
interchange network linking said information receiving
devices, a signal network delivering a predetermined pat-
tern of control and information irapulses to said informa-
tion interchange network, and apparatus for marnually
controlling the advance of said signal network through
said impulse pattern.

37. In data handling apparatus, a plurality of informa-
tion receiving and delivering devices, an information in-
terchange network linking said information receiving de-
vices, a signhal network delivering a predetermined pat-
tern of control and information impulses to said in-
formation interchange network, a first continuous signal
source governing said signal network, and a second non-
continuous signal source alternatively governing said sig-
nal network.

38. In signal responsive apparatus; a first signal con-
trolled combination of electric circuits sequentially pass-
ing through a plurality of mutually distinct and exclusive
states in response to the application of signals therclo,
a second signal controlled combination of electric cir-
cuits sequentially passing through a plurality of mutually
distinct and exclusive states in response to the application
of signals thereto, an electric network characterized by
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a plurality of mutually exclusive states of electric equilib-
rium, a first circuit controlied by said first signal con-
trolled combination for placing said electric network in
a predetermined one of said states of electric equilibrium,
a first control bus, a gate jointly conirolled by said elec-
tric network and signals existing on said first control
bus connected in operating relationship with said szcond
signal controlied combination of electric circuits, and an
electric circuit delivering stimuli to said electric network
capable of transferring said network from said one pre-
determined state of electric equilibrium to another pre-
determined state of eleciric equilibrium.

39. In data processing apparatus; a first network in-
cluding a plurality of electric circuits passing through a
plurality of distinct mutually exclusive states of electrical
equilibrium in response to the application of signal pulses
thereto, a sccond electric netwerk having at least two
different states of electrical equilibrium and normally in
one of suid states, and an electric circuit transferring said
secend network from said one of sail states to the other
of said states in respensz 1o the establishment of predeter-
mined conditions in said first electric network, and data
transmission means controlled by said second electronic
network.

40. A multiphase gencrator comprising a source of
recurring equally-spaced pulses, a pulse generator having
a plurality of outputs, means utilizing said spaced pulses
for operating said pulse gencrator to develop sequential
trigger pulses at said outputs, a plurality of square wave
generators arranged to remain in one or the other of two
conditions, one square wave generator being provided
for each phase to be generated, certain of said outputs
being connected to trigger sequentially said square wave
generators to said one condition, and means utilizing
certain of said outputs for scquentially triggering said
square wave generators in the same order to said other
condition.

41. A multiphase generator comprising a source of
recurring equally-spaced pulses, a pulse generator having
a plurality of output terminals, means utilizing said
spaced pulses for operating said pulse generator to de-
velop sequential trigger pulses at said terminals, a
plurality of square wave generators arranged to remain
in one or the other of two conditions in the absence of
a trigger potential, the number of square wave generators
being determined by the number of phases to be gener-
ated, certain of said terminals being connected to conduct
pulses to trigger sequentially said square wave generators
to said one condition, and means utilizing certain of said
terminals for conducting pulses to trigger sequentially
said square wave generators in the same order to said
other condition.

42. In a device of the character described, an elec-
tronic accurnulator, electronic carry means for each order
of said accumulator, means adjustable to produce true
or complement entry into said accumulator, means con-
trolled by carry from the highest order of said accumu-
lator and means responsive to a complement adjustment
of said entry means to control said last-named means to
produce an indication of the true or complement nature
of a quantity in sail accumulator.

43. An clectronic multiplier wherein a multiplicand
and a multiplier are entered into pulse responsive devices
and the product of said multiplicand and multiplier is
indicated by a pulse responsive result register; a pulse
source, having a plurality of outputs that respectively
emit different numbers of pulses during any given multi-
plication, for providing pulses to effect multiplication of
a multiplicand by the respective digits of the multiplier;
gate circuit means respectively and independently inter-
connecting said source and said result register and said
source and said muliiplicand receiving device to effect
pulse entry into said result register; and sequencer circuit
means electronically coupled to said multiplier receiving
device for rendering, conjointly with said multiplicand
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receiving device, said resnective
responsive to pulses fros
the order of the multiplicy
next to be multiplied.

44. Tn an electronic multiplier having a multiplicand
receiving device for receiving a multiplicand, a multi-
plier receiving device for receiving a muliiplier and an
arithmetic device having a plurality of orders for mani-
festing the product of szid mulliplicand and multiplier in
response to pulses; a carry circuit for effecting pulse
carry from a first order to a second order and including
a carry (rigger circuit having two stable conditions alter-
nately assumed and set to a one of said stable conditions;
a sonrce of pulses; a buffer circuit connected between
said carry frigger circuit and saidl second order and non-
responsive to said carry trigger circuit when it is set to
caid one condition; and a logical “and” pate having its
output connected to said carry trigger circuit and respon-
sive to pulses from said sourcs to switch said carry
trigger to its other stable condition to render said buffer
circuit responsive fo effect carry to said second order.

45, An electronic multiplier whersin each digit of a
multiplier causes separate multiplication of a multiplicand
and the product of that multiplication is entered directly
into a device for indicating the product of said multi-
plicand and muliiplier including a source of pulses, a
cyclically operable muliiplicand receiving device sieppable
in response to successive pulses through ihe different
digit positions of the numerical system ernployed and cap-
able of manifesting each digit of a multiplicand entered
therein when stepped through the correspending posi-
tions, first gate circuit means cennected between said
source and said muttiplicand receiving device, a device
for indicating the summation of pulses transferred there-
to, second gate circuit means connected between said
summation indicating device and said source, and con-
nections joining said muliiplicand receiving device and
said second gate circuit means for permitiing the trans-
fer of pulses from said source to said device in response
to a manifestation of each digit of said multiplicand.

46. An elecironic calculator comprising a source of
pulses including means for producing a plurality of pulse
trains, a register, means for performing a given mathemat-
ical operation in response to two preselected numbers
and entering the result thercof in said register in direct
response to said source of pulses that respectively have
different numbers of pulses during the mathematical
operation, coincidence clectronic circuits connected be-
tween said first-named means and said register for render-
ing said pulse trains selectively effective to actuate said
register to enter said resuit, and electronic circuit means
responsive to said source of pulses for rendering said
coincidence circuits effective.

47. A read-out system for a multi-decade counter hav-
ing an input circuit and an output circuit for each decade
thereof, said read-out system comprising the combination
of means for applying ten impulses to said input circuits,
a multi-denominational read-out device operable to regis-
ter amounts according to the complements of amounts en-
tered thercinto, control devices for the various denomina-
tions of said read-out device, and means for operatively
connecting said output circuits to respective ones of said
control devices.

48. A read-out system for a multi-decade counter, each
decade having N stable counting states, said read-out sys-
tem comprising the combination of means for applying a
number of impulses to each of said counter decades equal
to N, a multi-denominational read-out device having a
registering element in cach denomination thereof, said
registering element being adapted to have a count pro-
aressively advanced therein to register amounts of pro-
gressively varying values, actuating devices for advancing
the count in respactive ones of said registering elcments
in synchronism with said frst mentioned means, control
devices for respective ones of said registering elements,
and means controlled by each of said decades upon regis-
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tering a total of N stable counting states for actuating
respective ones of said conirsl devices.

49. A read-out system for a maulti-decade counter hav-
ing an output circuit and an input circuit for each decade
thereof, said read-out system comprising the combination
of means for applying ten impulses to said input circuits,
a multi-denominational read-out device having a register-
ing clement in each denomination thereof, said register-
ing element being adapted fo have a count progressively
advanced therein to register amounts of progressively
varying vaiues, means for advancing the count in said
iering elements in synchronism with said first men-
ned means, control devices for respective ones of said
registering elements, and means for operatively connect-
ing said output circuits to respective ones of said control
devices.

50. In a data processor, a program device for effecting
a scquence of operations for said data processor, a con-
trel register respensive to clectrical signals for condition-
ing said program device in accordance with the content
of seid r or to eflzct a coriesponding set of opera-
tionis for said data processor, a counter respensive to elec-
trical signzls, a circuit for advancing said counter upon
operations by said data processor, means responsive to
said counter {or changing the content of said register to
cficct a sequence of operaticns for said data processor,
and a circuit for altering the content of said register to
modify said sequence of operations for said data proces-
sor.

51. In a data processor, a program device for eflecting
a sequence of operations for szid data processor, a con-
trol register responsive to clectrical signals (or cendition-
ing said progrem device in accordance with the content of
sald register to effzct corresponding operations for said
data processsr, a storage device having a plurality of se-
lectable ions, each posiilon adapted to store any one
of a plurality of valucs, a circuit for seiecting one of said
positiens wihen an operation is performed by said data
piocesser, means respoasive to each sclected position of
said sterage device for changing the content of said regis-
ter to effect a sequence of operations for said data proces-
sor, and a circuit for modifving the confent of said regis-
ter to modify sald scquence of operations for said data
Processor.

52. In a data processor, a program device for effect-
sequence of operations for said data processor, a
{ register responsive to pulses for conditioning said
v devics ct said sequence of operations, a
rcuic for incrementally changing the conient of said
register upon the performance of operations by said data
processer, and a second circuit for altering the content of
said register, said program device responding to an altera-
tion of the content of said register for varving the se-
guence of opsrations effected in sald data processor.

53. In a data precessor, a program device for effecting
o sequence of operations for said data processor, a con-
troi register responsive to electrical signals for condition-
ing said program device in accordance with the content
of said register to effect operations for said data proces-
sor, a counter responsive to electrical signals, a circuit
for advancing said counter upon the performance of oper-
ations by said data processor, and means responsive to an
intermediate count of said counfer for altering the con-
tent of said register,

54. In a data processor, a program device for effecting
a seruence of operations for said data processor, a stepper
responsive to electrical signals for conditioning said pro-
4] device to effect said operations, a first circuit for
edvancing sald stepper upon the performance of opera-
inns by said data processor, and a second circuit for
smilting a value to said stepper for altering the set-
1z of suid stepper, said program device responding to
an alteration of the setting of said stepper for varying the
seguence of operations effecied in said data processor.

55. In a data processor, a program device for effecting
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a sequence of operations for said data processor, a counter
responsive to electrical signazis coupled to said program
device, a first circuit for advancing said counter upon
the performance of each operation by said data processor,
and a second circuit for transmitting a signal representing
a value to said counter for altering the content of said
counter, said program device responding to said counter
for varying the sequence of operations of said data proces-
sor in response to an alteration of the content of said
counter,

56. In combination with a data processing system, a
program device comprising storage means having a plu-
rality of selectable value-storage positions, a register for
registering a value, means for entering a value into said

icr, means responsive to the value in said register for
selecting a corresponding one of said plurality of se-
lectable storage positions, and means responsive to the
value stored in the selected position of said storage means
to program the operation of the data processing system.

57. Apparatus according to claim 56 wherein further
means are provided for incrementally altering the con-
tent of said register.

58. In a data processor, a program device having a
plurality of output lines for effecting a sequence of sets
of operations for said data processor, a first register for
exercising a first control of said program device, a second
register for exercising a second control of said program
device jointly with said first register, means for sequen-
tially altering the content of said registers according to a
plan to effect one sequence of operations in said data
processor, and means for sclectively modifying the con-
tent of one of said registers to modify said sequence of
operations.

59. Iit combination, a controller for operating a data
processing device {o perform data processing operations,
said controller inciuding first means having a plurality of
output lines for trapsmitting program signals to said data
processing device, second means coupled to said first
means for supplyving pulses to said first means, a counter
circuit coupled to supply signals to said first means for
selecting given output lines of said first means, said first
means responding to signals from said counter circuit
and pulses from said second means to distribute pulses
on selected output lines of said first means for operating
said data processing device, and pulse responsive means
for selectively altering the content of said counter circuit.

60. The apparatus of claim 59 wherein said first means
includes a plurality of logical “and” circuits connected to
said output lines and said logical “and” circuits are con-
ditioned by signals from said counter circuit to pass
pulses from said second means.

61. A data processing system comprising a plurality of
component parts each capable of operating independently
of the others and each adapted to perform an operation,
an individual control unit for each said component part,
a programmer including a register for storing a value
therein, means responsive to the content of said register
for initiating operation of a corresponding one of said
control units, means for supplying signals to said pro-
Zrammer to incrementally alter the value in said register,
and a circuit for introducing a new value into said register.

62. The apparatus of claim 61 including means in at
least one of said component parts for supplying a signal
to said circuit.

63. In combination, a data processor capable of per-
forming a plurality of different operations, apparatus for
repetitively performing an operation a selected number of
times comprising, a first register, means coupled to said
first register for setting said first register to represent a
first given number, a second register settable to a second
given number, a circuit for supplying signals to said data
processor for performing said operation, means for chang-
ing the first given number in said first register when said
operation is performed, and a circuit coupled to said first
and second registers for manifesting a signal upon a pre-
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determined relation being established between the num-
ber represented in said first rcgister and the number
represented in said second register to indicate the per-
formance of said operation the selected number of times.

64. In a data handling device capable of performing a
plurality of different operations, apparatus for perform-
ing a selected number of operations comprising, a counter,
means coupled to said counter for setting said counter
to represent a first given number, a register settable to a
second given number, means for supplying stepping sig-
nals to said counter and output signals to said data han-
dling device for performing a selected number of opera-
tions, and means coupled to said register and said counter
for manifesting a signal upon an equality between the
number represented in said counter and the number
represented in said register to indicate the performance
of the selected number of operations.

65. In an electronic data processing system, a matrix
comprising a plurality of matrix information positions,
a register adapted to receive pulise signals, input gating
means coupling said register to said matrix to select an
information position in said matrix, output coincidence
gating means coupled to said matrix and having at least
two inputs, said output gating means being arranged to
have the energization state of a first input thereof con-
trolled by the selected matrix information position, and
pulse means conpled to a second input of said output gat-
ing means for controlling the encrgization state of said
second input, said output gating means being operative to
transmit a signal when said first and second inputs there-
of are at given energization states respectively.

66. In an electronic data processing system, memory
means having both data and program information stored
therein, a single register for receiving and storing infor-
mation signals, and signal responsive gating means cou-
pling said register to said memory means for producing
signals indicative of either data or program information
from said memory means in dependence upon the in-
formational content of the signals stored in said register.

67. In a data processing machine, memory means hav-
ing both data items and program items stored therein,
said memory means having a plurality of logical “and’
circuits associated respectively with said stored items,
pulse responsive register means for receiving addresses
to enable selected ones of said “and” circuits thereby to
read out selected items stored in the memory means, and
output means for transmitting each selected item from
said memory means.

68. In a data processing system, memory matrix means
for storing a plurality of data items, said matrix means
having input lines and output lines, an input register, pulse
responsive means for selectively storing information sig-
nals in said register related to at least one of said stored
data items, means for producing control pulses, means
responsive to at lecast one of said control pulses and fur-
ther responsive to the information signals stored in said
register for energizing at least one of said input lines to
select at least one of said stored data items, and output
means for transmitting said sclected data items via at
least one of said outprt lines.

69. In a data processing system, memory means stor-
ing a plurality of data items, register means, means for
selectively feeding input signals to said register means,
signal modifier means coupled to said register means for
altering signals in said register means in a succession of
steps, and control means coupling said register means to
said memory means and responsive to the successively
changing contents of said register means for transmitting
signals corresponding to a succession of said stored data
items out of said memory mesans.

70. In a data processing system, static memory means
storing a plurality of data items, pulse responsive means
for receiving an argument and thereafter selecting a data
item corresponding to the argument received and there-
after altering said selection in a succession of steps, and
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means responsive to the successively changing selection of
said data items for transmitting signals corresponding
to the selected data ilems out of said memory means.

71. In a control systen1, a register having first and sec-
ond groups of stages, input means for selectively storing
signals in selected stages of said first and second groups
of stages, a gating matrix comprising a plurality of gating
means each of which has at least first and second control
lines, coupling means for coupling said first group of
register stages to selected ones of said first control lines
respectively and coupling said second group of register
stages to selected ones of said second control lines respec-
tively, said coupling means being normally inoperative
to feed signals from at lcast one register stage group to
its associated gating control lines, and signal control means
coupled to said normally incperative coupling means for
selectively rendering said coupling means operative,
whereby to transmit signals from said register stages to
said gating centrcl lines thereby to open selected ones
of said gating means in accordance with the signal con-
tents of said register stage groups.

72. Means for producing electric pulses to represent
items of quantitative informstion, means for producing
further pulses to represent items of control information,
memory means having items of information stored there-
in, register mcans, first control means responsive to said
quantitative information pulses for storing data in said
register means, second control means jointly responsive
to said control information pulses and to the data stored
in said register means for sclecting a particular one of the
items of information stored in said memory means, and
output means responsive to said selected item of informa-
tion for producing a pulse output characteristic of said
selected item,

73. In a control system, first signal means having an
output, second signal means having an input, selectively
enabled transmission means for transferring signals from
the output of said first means to the input of said second
means, a flip flop having set and reset inputs, said flip flop
having an output adapted to enable said transmission
means upcen occurrence of a control signal at said flip
flop set input, a source of spaced control pulses, normal-
ly disabled gating means coupling said control pulse
source to the reset input of said flip flop, means coupling
s:eid_ flip flop output to said gating mcans to enable said
gating means along with said transmission means upon
occurrence of a control signal at said flip flop set input,
and means for selectively applying a control signal to
said flip flop set input thereby to enable said transmission
and gating micans for a limited period of time automatical-
Iy terminating when the next subsequently occurring one
of said control pulses resets said flip flop.

74. A device having a plurality of static storage loca-
tions, a transmission system fed by said storage locations;
control means, including an address register means set-
table to selected addresses by numerically coded signals,
for supplying signals to said storage locations to select
among such siorage locations, in accordance with the
numerical content of said address register, a one of said
storage locations for reading the data stored in the se-
lected storage location out to said transmission system;
and an arithmetic device for supplying numerically coded
signals to said address register to set said address register
for selecting a one of said storage locations.

75. A device having a plurality of storage locations,
a transmission system coupled to said device, control
means including an address register for supplying informa-
tional signals to said device and being operative to sclect
among such storage locations, in accordance with the
informational conient of said address register, at least one
of said storage locations for reading the data stored in
the selectzd storage lecation out to said transmission sys-
tem, said conirol means including circuils for sclectively
modifying by a chosen amount the informational content
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of said address register thereby to selectively read data
from different ones of said storage locations.

76. A device having a plurality of storage locations,
control means including an address register for supplying
signals to said device and operative to select among such
storage locations, in accordance with the numerical con-
tent of said address register, a one of said storage loca-
tions for reading out a predetermined portion of the data
stored in the selected storage location, means coupling
said device to said address register, input means for sup-
plying numerically coded signals to said address register
to set said address register for selecting a one of said
storage locations, and an arithmetic device for providing
numerically coded signals to said input means.

77. A device having a plurality of memory storage
locations, a transmission system coupled to said memory
storage locations, control means having an address register
for supplying signals to said memory storage locations to
select among such memory storage locations, in accord-
ance with the numerical content of said address register, a
one of said memory storage locations for reading the da_ta
stored in the selected memory storage location out to said
transmission system, said control means including a pro-
gram ring, and a device settable to a numeric value for
reading data out of the selected memory storage Iocation
to said transmission system until a predetermined rela-
tionship exists between said program ring and said set-
table device.

78. A dita handling device including storage means
having a plurality of storage devices, each storage device
including means for storing data therein, addressing
means coupled to said storage means for extracting data
stored therein, first input means for supplying address
signals to said addressing means, and second input means
coupled to the addressing means for supplying signals
to modify selectively the address so as to read sequentiaily
from selected storage devices in the storage means.

79. In a data processing system, memory means hav-
ing at least first and second portions, said first memory
means portion having data stored therein characteristic
of predetermined functions respectively of a first plurality
of possible arguments, and said second memory means
portion having control information stored therein char-
acteristic of predetermined program operations respsc-
tively to be initiated by a second plurality of possible argu-
ments, a pulse responsive argument register for receiving
and storing an argument, and pulse responsive galing
means coupling said register to both of said memory
means portions for producing an output signal from a se-
lected one or the other of said memory means portions
in dependance upon whether the argument stored in said
register is one of said first or of said second plurality of
possible arguments.

80. In a data processor, a storage device for storing
and making readily available any one of a plurality of
values stored therein comprising, a settable element for
each value to be stored, means for setting said elements
to store a plurality of values, electrica] circuits for unigue-
ly associating each of said values with a tag value, a tag
register for receiving and registering sets of coded tag
signals, a source of coded tag signals, means for trans-
mitting sets of coded tag signals to said tag register, cir-
cuits responsive to said tag register for reading the value
associated with the registered tag from said storage de-
vice during a time interval wholly independent of the
value of said registered tag, and means for incrementally
altering a tag value transmitted to said tag register.

81. A data input device to be used with a data proc-
essing system which employs a data bearing medium,
comprising reading means for reading data from a data
bearing medium, encoding means including a plurality of
elements each of which has a weighted value for a par-
ticular code and at least two of which have different
weighted values, control means connecting said reading
means to said encoding means to activate one or more of
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said elements in response to a signal from said data bear-
ing medium thereby encoding the data from said data
bearing medium into said particular code, szid encoding
means including means for converting its output into
pulses conforming to said code, and data processing
means for receiving said pulses and performing a data
processing operation thereon.

82. In a data processing system, the combination of
reading means to accept data to be processed, intermedi-
ate storage means coupled to said reading means to re-
ceive data therefrom and temporarily store said data in
ihe form of electrical signals according to data segments
wherein each data segment has the same number of order
positions, pulse generating means connected to said inter-
mediate storage means to generate one or miore pulses in
response to data segments stored therein, the pulse or
pulses generated in response to each segment being repre-
sentative of a numerical value of the segment, and data
processing means for receiving said pulses and perform-
ing a data processing operation thereon.

83, In a data processing system, the combination of
reading means to accept data for processing, temporary
storage means connected to said reading means to receive
at speeds below electronic speeds and temporarily store
data in the form of electrical signals from said reading
means as well as to read-out the stored data in pulse form
at electronic speeds, pulse responsive data processing
means connected to said temporary storage means to re-
ceive data in pulse form therefrom at electronic speeds
and to process such data at electronic speeds, further tem-
porary storage means for receiving the processed data
at electronic speeds from the pulse responsive data proc-
essing means, and output means for receiving the stored
data in said further temporary storage means and produc-
ing an indication of the result of the processing operation
at speeds below electronic speeds.

84. A data processing system as defined in claim 83
having a plurality of reading means together with a plu-
rality of said first-named temporary storage means, pulse
operated selection means for selecting among said first-
named temporary storage means, and program means for
the system for providing program pulses to the various
parts of the system in a desired sequence.

85. A data output device to be used with a data proc-
essing system, comprising recording means for recording
data on a data bearing medium at speeds below electronic
speeds, signal generating mieans to process data at elec-
tronic speeds, transfer means coupling said signal generat-
ing means to said recording means to enable only certain
of said data signals to pass to said recording means, con-
trol means coupled to said transfer means to selectively
activate said transfer means, said control ineans being
connected to receive output signals from said data proc-
essing system, and inter-locking means coupled to said
contro] means to enable said output signals to be received
by said control means only after said recording means has
recorded the data which had been previously held by
said transfer means.

86. In a data processing system, a data input device
comprising means for reading data from a data bearing
medium; means for temporarily storing said data for use
by said data processing system in data processing cpera-
tions, logical “and” circuits coupled to said temporary
storing means and responsive to control pulses supplied
by said data processing system for selectively transmitting
said temporarily stored data to said data processing system
in pulse form, first signal generating means responsive
to operation of said reading means for generating a signal
indicating that data has been read from said data bear-
ing medium; said data processing system including second
signal generating means for generating a signal which
indicates that a given data processing operation has been
terminated; and control means coupled to toth said first
and second signal generating means and jointly responsive
to occurrence of signals from both said first and second
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signal generating means for enabling a further operation
in said data processing system.

87. A data processing system comprising a first data
retention device adapted to transmit signals at a first
rate, a second data retention device adapted to receive
signals in pulse form at a second rate, said second rate
being substantially higher than said first rate, an inter-
mediate storage device coupling said first data reteation
device to said second data retention device including
means for converting the data into pulse form, transfer
and control means operably associated with said inter-
mediate storage device for rendering said intermediate
storage device receptive to receive signals from said first
data retention device at said first rate and to transmit
said received signals to said second data retention device
at said second substantially higher rate, and data process-
ing means for receiving said pulses and performing a
data processing operation thereon.

88. In a data processing machine, a pulse responsive
central processor operating under control of a first timer
at a first rate, a peripheral data handler operating under
control of a second timer at a second rate, storage means
for temporarily storing data, means under control of said
first timer for transferring data between said storage
means and said central processor at said first rate, and
means under control of said second timer for transferring
data between said storage means and said peripheral data
handler at said second rate, whereby said central processor
and said petipheral data handler are made compatible,
said storage means and central processor each including
means to effect transfers therebetween in pulse form.

89. A data processing machine comprising, memory
means for storing data to be processed, reading means
for reading said data from said memory means and for
converting the data into pulse form, a multiplicity of in-
terconnected pulse responsive processing units for pro-
ducing output pulses representative of the results of a
processing operation, at least one of said units being con-
nected to said reading means to receive the pulses emitted
by the reading means, and printing means connected to
at least one of said units for printing the results of said
processing operation.

90. Apparatus comprising pulse responsive storage
means having a plurality of orders for storing received
pulses and including output means for transmitting the
contents of said storage means; at least two groups of
input means, each of said groups coupled to said storage
means for the transfer of pulses thereto; an information
signal producing unit for each of at least two of said
groups of input means, each of said units adapted to emit
pulses in response to a signal; means for and operatively
associated with each of said groups to selectively activate
one of said groups including signal responsive control
means to enable a selected one of said groups of input
means; and sequencing means adapted to provide a
signal to a selected one of said control means and to the
selected one of said units associated with the selected
control means to effect the transfer of pulses to said
storag: means in accordance with a desired routine and
thereafter to provide a finish signal when said transfer
has been effected.

91. In a computer, pulse responsive means for solving
arithmetic problems at electronic speeds and having a
plurality of inputs each for respectively receiving pulses
representing numbers, said inputs having logical “and”
circnits for controlling entry thereto of pulses from a
plurality of different sources, and pulse operated program
mezns for selectively operating said logical “and” cir-
cuits to enable reception on the diffcrent inputs from
said different sources respectively.

92. A computation control circuit comprising means
for producing pulses at a radio frequency rate to repre-
sent quantitative data, means for producing control pulses,
computation means for selectively performing an arith-
metic operation in a sequence of steps, means for feeding
said quantitative data pulses to said computation means,
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and means responsive to said control pulses for con-
trolling the step sequence of said arithmetic operation
performance.

93. In a data processing system, first and second
memories each including plural orders, data transfer
means for interrogating the first memory with pulses
and transmitting its contents in pulse form to the second
memory, said data transfer means including means for
effecting a multiplicity of transfers from the first to the
second memory, and counter means for counting the
data transfers effected by said data transfer means and
for terminating the transfer operations,

94, In a data handling system, utilization means, a
plurality of data sources, signal transfer means linking
said sources to said utilization means, a selector means
for rendering a preselected one of said sources effective
to transfer data to said utilization means, a counter means
for counting the number of data tramsfers from said
selected source to said utilization means, and a control
circuit operatively coupled to said counter means and
further coupled to said selector means to terminate trans-
fers from said selected source after a predetermined num-
ber of such transfers and to switch a different one of
said sources to said utilization means.

95. A data handling system as defined in claim 94
in which said utilization means comprises two separate
memories, each data source feeding a separate one of
said memories.

96. In a multipurpose computer, a multiplicity of pulse
responsive units each having an input and an output, at
least one unit including means for performing an arith-
metic computation on two pulse signals received at a
radio frequency rate at its input, said unit including
means operative to develop pulse signals at a radio
frequency rate at its output to represent the computed
result; a source of input data including means for re-
producing the input data in the form of pulse signals
at a radio frequency rate, program means for routing the
pulse signals from said source and from the output of
at least one of said units to the inputs of the units in a
selected order to cause a sequence to be selected for a
particular problem, and output means responsive to the
camputed result.

97. An assemblage comprising an arithmetic device re-
sponsive to a data read-in signal for receiving arithmetical
data manifestations and responsive to a read-out signal
for reading out a computed result manifestation, cycling
means for sequencing the arithmetic device through an
operation and circuits producing a complete signal at the
end of the operation, a plurality of registers comprising
numerical data manifestation storage means responsive
to an input signal for receiving data manifestations, means
connecting 2 selected one of szid registers to said arithmet-
ic device for the transfer of data manifestations to said
arithmetic device, means conecting said arithmetic device
to a selected one of said registers for transfer of data
manifestations to said selected one of said registers, se-
lectively conditioned control means including a first circuit
to produce said read-in signal to transfer data manifes-
tations from a selected one of said registers to the
arithmetic device and a second circuit responsive to said
complete signal to produce said read-out and input signals
to transfer the computed result from the arithmetic device
to a selected one of said registers, both of said first and
and second circuiis responsive to said cycling means, and
automatic sequencing means including a source of pro-
gram pulses conditioning said assemblage.

93. An electronic multiplier wherein a multiplicand
and a multiplier are eatered into pulse responsive devices
and the product of said muitiplicand and multiplier is in-
dicated by a pulse responsive result register; a pulse
source, having a plurality of outputs that respectively emit
different numbers of pulses during any given muitiplica-
tion, for providing pulses to effect multiplication of a
multiplicand by the respective digits of the multiplier;
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gate circuit means respectively and independently inter-
connecting said source and said result register and said
source and said multiplicand receiving device to effect
pulse entry into said result register; and sequencer circuit
means electronically coupled to said multiplier receiving
device for rendering, conjointly with said multiplicand re-
ceiving device, said respective gate circuit means respon-
sive to pulses from said source in accordance with the
order of the multiplier by which the multiplicand is next
to be multiplied.

99. In a computing apparatus, pulse operated comput-
ing means including first and second pulse operated regi-
sters in which answers to computations performed by
said means are temporarily stored, a multiplier matrix
producing partial product values in a predetermined num.-
ber system, apparatus impressing the contents of said first
and second storage registers on said multiplier matrix,
and means for combining the resultant partial products.

100. A data processing machine comprising first and
second means for manipulating two number quantities
for division of one as a numerator and the other as a
denominator, each number having a plurality of orders,
and program means for controlling the production of a
quotient of said two quantities, said programming means
including means for subtracting the denominator value
from the numerator value until an overdraft occurs, sign
indicating means for producing a sign signal indicative of
the sign of the remainder, means responsive to said sign
signal for shifting the remainder and denominator relative
to each other so that the denominator is less than the
remainder, means for adding the shifted remainder and
denominator until a second change in sign of the result
occurs to produce a sign signal responsive to the change
in sign of the remainder, means activated by said signal
for again shifting the remainder and denominator relative-
ly so that the denominator is again the smaller and sub-
tracting it from the remainder, and means for signalling
the number of times each addition and subtraction js per-
formed.

101. A data processing system comprising, a data proc-
essing device for calculating first and second arithmetic
functions each in successive steps of operation on data
signals to provide result signals which are the combina-
tion of partial result signals of the steps of operation, a
controller for said device for causing the device to alter
the partial result signal by a first constant value signal when
in a first state for calculating said first arithmetic function
and a second constant value signal when in a second
state for calculating said second arithmetic function )
that result signals have a different arithmetic relationship
to the data signals which is dependent upon the constant
value signals, and means for selectively setting said con-
troller to a selected one of the states.

102. A data processing system comprising, a data proc-
essing device, including program means for stepping said
device through a series of operations, an external source
of control signals, said data processing device having in-
terlock means coupling said source and said device for re-
ceiving said control signals and being responsive thereto
for enabling said device to effect a particular operation,
and means for selectively disabling said interlock means
preventing interruption of said series of operations of sajd
device,

103. A data processing system comprising, a problem-
solving device for performing a series of problem-salv-
ing steps according to a predetermined plan, including in-
terlock means for selectively interrupting said plan at a
predetermined step, means for manifesting a control
signal, means supplying said control signal to said inter-
lock means, said interlock means being responsive to said
control signal for conditioning said device to resume said
plan and selectively operable means for enabling the op-
eration of said device according to the plan without in-
terruption by said interlock means.

104. A data processing system comprising: a processing

[>]

10

25

30

35

40

45

60

b5

60

65

70

75

226

device including program means for operating said proc-
essing device according to a predetermined plan, status
means indicating a predetermined state of said program
means, means providing a control signal, interlock means
for receiving and manifesting said control signal when
selected and responsive jointly to said status means when
indicating a predetermined state and to said manifested
control signal to control a change in the state of said
program means, and settable means for selecting said
interlock means. .

105. Data processing apparatus comprising means pro-
viding a first program signal, means providing a second
program signal, means for storing said first and second
program signals, selectively operable priority circuit means
for providing, when operated, a control signal when condi-
tioned by said means storing first and second program sig-
nals, and when not operated, providing a control signal ir-
respective of said conditioning, and settable means for op-
erating said priority circuit means.

106. A system including at least first and second data
processing devices comprising means providing a first pro-
gram signal from said first device, means providing a
second program signal indicative of an interruption at a
predetermined step in a routine of operations of said sec-
ond data processing device, means for storing said first
and second program signals, selectively operable priority
circuit means for providing a control signal when condi-
tioned by said means storing first and second program
signals and when not operated providing a control signal
irrespective of the conditioning, means providing said
control signal to said second data processing device to
resume said routine of operations, and means for oper-
ating said priority circuit.

107. A circuit for generating proceed signals between
operating data processing devices, a control bistable de-
vice, a first data processing device having means for set-
ting said bistable device to one state to indicate that said
first data processing device has produced a first control
signal, means for manifesting a second control signal in-
dicative that another data processing device has com-
pleted a predetermined portion of a sequence of opera-
tions, means selectively responsive to said bistable device
in said one state and said means manifesting a second
control signal to set said bistable device to the other state
and generate a proceed signal, and means for conditioning
the last-mentioned means to provide the proceed signal
irrespective of the second control signal being manifested.

108. A data processing system comprising a plurality of
data processing devices, circuits for interconnecting said
devices according to a program plan for exchanging pro-
gram control pulses, means in one of said devices for
selectively disabling the device in solving a particular prob-
lem beyond a predetermined problem solution state or
permitting the device to proceed beyond said state, means
in another of said devices for manifesting a control signal,
and means included in said circuits for transmitting said
manifested control signal to said one of said devices to
enable said one of said devices to proceed after having
been disabled.

109. In combination, first and second pulse responsive
storage means for storing manifestations of data, a plural-
ity of gating means having one input thereto connected
to said first storage means and a second input thereto
connected to said second storage means, means connect-
ing the outputs of said gating means together such that a
first program signal is produced when the data in said
first storage means is similar in some characteristic to the
data in said second storage means and for producing a
second program signal when the data in said first and
second storage meeans is dissimilar in said characteristic,
and a control circuit responsive to said first program sig-
nal for initiating one type of arithmetic process and re-
sponsive to said second program signal for initiating an-
other type of arithmetic process.

110. In a data processing system a sequence control
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comprising a bistable device set in a first stafe, gating
means coupled to said bistable device and conditioned
thereby to emit control pulses to perform a sequence of
operations, counting means coupled to said gating means
for receiving pulses indicative that a predetermined oper-
ation has been performed and manifesting an indication
thereof, settable means manifesting an indication of a
desired number of operations to be performed, means
coupled to said counting means and to said settable means
and responsive thereto to detect a predetermined condi-
tion between said manifestations, and means responsive to
a detection of said condition for changing the state of
said bistable device from said first state to an other state
to terminate the sequence of operations and begin a se-
quence of operations other than said first sequence.

111. In computing apparatus, a plurality of pulse-oper-
ated registers, pulse operated computing means including
first and second ones of said registers in which answers to
two different computations performed by said means are
temporarily stored, pulse operated dividing means for
dividing the value in the first register by the value in the
second register including means for storing the quotient
in one of said plurality of registers, and means for trans-
mitting the contents of said last-named register out in
pulse form for further computation.

112. In combination, a data processor comprising a
plurality of component parts, a source of recurrent timing
signals, a bi-stable circuit settable to either a first or a
second condition and having input and output terminals,
a coincidence circuit having at least first and second input
terminals and an output terminal, a circuit for coupling
said first input terminal to said source of recurrent tim-
ing signals, a circuit for coupling said second input termi-
nal to the output terminal of said bi-stable circuit to con-
dition said coincidence circuit to pass a signal from said
source to the output of said coincidence circuit when said
bi-stable circuit is set to said first condition, a circuit
for coupling the output terminal of said coincidence cir-
cuit to an input terminal of said bi-stable circuit to set
said bi-stable circuit to said second condition, a circuit
for coupling the output terminal of said coincidence cir-
cuit to said plurality of component parts to advance said
data processor through a predetermined number of steps
for each timing signal appearing on the output of said
coincidence circuit, and means for setting said bi-stable
circuit to said first condition.

113. Apparatus according to claim 112 wherein said
last-named means comprises manually operable means to
produce a signal for setting said bi-stable circuit to said
first condition.

114. Apparatus according to claim 112 wherein said
last-named means comprises means in one of said com-
ponent parts for transmitting a signal to set said bi-stable
circuit in said first condition.

115. In combination, a data processor comprising a
plurality of component parts, a source of recurrent tim-
ing pulses, first means for transmitting timing pulses from
said source to said plurality of component parts to ad-
vance said data processor through a series of operations,
means for disabling said first transmitting means, and
manually operable second means for transmitting only a
predetermined number of said timing pulses to said
plurality of component parts upon operation of said sec-
ond means.

116. In a data processing system, data processing
means having a data input and data output and controlled
by timing pulses, and means for supplying the timing
pulses continuously for normal operation and including
means to selectively provide either a first predetermined
or a second predetermined number of pulses for test pur-
poses.

117. In a data processor having a plurality of com-
ponent parts and means for providing groups of pulses
and feeding at least some of these pulses to said com-
ponent parts to pace said component parts through their
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respective operations, first means operable to enable said
providing means to automatically provide a plurality of
said groups in succession for normal data processing
operations, and second means operable to enable said pro-
viding means to provide only a predetermined number of
said pulses from a single group for test purposes.

118. In a data processor having a plurality of com-
ponent parts and means for providing groups of timing
pulses for said component parts to pace said component
parts through their respective operations under control
of selectively applied control signals wherein said timing
pulses are arranged in groups comprised of signals having
respective significance in said data processor, means oper-
able to enable said providing means to automatically pro-
vide a plurality of said groups in succession for normal
data processing operations, and manually operable means
for selectively enabling said providing means to provide
a single group or a single pulse of a group upon the
operation of said manually operable means.

119. In a data processor having a plurality of com-
ponent parts, a source of recurrent timing pulses, a dis-
tributor for arranging said pulses in groups and for dis-
tributing certain of said pulses to certain of said com-
ponent parts, and manually operable means for trans-
mitting a single pulse to said distributor.

120. In a data processor having a plurality of com-
ponent parts, a source of recurrent pulses, a distributor
for arranging said pulses in groups and for distributing
certain of said pulses to certain of said component parts,
a first circuit for transmitting pulses from said source to
said distributor to automatically pace said data processor
through successive operations, means for disabling said
first circuit, manually operable means, and a second cit-
cuit responsive to the operation of said manually oper-
able means for transmitting a predetermined number
only of said pulses to said distributor.

121. In a data processor, a plurality of component
parts, a source of recurrent timing pulses, a distributor
for arranging said pulses in groups comprised of pulses
having respective significance in said data processor and
for distributing certain of said pulses to certain of said
component parts, a first circuit for transmitting pulses
from said source to said distributor to automatically pace
said data processor through successive operations, means
for disabling said first circuit, manually operable means,
and second circuit means responsive to the operation of
said manually operable means for selectively transmitting
either a single pulse or a predetermined plurality of pulses
to said distributor.

122. A data processing system having a plurality of
component parts intercoupled to perform given manip-
ulations on data signals comprising, means for providing
pulse signals in sequence and in definitive groups, means
selecting certain of said pulses and distributing said pulses
among at least some of said component parts for causing
the latter to perform said manipulations in a series of
operations, means providing data signals to said com-
ponent parts to be operated, means aperably associated
with at least some of said component parts to indicate the
condition of portions thereof, and means for sequencing
said parts in incrementals steps to greatly increase the
time intervals between certain steps for test purposes.

123. In combination, a data processor comprising a
plurality of bi-stable circuit elements, a power supply
therefor, a signal generator coupled to said power supply
and responding thereto when the same is brought into
operation to generate a signal, and means feeding said
signal to said plurality of bi-stable circuit elements to
preset said elements to a reference condition.

124. In a data processor, a storage means for storing
digital information, an arithmetic circuit means, a pro-
gramming means for controlling the transfer of informa-
tion signals between said storage means and said arith-
metic means, at least one of said means including a plural-
ity of bi-stable circuit elements, a clearing signal gen-
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erator for generating a signal of fixed duration upon
actuation, a manually operable switching means for ac-
tuating said clearing signal generator, and means for feed-
ing said clearing signal to said bi-stable circuit elements
to preset said elements to a reference condition.

125. In a data processor, a storage means for storing
values, an arithmetic circuit means, a programming
means for controlling the transfer of informatian signals
between said storage means and said arithmetic means,
said programming means including, a recurrent pulse
source, a pulse distributor network having a plurality of
output terminals coupled thereto and having a cycle of
operation which comprises a plurality of steps, means
coupling said pulse source to said distributor to advance
said distributor through its steps of operation one step
for each pulse applied from said source, each of said out-
put terminals being adapted to be energized in response
to a different step of the distributor operation, a gate
control circuit comprising at least one bi-stable circuit
the inputs to which are coupled to different outputs from
said distributor whereby said bi-stable circuit can be set
from one distributor output and reset from a second dis-
tributor cutput, and an ocutput terminal coupled to said
bi-stable circuit operative to provide a control signal for
the data processor when said bi-stable circuit is in a
particular one of the two possible conditions.

126. In a data processor, a storage means for storing
values, an arithmetic circuit means, a programiming means
coupled to said storage means for controlling the transfer
of value signals between said storage mecans and said
arithmetic means, said programming means including, a
recurrent pulse source, a pulse distributor network hav-
ing a plurality of output terminals coupled thereto and
having a cycle of operation which comprises a plurality
of steps, means coupling said pulse source to said distribu-
tor to advance said distributor through its steps of opera-
tion one step for each pulse from said source, cach of
said output terminals being adapted to be encrgized in
response to a different step of the distributor operation,
a digit generator coupled to at least one output from
the said distributor for generating a predetermined value
representing signal, and means in said data processor for
utilizing said value representing signal during the opera-
tion of the data processor.

127. In a data processor, storage means for storing
values, arithmetic circuit means, programming means
coupled to said storage means for controliing the transfer
of information signals between said storage means and
said arithmetic means, said programming means includ-
ing, a recurrent pulse source, a plurality of bi-stable
elements connected in cascade to form a multi-stage shift
circuit, said shift circuit being arranged to support a
predetermined signal condition in only one stage at a
time, said shift circuit further including a shift line to
which an output from said source is applied for succes-
sively shifting said predetermined signal condition down
the shift circuit one stage at a time in response to each
successive pulse from said source, a plurality of coin-
cidence circuits, each including at least two input termi-
nals and one output terminal, means connecting a first
terminal of each of said coincidence circuits to an output
from said source, means connecting a sccond input ter-
minal of said coincidence circuits to different stages in
said shift circuit whereby sach of said coincidence cir-
cuits passes a pulse from said source to its output ter-
minal whenever the corresponding stage of the shift
circuit is set to said predetermined signal condition, means
combining the outputs of selected coincidence circuits
onto a first signal output line to produce a selected pulse
pattern, and means in said data processor for utilizing
said pulse pattern during the operation of the data proc-
essor.

128. In a data processor, a source of recurrent pulses,
a pulse distributor nctwork having a plurality of output
terminals coupled thereto and having a cycle of opera-
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tion which comprises a plurality of steps, means for ap-
plying pulses from said pulse source to said distributor
to advance said distributor through its steps of operation
cne step for each pulse applied from said source, each
of said output terminals adapted for energization in re-
sponse to a different step of the distributor operation, a
mixer having a piurality of inputs each coupled to a
particular group of different successive outputs from said
distributor, an output for said mixer for manifesting the
signals applied to said mixer from said distributor, and
meaits in said data processor for utilizing the signals
maniiested at said output of said mixer.

129. In a data processing system, electrical data proc-
essing means having an input for receiving information
to be processed, said electrical data processing means being
responsive to discrete signals meeting a predetermined
standard required for reliable operation, which standard
includes the requirement that individual signals be shorter
in time than a predetermined limit, a source of informa-
tion in the form of discrete signals to be processed by
said electrical data processing means, a transmission link
coupling said source to said data processing means, and
means for shaping the signals received at said input from
said link to conform to said standard prior to further use
in data processing operations.

130. In a data processing machine, pulse responsive
computing means comprising plural elements each settable
to either of two stable states in response to applied pulses,
said computing means having a construction requiring
that actuating pulses applied thereto meet a predetermined
standard in order to insure reliability of the computation,
means for producing pulses for setting said elements in-
cluding an electrical transmission circuit having constants
that may distort the pulses to a shape outside of said
predetermined standard, and means in said electrical trans-
mission circuit for shaping the pulses therein to mest said
standard.

131. Apparatus according to claim 8 wherein said
means to establish a selective relation includes manually
operable switching means.

132, Apparatus according to claim 8 wherein said
means to establish a selective relation includes manually
settable plug wires for establishing certain desired con-
nections between units.

133. Apparatus according to claim 8 wherein said
means to establish a selective relation inctudes pulse op-
erated means for automatically establishing the selective
relation.

134. Apparatus according to claim 8 wherein said
means to transmit a control pulse is effective on said
predetermined units through a direct connection thereto.

135. Apparatus according to claim 8 including a pro-
gram device and wherein said means to transmit a control
pulse is effective on said predetermined units through
the medium of said program device responding to said
control pulse to in turn control said intercommunication.

136. Apparatus according to claim 8 wherein said
pulse responsive units employ vacuum tubes to generate
and respond to pulses for performing the computing
operations.

137. Apparatus according to claim 8 wherein the con-
struction to receive numeratively numbers pulses is that
particular construction to receive numeratively in the scale
of ten.

138. Apparatus according to claim 8 wherein the con-
struction to receive numeratively numbers pulses is that
particular construction to receive numeratively in which
each step of the numeration includes the reception of a
separate value.

139. Apparatus according to claim 8 wherein the con-
struction o receive numeratively numbers pulses is that
particular construction to receive numeratively in which
each step of the numeration includes the reception of a
separate value represented by a number of pulses cor-
responding to the value received in a given order.
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140. Apparatus according to claim 8 wherein the con-
struction to receive numeratively numbers pulses is that
particular construction to receive numeratively in which
the numeration is the reception of at least two separate
numbers constituting different orders of the complete num-
bers.

141. In a data processing system, a multiplicity of pulse
responsive units constructed to transmit pulses represent-
ing numbers upon stimulation by one control pulse and
to receive pulses representing numbers upon stimulation
by another control pulse, and means o transmit to said
units control pulses and numbers pulses in a correlated
order including programming means for establishing a
selective relation between certain control pulses and cer-
tain predetermined units, said units being so constructed
that transmission of pulses between units according to a
program of said programming means performs arithmetic
operations, said programming means including means res-
ponsive to the completion of an arithmetic operation so
performed to transmit a control pulse effective on pre-
determined units for intercommunication of pulses rep-
resenting numbers between one an another of said units.

142. Timing mechanism for a data processing machine
comprising a source of equally spaced signals occurring
at a predetermined repetition rate and each having a pre-
determined accurately determined duration, a stepping cir-
cuit having a plurality of stages and adapted to be stepped
through said plurality of stages in a predetermined pat-
tern, means for applying said signals to said stepping cir-
cuit to step said stepping circuit, a coincidence circuit hav-
ing first and second inputs and an output, means con-
necting one of said stages to said first input, and means
connecting said source to said second input thereby to
manifest signals of said accurately determined duration
at a frequency bearing a relation to said predetermined
Tepetition rate as determined by said stepper.

143. Apparatus according to claim 37 wherein said
interchange network includes a bi-stable device associated
with each of said information recciving and delivering
devices.

144, Apparatus according to claim 37 wherein said
second non-continuous signal source selectively conditions
said bi-stable devices to bring into operation the selected
one of said information receiving and delivering devices.

145. In a program-controlled data processing system,
means for performing a data processing operation in ac-
cordance with a sequence of program steps, data storage
means, means for reading data from said data storage
means, first signal gencrating means coupled to said read-
ing means for selectively generating and maintaining a
persistent first control signal indicating that data has becn
read from said data storage means; second signal gen-
erating means selectively generating and maintaining a
persistent second control signal which indicates that a
program step has been completed by said first-named
means; control means coupled to both said first and second
signal generating means and responsive to occurrence of
both said first and second control signals for generating a
third control signal operative to initiate a further program
step, and means coupled to said first and second signal

* penerating means for terminating both said first and sec-
ond persistent control signals in response to the genera-
tion of said third control signal.
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146. In an clectronic computer, means for producing
intermittent frames of pulses, pulse responsive arithmetic
means timed by said pulses and operative to perform a
plurality of sub-problems at least one during a definite
number of frames and another during an indefinite num-
ber of frames, said arithmetic means including means to
produce a control pulse that signals the completion of
each sub-problem, and program means responsive to said
control pulses to join said sub-problems together into a
main routine.

147, In a data processing system, a plurality of data
sources each adapted to deliver data for use in said sys-
tem, a bi-stable device associated with each of said
sources, signal responsive means for setting said bi-stable
devices to a first state, means responsive to each said
bi-stable device when set in said first state for operating
its associated data source to deliver data to said system,
means for setting each Distable device set to said first
state 10 a second state upon completion of operation of its
associated source, and program means for selectively
supplying signals to said signal responsive means.

148. A data storage system for a data processing ma-
chine comprising pulsc generating means for generating
pulses to coordinate the operation of said machine, a
plurality of settable clements, means for setting said ele-
ments into patierns to thercby siore data, a transmission
line for transmitting certain of said pulses to said elements,
said plurality of settable elements including means con-
tralled jointly by said certain pulses and the settings of
said clements to manifest signals indicative of the data
stored, a bi-stable device connected to receive said signals
and responsive thereto to change its stable state in ac-
cordance with said signals, and a gate controlled by said
bi-stable device for selectively transmitting other of said
pulses for processing by said machine.

References Cited in the file of this patent
UNITED STATES PATENTS

2,090,103 Bryce oo Aug. 17, 1937
2,217,196 Bryce et al. oo~ Oct. 10, 1940
2,384,379 Ingram — e Sept. 4, 1945
2,402,988 Dickinson - oo July 2, 1946
2,411,714 De ROSA - o Nov. 11, 1946
2,426,454 JohnSon - - oo Aug. 26, 1947
2,428,811 Rajchman ___ - Oct. 14, 1947
2,429,228 Herbst — oo Oct’ 21, 1947
2,442,428 MUumma e June 1, 1948
2,473,444 Rajchman June 14, 1949
2,502,360 Williams - oo Mar. 28, 1950
2,624,507 Phelps — o= Yan. 6, 1953
FOREIGN PATENTS

600,896 Great Britain oo __— Apr. 21, 1948

609,502 Great Britain - Oct. 1, 1948

616,962 Great Britain —————c————_ Jan. 28, 1949

OTHER REFERENCES

Four-Channel Electronic Switch, Moerman, Electronics
April 1946, pages 150-153.

A Manual of Operation for the Automatic Sequence
Controlled Calculator. Harvard University Press, Cam-
bridge, Massachusetts, 1946.



