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This invention relates to high speed data storage and
processing systems and particularly to stored program
type data processing machines. This application is a
continuation-in-part of our application Serial No. 398,-
922, filed December 18, 1953, now abandoned.

A frequently used system of classifying high speed
digital data storage and processing machines is accord-
ing to the type of programming used. A stored program
type machine is one in which the sequence of steps of
data processing or the sequences of functions of the ma-
chine is under the control of instructions contained in
some type of storage device or devices within the ma-
chine. Heretofore machines of this type have been built
having high programming capacity, high storage capacity,
and a high degree of flexibility. These machines have
been large in size and expensive in cost thus making
them impractical for many applications.

The solution of many problems on smaller and less
expensive machines has not been practical in the past
because of the complexity of the problem. Some of these
problems have been solved by multiple passes through
the smaller machines, some by involved rearrangements
of the data, and others by special setup of the machine
requiring extensive time.

It is a prime object of this invention to provide a ma-
chine having large memory capacity, high reliability,
ease of operation, and high programming capacity, while
being compact in design and moderate in cost.

" Another object of this invention is to provide new and
improved methods of operation and apparatus for such
a machine.

A further object is to provide an improved data proc-
essing machine adaptable to both scientific and account-
ing applications.

A still further object is to provide a data processing
machine of improved efficiency in performing arithmetic
and logical operations,

Another object is to provide an improved data proc-
essing machine capable of performing arithmetic opera-
tions on instructions as well as data.

Still another object is to provide an improved data
processing machine capable of altering the sequence of
operations as the program continues.

Still another object is to provide an improved stored
program type data processing machine in which program
data may be stored in any memory location.

Still another object is to provide a simplified stored
program type data processing machine of high flexibility.

Still another object is to provide an improved method
and apparatus for searching a table in a data processing
machine.

Still another object is to provide a data processing ma-
chine of improved flexibility in handling tabular data,

Still another object is to provide a simplified stored
program type data processing machine capable of han-
dling a multiplicity of tables during the course of a cal-
culation.
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A further object is to provide an improved method
and apparatus for magnetic drum track selection,

An additional object is to provide a data processing
machine with an improved method and apparatus for
address selection.

Still another object is to provide a data processing
machine with improved flexibility in entering tabular in-
formation into a sequential calculation.

Another object is to provide an improved stored pro-
gram type data processing machine wherein a program
sequence may be eltered by any of a number of condi-
tions within the machine.

Another object is to provide an improved stored pro-
gram type data processing machine wherein a bi-stable
circuit alternately enables a pair of data transmission
channels and signals from an arithmetic unit may con-
trol said bi-stable circuit,

Another object is to provide an improved stored pro-
gram type data processing machine wherein a bi-stable
circuit alternately enables a pair of data transmission
channels and a test of a condition within said machine
may control said bi-stable circuit.

Another object is to provide an improved stored pro-
gram type data processing machine wherein programming
is simplified.

Another object is to provide an improved stored pro-
gram type data processing machine capable of detecting
the omission of a program instruction,

Another object is to provide an improved stored pro-
gram type data processing machine wherein the machine
is stopped by the omission of a program instruction.

Another object {s to provide an improved stored pro-
gram type data processing machine wherein the machine
may be stopped at any predetermined point in the pro-
gram sequence.

Another object is to provide a data processing ma-
chine of improved ability to detect errors.

Another object is to provide an improved stored pro-
gram type data processing machine wherein the detec-
tion of an error causes the program sequence to be in-
terrupted.

Another object is to provide an improved stored pro-
gram type data processing machine wherein the detec-
tion of an error causes a different program sequence to
be initiated.

Another object is to provide an improved stored pro-
gram type data processing machine wherein the detec-
tion of an error causes the machine to repeat a portion
of the program sequence.

Another object Is to provide a stored program type
data processing machine of improved ability to check the
validity of a transmitted code combination.

Another object is to provide an improved stored pro-
gram type datn processing machine wherein a “self-
checking” code is employed to check the validity of an-
other code combination.

Another object is to provide an improved stored pro-

gram type data processing machine wherein a branching -

operation may be initiated upon the occurrence of a
specified condition within the machine.

Another object is to provide an improved stored pro-
gram type data processing machine wherein any of a
number of conditions within the machine may stop the
sequence of progiam steps.

Another object is to provide an improved stored pro-
gram type data processing machine wherein any of a num-
ber of conditions within the machine may cause the
machine to repeat a predetermined group of program
steps.

Another object is to provide an improved stored pro-
gram type data processing machine wherein a single
group of progrsm steps may be progressed through at
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each of a plurality of points in a sequence of other
rogram steps.
P ngther object is to provide an improv_od stored pro-
gram type data processing machine wherein a condition
within the machine may alter a sequence of program
steps to include a group of other program steps.

Another object is to provide an improved stored pro-
gram type data processing machine wherein a test of the
arithmetic unjt determines a comparison between two
numbers.

Another object is to provide an improved stored pro-
gram type data processing machine where.in an_adde_r
serves conjointly as a component of the arithmetic unit
and as a comparator.

Another object is to provide an improved stored pro-
gram type data processing machine wherein the operation
determined by one program step may be executed simul-
taneously with a portion of the operation determined by
the preceding program step.

Another object is to provide an improved stored pro-
gram type data processing machine wherein a plprality of
operations may be simultaneously performed without the
possibility of interference between the plurality of
operations.

Another object is to provide an improved stored pro-
gram type data processing machine under control of a
program control register wherein the program register
may serve as the source of one of two numbers to be
added and as the sum register.

Another object is to provide an improved stored pro-
gram type data processing machine capable of searching
a stored table in which the arguments and functions are
stored together.

Another object is to provide an improved stored pro-
gram type data processing machine capable of searching
a stored table of words of data in which a word is made
up of an argument and its function or functions.

Another object is to provide an improved stored pro-
gram type data processing machine wherein a first con-
trol register determines the function of a second control
register.

Another object is to provide an improved stored pro-
gram type data processing machine wherein an operation
code control register determines whether a data code
control register selects an address or controls an arith-
metic operation.

Another object is to provide an improved stored pro-
gram type data processing machine wherein an operation
code control register determines whether a data code
control register selects an address or controls the number
of shifts to be performed.

Another object is to provide an improved stored pro-
gram type data processing machine wherein data to be
operated upon and program instructions are alternately
selected.

Another object is to provide an improved stored pro-
gram type data processing machine wherein a bi-stable
circuit determines whether data to be operated upon or
a program instruction is selected.

Another object is to provide an improved stored pro-
gram type data processing machine wherein a bi-stable
circuit controls the progression of data selection and
signals from an arithmetic unit control said bi-stable
cirenit.

Another object is to provide an improved stored pro-
gram type data processing machine wherein a bi-stable
circuit alternately enables a pair of data transmission
channels.

According to the embodiment of the invention dis-
closed herein a data processing machine is provided with
a magnetic drum for storing a large quantity of data as
magnetized spots on its surface. A program storage
device is provided for storing a single program step or
word. The program word is divided into three portions;
an address portion for instructing the machine where
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4
data to be processed is located in storage, an operation

portion for instructing the machine what operation or
process the machine is to perform with the data found
at the address of the address portion, and an instruction
portion for instructing the machine where the next pro-
gram step is located in storage. An address register and
an operation register are provided for receiving the ad-
dress portion and the operation portion respectively from
the program storage device. Switching circuitry is pro-
vided under the control of the address register for select-
ing any storage position on the drum or any other storage
device in the machine in accordance with the value stored
in the address register. Switching circuitry is also pro-
vided under the control of the operation register for de-
termining the operation the machine is to perform on
the data found at a selected address position. After an
address is selected and the data found at the address is
operated upon by the machine the instruction portion of
the program value is entered into the address register
from program storage to replace the value previously
in the register. A new program step located at the ad-
dress in storage corresponding to the instruction portion
of the program step in the address register is selected
and transferred into the program storage device to re-
place the value previously stored therein. Alternatively
a test may be made by the machine, and if a predeter-
mined condition is found to exist, the address portion of
a program step may be caused to remain in the address
register and the next program step selected in accordance
therewith and entered into the program storage device.
Large numbers of program values and large amounts of
other data may be stored on the magnetic drum. Thus,
the sequence of the above-outlined procedure may auto-
matically continue for a large number of program steps.

An accumulator, an adder, and a distributor are also
provided in the machine as well as circuitry for intro-
ducing machine developed values into the adder.

The machine is capable of searching a table stored on
the magnetic drum. This is accomplished by entering
a program step having a table look-up code as the opera-
tion portion into the program storage device. The ad-
dress portion of the program step is entered into the
address register to select the address of the first argument
of the table and the operation portion is entered into the
operation register to instruct the machine to continue to
search the table until an argument is found in the table
equal to or higher than an argument stored in the dis-
tributor. Successive arguments of the table are selected
and added to the complement of the argument in the
distributor. If no argument equal to or higher than the
argument in the distributor is found in the first track of
the drum searched, the program step from the program
storage device is entered into the adder and a machine
developed value is added to the address portion to make
the address portion correspond to the first address of
the next track on the drum. The output of the adder
is then entered into the program storage device and the
new address portion is entered into the address register
to replace the data previously stored therein. Successive
arguments of the table continue to be added to the com-
plement of the argument standing in the distributor until
an equal or higher is found. Upon locating an equal or
higher the program step from the program storage de-
vice may again be brought into the adder where the
address portion has a value added thereto to make the
address portion correspond to the address of the first
argument found having a value equal to or higher than
the value of the argument in the distributor. The new
address portion is then entered into the accumulator where
it is arranged with an instruction portion and an opera-
tion portion to give a new program step. This new pro-
gram step may be transferred to any storage position in
the machine. The functions of the arguments of the table
may be stored on the drum at address positions removed
from the address positions of the corresponding argu-
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ments by a constant number of address positions. This
constant is added to the address portion of the new pro-
gram step to give the address of the desired function of
the argument.

Other objects of the invention will be pointed out in
the following description and claims and illustrated in
the accompanying drawings, which disclose, by way of
examples, the principle of the invention and the best
mode, which has been contemplated, of applying that
principle.

In the drawings:

Fig. 1 is a general diagram of a stored program type
data processing machine embodying the principles of the
invention,

Fig. 2 shows how the ten decimal digits are repre-
sented in the bi-quinary code.

Fig. 3 shows how the ten decimal digits are repre-
sented in the two-out-of-five code.

Fig. 4 illustrates how the drum is arranged in sectors,
words, digits and pulse times,

Fig. 5 illustrates the arrangement of timing tracks,
buffer storages and address positions of general storage
on the drum.

Figs. 6a and 6b, taken together as shown in Fig. 10,
show the drum address arrangement.

Fig. 7 illustrates the components of a word of program
instruction data.

Fig. 8 is a functional diagram of the control com-
mutator.

Fig. 9 is a sequence chart for a shift right 3 operation.

Fig. 12 is a timing chart for adder operation left shift.

Figs. 13 through 52a show, schematically, the details
of the basic circuit units of which the machine is com-
prised and the block symbols used to represent these
basic units.

Figs. 53a through 53f, taken together as shown in
Fig. 88, comprise the circuits for developing the drum
pulses and the write sample pulse.

Figs. 54a through 54f, taken together as shown in
Fig. 89, comprise the circuits for developing the developed
pulses and special word gates.

Figs. 55a through 55f, taken together as shown in
Fig. 90, comprise the circuits for developing the special
digit gates.

Figs. 56a and 56b, taken together as shown in Fig. 91,
comprise the circuits for developing the sector gates.

Figs. 57a through 57c¢, taken together as shown in
Fig. 92, comprise the circuits for developing the word
gates.

Figs. 58a through 58c, taken together as shown in
Fig. 93, comprise the circuits for developing the digit
gates.

Figs. 594 through 590, taken together as shown in
Fig. 94, comprise the circuits of the read-write matrix.

Fig. 60 is a timing chart for the distributor.

Figs. 6la through 61/, taken together as shown in
Fig. 95, comprise the circuits of the distributor.

Figs. 62a through 62/, taken together as shown in
Fig. 96, comprise the circuits of the program step register.

Fig. 63 is a timing chart for the program step register.

Figs. 64a through 64j, taken together as shown in
Fig. 97, comprise the circuits of the accumulator.

Fig. 65 is a timing chart for the accumulator.

Figs. 66a through 66d, taken together as shown in
Fig. 98, comprise the circuits of the adder entry A.

Figs. 67a through 67g, taken together as shown in
Fig. 99, comprise the circuits of the adder entry B.

Figs. 68a through 68/, taken together as shown in
Fig. 100, comprise the circuits of the adder.

Figs. 69a through 69¢, taken together as shown in
Fig. 101, comprise the circuits of the operation code
register.

Fig. 70 is a timing chart for a right shift operation.

Figs. 71a through 71J, taken together as shown in
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Fig. 102, comprise the circuits of the address register
and dynamic selection.

Figs. 72a through 72¢, takcn together as shown in Fig.
103, comprise the circunits of the translators.

Figs. 73a and 73b, taken together as shown in Fig.
104, comprise the circuits of the selected storage switch-
ing.

Figs. 74a and 745, taken together as shown in Fig. 105,
comprise the circuits of the control switches of the con-
trol console.

Figs. 75a through 75f, taken together as shown in
Fig. 106, comprise the circuits of the address selection
switches of the control console,

Figs. 76a and 76b, taken together as shown in Fig.
107, comprise the circuits of the display light selection.

Figs. 77a through 77d, taken together as shown in
Fig. 108, comprise the circuits of the control console
lights and storage entry switching.

Figs. 78a through 78/, taken together as shown in Fig.
109, comprise the circuits of the operation code switch-
ing.

Figs. 79a and 795, taken together as shown in Fig.
110, comprise the circuits of the error sense and error
stop circuits,

Fig. 80 is a timing chart for a left shift operation.

Figs. 8la through 81/, taken together as shown in
Fig. 111, comprise the circuits of the control commuta-
tor.

Figs. 82a through 82c, taken together as shown in
Fig. 112, comprise the circuits of the validity checks.

Figs. 83a and 83b, taken together as shown in Fig.
113, comprise the circuits of the table look-up carry and
accumulator zero check.

Fig. 84 comprises the circuits of the accumulator
zero-no zero control.

Figs. 85a through 85:, taken together as shown in
Fig. 114, comprise the circuits of the arithmetic controls.

Figs. 86a through 86/, taken together as shown in Fig.
115, comprise the circuits of the table look-up, upper-
lower and special digit controls.

Figs. 87a and 87b, taken together as shown in Fig.
116, comprise the circuits of the buffer storage control
circuits.

Figs. 117a through 117¢, taken together as shown in
Fig. 11, are a timing chart for a multiply operation,

Fig. 118 shows various ones of the basic timing gates
and pulses.

Fig. 119 shows various other basic timing gates and
pulses.

Fig. 120 is a functional block diagram of the principal
structures and the data flow paths therebetween for a
Table Look-Up operation.

The numbers at the lines leaving and entering the
wiring diagrams of the various components are the figure
numbers from which the wire comes or to which the wire

goes.
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GENERAL PRINCIPLES AND OVERALL MACHINE
CONCEPT

General features

In Fig. 1 there is shown a simplified block diagram
of a stored program type data processing machine. This
machine is completely self-checking without requiring the
use of recalculation or special checking programs and
consequently provides a high degree of reliability. It
has a large memory capacity in the form of magnetic
drum storage and utilizes a system of stored program-
ming which contributes to ease of operation and flexi-
bility in application.

The machine is provided with a main storage capacity
of 2000 “words.” A word consists of up to ten digits
and an algebraic sign. Magnetic drum buffer storage is
provided between the main storage and the input and
output units for increased speed of operation. Thus the
machine can be calculating while both the input and
output units are operating.

Words are stored serially on the drum. Further, the
digits of a word are stored serially within each word
interval. Digits are represented by parallel combinations
of magnetically stored bits. Information is thus said to
be stored serially by word and digit, parallel by bit.

Two systems of digit representation by stored bits are
used in the machine. The buffer storages and the arith-
metic units use a bi-quinary system, where the presence
of two of seven possible parallel stored bits determine the
digit’s decimal value. All General Storage uses a “two
out of five” bit system, where two of five possible par-
allel stored bits determine the decimal value of the digit.

Each of the word storage positions on the drum is lo-
cated by a four digit code or “address.”

In the stored programming system used by this ma-
chine, each instruction (program step) is stored in a
word storage location as a ten digit word. The coded
digits of an instruction word, when interpreted by the
program control circuits, give information as to which
operation is to be performed, in which storage location
to find the data to be used in performing the operation
and in which storage location the next ten digit instruc-
tion word is to be found. A stored sequence of such in-
struction words forms a program or “program routine.”

Calculations are performed by electronic means. The
calculator can add, subtract, multiply, divide and make
logical tests such as plus, minus and zero accumulator
balance. The program routine can be altered by any of
these logical tests or by sensing a control punch in a
card, All of these arithmetical and logical operations
are built into the machine. They are activated by the
operation code portion of the instruction word.

The calculator will accumulate 10 digit words to de-
velop a 20 digit total, perform 10X 10 multiplication to
develop a 20 digit product and divide a 19 digit dividend
by a 10 digit divisor to develop a 10 digit quotient and
a 10 digit remainder. Sign control on all operations is
automatic,
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The arithmetic units of the machine are designed to
handle numbers in a serial fashion. Thus during cal-
culations the 10 digit words are processed by the arith-
metic units on a digit by digit basis with machine time
progressing from the unit’s digit through the highest
order digit of a word.

The basic cyclical timings of the machine are there-
fore related to digit position rather than digit value. In
the arithmetic portion of the machine the value of a digit
is determined by simultaneous combinations of bit pulses
on two of the seven parallel information lines.

Number systems for digit representations

A position on a magnetic surface may be considered
a binary storage device since it may conveniently have
either of two magnetic conditions induced therein. One
condition is taken to mean a binary “1” while the op-
posite direction means a binary “0.” Some system must
be used so that a combination of these binary devices
can represent the decimal digits 0 through 9.

In this machine two such systems are used. The
2 of 7, bi-quinary coded decimal system, is used for
Buffer Storages and for the arithmetic units. The 2 out
of 5, 5 bit system is used for General Storage.

Fig. 2 shows how the bi-quinary system combines
different binary “1” indications from two of seven par-
allel devices to represent each of the ten decimal digits.
In the case of the Buffer Storages, the binary devices
are recorded magnetic spots on seven parallel tracks.
Successive “1” indications from the various combina-
tions of two of the seven tracks during successive digit
time intervals will indicate serially the decimal values
of the digits of a word. In the case of the arithmetic
units the paralleled binary devices are primarily ca-
pacitor storage units. Seven parallel capacitors are used
to represent each of the ten digits of a word. Each
row is tested at its digit time by pulses from a drum
driven timing ring. Binary “1” indications from two
of the seven capacitors will indicate the decimal value
of the digit.

The bi-quinary system requires that there be a “1”
indication from one and only one of the binary indi-
cating devices in each of the two levels. It is this unique
characteristic of the bi-quinary system which makes it
easily adaptable to self-checking arrangements.

The binary level indication determines whether the
quinary level indication is to be read as it is or have
five added to it to determine the decimal value, This
above or below five characteristic of the system makes
it easily adaptable to calculating circuitry.

Fig. 3 shows how the “two of five” system combines
different binary “1” indications from two of five parallel
devices to represent each of the ten decimal digits. This
system is used only for general storage largely because
of the saving of heads and circuits which it affords.
Use of this system requires that all information entering
general storage pass through a 7 to 5 conversion matrix
and that all information leaving general storage pass
through a 5§ to 7 conversion matrix.

Drum arrangement and timing

The calculator is built around the magnetic drum
(Figs. 4 and 5). This drum may be a plated metallic
cylinder approximately 4 inches in diameter and 16
inches long. Information is stored on its surface in the
form of magnetic spots. In order to place information
on the drum in an orderly fashion and to have the
stored information available periodically the drum must
revolve. In this machine the drum is driven at a speed
of 12,500 r.p.m. Around the drum, attached to its end
frames and parallel to its axis are a number of mounting
bars on which are mounted the inductive heads which
read and write information. Information stored on the
drum is only erased by writing new information and
thus may be read as often as needed without being de-
stroyed.
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The General Storage portion of the drum has 2000
addressable locations where ten digit words can be
stored. Each of these word positions is located by first
determining statically which one of 40, five track bands
it is in across the drum and then dynamically which one
of 50 angular drum positions it occupies around the
periphery of the drum.

To accomplish head selection the 4 digit address por-
tion of the instruction word is placed in the Address
Register where it activates the head selection circuits.
Both the static and the dynamic selection are deter-
mined by the numerical value of the 4 digit address in
the Address Register.

For static selection purposes the General Storage
portion of the drum is divided lengthwise into 40 five
track bands, 1 head per track. Each of the 40 bands
has a “6"” bit track, a “3” bit track, a “2" bit track a “1”
bit track and a “0” bit track in accordance with the
“two of five” system of digit representation. Fifty 10
digit words are stored serially by digit and word in each
of these 40 bands, ten words in each of five drum timing
sectors. This drum division is illustrated in Figs. 4
and 5.

In actual practice the five heads of a band are not
physically adjacent but are displaced in a spiral fashion
around the drum in such a way that the “6” bit heads
are adjacent as are the “3,” “2,” “1” and “0” heads each
in its lateral row. This positioning is made necessary
by the fact that the width of a head is somewhat greater
than the width of a drum track. This spacing of the
heads of a band in no way affects the machine operation
since information placed on the drum by simultaneous
impulsing of the heads of a band will later be available
whenever the recorded spots pass under the same head
positions during the same drum time interval.

The 4 digit address will appear in the Address Reg-
ister in its bi-quinary form. The head selection circuits
will select the proper 5 heads for reading or writing by
interpreting the meaning of the 4 digit bi-quinary ad-
dress. Fig. 6 shows how the 2000 positions of General
Storage are arranged.

To explain this arrangement two specific addresses
shown on Fig. 6 will be analyzed. The bi-quinary form
of address 0225 is BOQO, B0OQ2, B0Q2, B5Q0. The
hundreds position 02 indicates that the address is in
the left half of the drum since the BOH addresses the
left half of the drum and B5H addresses the right half
of the drum. QH selects four of the twenty bands in
the BH group, BT selects two of the four QH bands and
QT/ selects one of the pair. This static selection
chooses one of the 40 five track bands by interpreting
the QTh, BH, QH and BT values of the 4 digit address.

The dynamic selection of one of the 50 words in the
band is accomplished by the QT, BU and QU values
of the address. For dynamic selection and other timing
purposes the drum is divided into 5 sectors (0-4) of 10
word intervals each (0-9). In the address 0225 the
Q2T selects the third sector (sector 2) while B5SU and
QOU select the 6th word interval in the sector.

Address 1683 in bi-quinary form is 01 51 53 03. BSH
selects the right half of the drum. QI1H selects four
of the twenty B5SH bands. BST selects two of the four
QIH bands and QITh selects the right-hand band of
this pair.

Q3T selects sector 4 while BOU and Q3U select the
4th word position of sector 4.

All machine timings are related to the angular posi-
tion of the drum. Figs. 4 and 5 show the various im-
portant timing intervals and how they relate to the
drum. The drum is divided into 5 sectors. Each sec-
tor is further divided into 10 word intervals. Each
word divides into 12 equal digit intervals, 10 digits, 1
sign position and a separation interval called Digit X
(DX) between words. Each digit time is finally divided

75 into four equal intervals A, B, C and D.
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The 6 timing tracks contain permanently recorded
spots which are used to establish reference positions of
the drum. These signals drive timing rings and pulse
developing circuits which produce all of the timing pulses
and gates used throughout the machine. The six re-

corded signals are:
Per revolution

(1) Home pulse e - 1
(2) Sector pulse —— e §
(3) Word pulse .- e ————————— 50
(4) B pulse_ o - 600
(5) D pulse e 600
(6) Read sample pulse. - 600

The drum may be, for example, 4 inches in diam-
eter and rotates at & speed of 12,500 r.p.m. or 4.8 ms.
or 4800 micro-seconds per revolution. Since there are
600 digit intervals around the drum then ! digit inter-
val==1400 X 4800 micro-seconds=8 micro-seconds. Each
A, B, C and D pulse then is ¥4 of a digit time or 2
micro-seconds. The actual circumferential space occu-
pied by a digit interval is 409X 12.57 inches or approxi-
mately .021 inch. Thus the “spot density” is approxi-
mately 50/inch.

Fig. 5 shows a 7 track storage band between the tim-
ing tracks and General Storage. This band is used for
read-in and read-out buffer storage, called Read Buffer
Storage and Punch Buffer Storage respectively. Both Read
and Punch Buffer Storages use the same band and the
same heads for reading and writing but occupy different
sector positions on the drum and are thus written into
and read from at different drum times. Digit values
of words stored in Read and Punch Buffer. Storage are
represented in the bi-quinary system, thus 7 tracks are
used. Both Read and Punch Buffer Storages have a
capacity of 10 words. All card input data enters Gen-
eral Storage via RBS and all output data from General
Storage is punched via Punch Buffer Storage.

On read-in operations, the parallel punched holes form-
ing the digit notation of the words punched in the card
are scanned by action of a cathode follower tube matrix
and converted into serial formw for storage in the 10
serial word locations of RBS. At the same time the
decimal punched hole notation is changed to the proper
bi-quinary form of representation. This structure is de-
scribed in more detail and claimed in the application of
F. E. Hamilton et al., Serial No. 399,496, filed Decem-
ber 21, 1953, now Patent No. 2,877,450, and assigned
to the present assignee.

On read-out operations the serial pulses from the PBS
read circuits which form the bi-quinary digit notation
of the 10 words in PBS are converted into single, punch
cycle timed, pulses and distributed to the proper punch
magnet for punching in decimal notation by action of a
thyratron punch scanning matrix. This structure is de-
scribed in more detail and claimed in the application
of F. E. Hamilton et al., Serial No. 464,516, filed Oc-
tober 25, 1954, now Patent No. 2,919,429, and assigned
to the present assignee.

Both reading and punching are initiated by an opera-
tion instruction interpreted by the program control cir-
cuits, On a read operation calculations are interrunpted
just long enough for the 10 words in RBS to transfer
to 10 sequential Genera! Storage locations the first of
which is specified by the address portion of the read op-
eration instruction word. The time required to complete
this transfer will be from a minimum of 10 word times
(960 micro-seconds) to a maximum of 1 drum revolu-
tion (4.8 ms.). The words so transferred, entered RBS
from the card which passed the reading brushes on the
previous read opsration. Calculations then re-start and
continue while the information from the next card is
entering RBS at the slower card-reader speed. On a
punch operation 10 sequential words from General Stor-
age are transferred to the 10 word positions of PBS
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from where they are scanned out to punch at punch
speed. The General Storage location of the first of these
10 sequential words is specified by the address portion of
the punch operation instruction word. The time required
to complete this transfer from General Storage to PFS
will be from 960 micro-seconds to 4.8 ms.

The “block” transfer of 10 words from RBS to Gen-
eral Storage is accomplished by switching together the
RBS “read” output circuits and the General Storage
“write” input circuits during the drum time that the
words of RBS are passing their read heads. Similarly
a transfer of 10 words from General Storage to PBS is
accomplished by switching together the General Storage
“read” output circuits and the PBS “write” input cir-
cuits during the drum time that the 10 General Storage
words are passing their read heads. This means that
those General Storage word addresses which occupy
the same drum sector as the words of RBS receive infor-
mation from RBS and those General Storage word ad-
dresses which occupy the same sector as the words of
PBS, send information to PBS. Since there are 40 bands
of General Storage, there are 40, ten word blocks or 400
word addresses which accept information from RBS and
40 other 10 word blocks which send information to PBS,
These addresses will be specified in the section on Pro-
gramming.

If it is desired to store original data or instructions in
any General Storage location other than one of these
400, a transfer must be programmed. This programmed
transfer is usually part of a pre-stored transfer routine
which is used to distribute original information to the
desired General Storage locations. Information to be
punched must be placed by programming in one of the
40 General Storage 10 word blocks associated with PBS.

Word locations in RBS and PBS are not addressed but
function automatically on programmed read and punch
operations.

The area between the dotted lines of Fig. 5§ shows the
General Storage positions which can be entered from
RBS.

Stored programming

The present machine uses a system of stored pro-
gramming to provide the necessary sequence of opera-
tions for the solution of a problem, e.g., the machine
refers to any of its own storage locat'ons to obtain a pre-
viously stored or computed ten digit, coded, instruction
word whose digit values can be interpreted by the ma-
chine to determine what its next operation should be.

Original data and instructions are normally stored in
drum storage locat'ons from punched cards during the
loading process. Additional data and/or instructions
may be inserted from cards during the solution of the
problem. Each instruction (program step) is stored as a
word. Since both data and instructions are stored in the
same manner, an instruction word can be subjected to
arithmetical operations and thus can be altered by pro-
gramming. The meaning of any valid coded instruction
is built into the machine. Any sequence of instructions is
called a program or program routine.

All instructions are in the form of 10 digit words.
The sign is carried along for checking purposes. It has
no effect on the meaning of the instruction, but must be
considered when the instruction word is altered arith-
metically. :

Referring to Fig. 7, it may be seen that the instruction
word is divided into three sections. Digit positions 10
and 9 are the Operation Code which tells the machine
which of its several operations to perform on this pro-
gram step. Positions 8-5 are the data address and usu-
ally mean either the location of information to be used in
the operation, or the location where the information is to
be stored as a result of the operation. In certain opera-
tions the data address may also have one of the following
meanings:
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(1) The number of positions to be shifted either right
or left.

(2) The General Storage band where the contents of
the ten word positions of RBS are to be entered on a read
operation. Any one of the 50 addresses of a band when
used as the data address of a read instruction word will
cause a transfer of the ten RBS words to the word |
through 10 locations of the band.

(3) The General Storage band from which information
is to be punched. Any one of the 50 addresses of a band,
when used as the data address of a punch instruction
word, will cause a transfer of the contents of word posi-
tions 27 through 36 of the band to the ten word positions
of PBS. The transferred information will be punched
from PBS.

(4) The location of an alternate instruction when
selected by a branching operation. In any case the mean-
ing of the data address depends on the associated opera-
tion code. Positions 4-1 arc the instruction address
which indicates the location in storage of the instruction
word for the next program step, unless a branching opera-
tion has indicated the data address is to be used for this
purpose.

A more complete summary of Addresses and Opera-
tion Codes will be found in a later section on Program-
ming.

Logical organization, data flow and program control

The general logical arrangement of the machine is
shown in Fig. 1. The principal functional units and the
various paths of information flow are shown.

It should be remembered that, although the data flow
paths in Fig. 1 are shown as a single line to simplify the
illustration, each data flow path actually comprises seven
parallel lines and that in accordance with the biquinary
system, information pulses representing the numerical
value of each digit will be present on two of these seven
lines during each digit interval.

As explained in a preceding section on Drum Arrange-
ment, original data and instructions enter the 10 word
RBS section of the drum after passing through the con-
verter circuits where they are changed from the parallel,
decimal notation of the punched card to the serial, bi-
quinary form of RBS. A programmed read operation
then causes a block transfer of the 10 RBS word blocks
which can accept information from RBS. These Gen-
eral Storage locations are marked “Card R.I.” on Fig. 1.

A programmed punch operation causes a block transfer
of 10 words from one of the 40 ten word General Storage
blocks marked “Card Punch-Out” on Fig. 1, to the 10
word PBS section of the drum. These ten PBS words
then pass through the converter circuits where they are
changed from serial, bi-quinary form to punch unit timed
pulses for punching into the card in parallel, decimal
notation. Fig. 1 also shows that all information entering
the General Storage scction of the drum passes through a
7 to 5 conversion matrix where the 7 bit, bi-quinary dig't
representation is changed to the 5 bit code used for Gen-
eral Storage. Similarly, all information leaving General
Storage passes through a 5§ to 7 conversion matrix where
the 5 bit representation is changed back to 7 bit, bi-
quinary form. These 7 to S and 5 to 7 circuits are made
up of combinations of diode coincidence switches and
diode OR circuits.

The arithmetical and logical operations such as add,
subtract, multiply, divide, transfer of words to and from
storage, shifting and logical tests are carried out by the
action of the Distributor, the Accumulator and the one
digit Matrix Adder. The functionings of these units are
controlled by the Program Control Circuits of which the
Program Step storage unit and the Opecration and Ad-
dress Register are a part.

Each program step is performed in two parts or “half
cycles.” On the first part or “I” half cycle the operation
and address registers are reset and the “I” address is
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placed in the address register where it is interpreted and
used to select the location specified by the “I” address.
The new instruction word is then read out of the selected
«I” address location and into the program register. On
the secord part of the program step or “D” half cycle
the OP and address registers are reset and the OP and
Data parts of the new instruction word now in the pro-
gram register are read out of the program register and
into the OP and address registers. Here the data address
is interpreted and used to select the “D" address. The
data word is then read out of the “D” address location
and into the Distributor. The OP code is interpreted
and activates the operation which is performed using the
data now in the Distributor. This completes this program
step.

As soon as the operation is started program control
causes a return to the “I” half cycle. The OP and ad-
dress registers are reset and the “I” part of the instruc-
tion word in the program register is transferred to the
address register, replacing the “D” address there, where
it is interpreted and used to select the next “I” address.
The next instruction word is then read out of the “I”
address location and into the program register replacing
the previous instruction word. The OP and address regis-
ters are again reset and the OP and Data parts of the
new instruction word are read out of the program register
and into the OP and address registers. At this point an
interlock prevents further program advance except for
read or punch operations, until the previous program
step has finished using the arithmetic units. In this man-
ner the machine advances through the steps of a stored
program routine.

This half-cycle action, by which a program step is per-
formed, is accomplished by a Program Control Commu-
tator shown diagrammatically in Fig. 8, which controls
the sequence of actions necessary to advance through any
program step. This control commutator is a two
branched ring with several positions in each branch. As
it cycles, it alternately advances through each branch.
The positions of one branch control the functions of the
“I” half cycle, while the positions of the other branch
control the functions of the “D” half cycle. Normally
the ring must advance through both branches, first “I”
then “D,” to complete a program step. The outputs of
the steps of the control commutator are used to control
the various transfers of data required for the accom-
plishment of the program step.

Program Step Storage (Program Register) and the
Distributor are capacitor storage units capable of storing
serially, in bi-quinary form, the ten digits of a word and
of making continuously available serially, a bi-quinary
signal representing each of the ten digits in its proper
sequence, once every word interval (159 drum revolu-
tion). Fig. 1 shows that both units receive information
from a common storage exit channel but the switching
into Program Step Storage is only open on an “I” half
cycle while that controlling entry into the Distributor is
only open on a “D” half cycle.

The main function of Program Step Storage is to hold
the instruction word which it receives from the “I” ad-
dress, and supply the proper part of this word, to the
OP and address registers for interpretation, at the proper
time.

The Distributor acts as a buffer between the accumu-
lating components and addressable storage locations. 1Its
main functions are to reccive a word of data from a
selected data address and make this word available to
the accumulating circuits as required by the operation,
or to receive a word of data from the accumulating cir-
cuits or the control console switches and make this word
available for entry into a selected General Storage loca-
tion. The Distributor is also an addressable storage loca-
tion (8001) and can be used as a source of information,
through “Selected Storage” switching, to supply an in-
struction word to the program register.
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Capacitor storage units read their stored information
out continuously during each drum word interval. This
is done by driving the digit positions of the unit with
drum timed digit pulses from a drum driven digit ring.
Each capacitor storage unit has a “one digit early” out-
put and an “on time” output. This is accomplished by
driving each digit position of the unit with a drum time
digit pulse one digit time in advance of the digit position
of the storage unit. Thus the digit one position of the
unit is read out at digit zero drum time, digit two of the
unit is driven at digit one drum time, etc. Each early
output is then delayed for one digit interval to provide
an additional “on time” output. Either output may be
used depending upon the operation.

Capacitor storage units are a “non-sustaining” type
of storage, i.e., each position requires periodic “regener-
ation” of its stored information. Regeneration is ac-
complished within the unit by providing a data flow path
between the outputs of the unit and its input circuits.
Thus information which is available from the D1 position
at digit zero drum time is read back into the D1 posi-
tion at digit one drum time, etc., as long as the regenera-
tion path is closed. Reading new information into a unit
merely requires that the regeneration path be opened and
that “on time” output signals from the desired source be
substituted at the storage unit input circuits in place of
the unit’s own “on time” output signals. This is done
whenever the input switching to the capacitor storage unit
is activated.

Fig. 1 shows data flow paths from the outputs of all
capacitor storage units. The information contained in
any capacitor storage unit is continuously present serially,
digit by digit, on these data flow paths. The data flow
path from each of the capacitor storage units connects
to the input switching circuitry of various other machine
units, e.g., the Distributor output connects to the Adder
“B” entry switching, Selected Storage switching, the
Control Console Light entry switching and the General
Storage entry switching. Reading information out of a
capacitor storage unit merely requires that the entry
switching for the desired receiving unit be opened for
just the word time necessary to gate through the suc-
cession of output digit pulses representing the stored word.

The Operation Code register is a two position, bi-
quinary, static storage unit. Each of its positions uses
seven latches (electronic binary storage device) to indi-
cate the OP code value in bi-quinary form. It can accept
information from the 9th and 10th positions of the pro-
gram register on a “D” half cycle. Once a code is en-
tered, continuous, steady state, bi-quinary output is avail-
able from two of the seven latches until the register is
reset.
arrangements to control the indicated operation.

The address register is a four position, bi-quinary,
static storage unit similar to the OP code register. It
can accept information from positions 5-8 of the pro-
gram register on “D” half cycle or from positions 1—4 on
an “I” half cycle. Its continuous steady state bi-quinary
outputs are used by the General Storage Read-Write
Matrix to select statically the proper storage band for
reading out “I” and “D"” addresses or for writing new
information on programmed store operations and read
operations. These outputs are also matched with the
proper drum timing pulses by coincidence switching ar-
rangements in the Dynamic Selection circuitry to select
the proper word time for reading from or writing into a
statically selected General Storage band.

OP code and address register outputs are also used
as signals which help to control the advance of the
Pregram Control commutator.

Fig. 1 shows that information from these registers is
also instrumental in controlling Selected Storage switch-
ing in those cases where it is desired to use the Control
Console switches, Upper and Lower Accumulator or the
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Distributor as a source of information, rather than a
General Storage location.

The Accumulator is a capacitor storage unit similar to
the program register and the Distributor, except that it
has a two word capacity. The serial digit signals of each
word are available at their proper “early” and “on time”
drum digit times once every alternate word interval.
The Accumulator is divided into two halves for pro-
gramming and calculating purposes, the low order ten
digits form the Lower Accumulator and the high ten
digits the Upper Accumulator, Information in the Lower
Accumulator is continuously available during each even
numbered drum word interval while that in the Upper
Accumulator is continuously available during each odd
numbered drum word interval. Fig. 1 shows data flow
paths from the accumulator output to its own input, to
one of the added inputs, to Selected Storage switching, to
the Distributor and to the Control Console lights. Trans-
fer of information from either half of the accumulator
to one of these destinations is accomplished by con-
trolling the read-in switching of the receiving unit to be
open for the proper even or odd word time, during which
time the output of the desired half of the accumulator
is gated through to the receiving unit.

The Upper Accumulator can also act as an overflow
for the lower when a sum or product exceeds ten digits,

The main function of the Accumulator is to work with
the Adder in Accumulating sums, products and quotients
and in performing shift operations. It also supplied
zero balance, plus balance, minus balance and overflow
signals to the program control circuits for the logical test
operations and can function as an addressable source of
information (8002 or 8003) to supply an instruction
word or a data word for programming purposes.

The Matrix Adder is a diode and tube unit capable
of receiving two input digit values, analyzing them, and
producing a digit output signal equal in value to the
sum or difference of the two input values, The Dis-
tributor and the Accumulator feed into the Matrix Adder.
The output from the Matrix Adder is stored back in the
Accumulator. A delay of one digit time is incurred be-
tween input to and output from the Adder. An output
will be available from the Matrix Adder only as a result
of the entry of two input digits, one on each input line.
Digits from both the Distributor and the Accumulator
can enter the Adder, the Distributor digits on one input
line and the Accumulator digits on the other. Provision
is also made, in certain operations, for blanking the Dis-
tributor or Accumulator digit values and substituting zeros
or constants for entry into the Matrix Adder. Most
calculator operations are performed by merging Distribu-
tor and Accumulator digit values or their substitutes in
the Matrix Adder and storing the result back in the Ac-
cumulator. In most arithmetical operations the Dis-
tributor and Accumulator “early” output is used to pro-
duce an “on time” Adder output for the Accumulator to
store. In other operations such as shifting, the “on
time” output may be used.

A summary of the various data flow paths follows:

Digits can enter the distributor from any general stor-
age location, from the entry switches on the control
console or from either half of the accumulator. The
selected storage path is used between the accumulator
and distributor on arithmetic operations when the data
address is ecither half of the accumulator. The direct
path is used on a “store accumulator” operation. In
this case the data address is a general storage location
meaning the destination of the word in the accumulator.
The distributor can supply a word of information to the
adder, to any general storage location, to the display lights
on the control console (manual operation) or to the pro-
gram register through selected storage switching.

The accumulator can be entered only from the output
of the adder or from its own output. The accumulator
can supply information to the adder, the distributor di-
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rectly, the distributor or the program register through
selected storage switching, or the display lights (manual
operation).

The program register can be entered from the common
storage exit line (either general storage output or se-
lected storage) or from the adder on a table look-up op-
eration. The program register can supply information
to the OP and address registers, the display lights or to
the adder on a table look-up operation.

The OP and address registers can be entered from
the program register. The OP and “D” part of an in-
struction word is transferred on a “D” half cycle, the “1”
part on an “I” half cycle. The OP and address register
static outputs control general storage head selection, the
machine “operation,” selected storage switching and the
control commutator.

The adder normally accepts information simultaneously
from the accumulator and distributor and supplies infor-
mation to the accumulator. It can also receive data from
general storage or the program register and read out to
the program register on table look-up operations.

General storage can be read into from either RBS or the
distributor. General storage can read out either to PBS,
the program register, the distributor, or to the adder on
a table look-up operation.

The control console storage entry switches (8000) can
read out to selected storage and thus to either the pro-
gram register or the distributor.

Physical organization

The machine is comprised of three basic physical units
interconnected by cables; a read-punch unit, a power unit
and the calculator unit.

The read-punch unit is basically a high speed punch
and a card reader. The card reader is used to read in-
formation into the calculator while the punch is used to
record information taken from the calculator. The de-
tails of the read-punch unit are not shown in detail herein
since any number of input and output devices could be
used equally well with the calculator of the present inven-
tion.

The power unit includes most of the power supply
components used to provide the various necessary volt-
ages. The power unit is not shown in detail herein since
the various voltages may be generated in any well known
manner. Only the voltage values for the preferred em-
bodiment are shown.

The calculator unit contains the magnetic drum, its asso-
ciated read and write circuits and all calculating and pro-
gram control circuits. In addition, it mounts the opera-
tors control console which contains switches and indi-
cating lights for operation of the machine.

Self-checking

Accuracy of calculations is achieved by checking the
transmission of all data and instructions to satisfy the
validity requirement that there be one and only one bit
in each level (binary and quinary) of a digit. When a
validity check error occurs the machine may be stopped
or the program routine may be branched to repeat a por-
tion of the problem or to initiate a different problem.

Fig. 1 shows the location of these validity check cir-
cuits, at the output of each of the capacitor storage units.
Since all information eventually passes through these
units, any invalid combinations will be detected.

In addition to these validity checking features, the pro-
gram control circuits and the arithmetic circuits are de-
signed with inherent checking features and “fail safe”
logical arrangements. These control checks are dependent
upon the proper combination of signals within the ma-
chine, the proper sequence of signals, double circuitry
and back signals which insure that the signal to perform
some operation was received and that the operation was
completed before proceeding to the next step.

A special check assures that information is entered into
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only one general storage location on any general storage
“write” operation.

Meaningless address and operation codes are detected
and cause an error indication.

The tuning rings are continuously checked on eacli
cycle of their operation. Any timing error is detected
and causes a timing error indication. This structure is
described and claimed in the copending application of
F. E. Hamilton, Serial No. 408,702, filed February 8,
1954, now Patent No. 2,819,457, and assigned to the
present assignee,

A continuous check is made of the accumulator for an
accumulator overflow or a quotient of more than 10 digits.
An overflow condition can cause a machine stop or can
be used to branch the program routine.

Operating controls and indicators

Control switches and indicating lights for operating the
machine and interpreting results are provided. The panel
containing the operating switches and lights is called the
control console.

The control console contains switches and lights through
which the operator may observe and control the course
of the problem being solved. Its principal uses are in
checking out new program routines and in trouble an-
alysis. A brief functional description of various ones of
these switches and lights will be given presently with a
more detailed description of the circuits and their opera-
tion following in a later section.

Power On Key—When this key, Fig. 745, is depressed
the following sequence of events takes place:

(1) A.C.power is supplied to all parts of the calculator
and the blowers and drum start.

(2) D.C. power automatically comes on after a three-
minute delay.

Power On Light—This light, Fig. 74k, comes on when-
ever the Power On Key is depressed. It remains on as
long as A.C. power is supplied.

Ready Light.—This light, Fig. 74b, comes on when the
D.C. power is turned on, either in the starting sequence
after depressing the Power On Key or after depressing
the the D.C. On Key. It remains on as long as D.C.
power is supplied to the calculator.

Fuse Light.—This light, Fig. 74b, comes on whenever
a fuse has blown.

Power Off Key.—When this key, Fig. 74a, is depressed
the following sequence of events takes place:

(1) D.C. power is turned off.

(2) A.C. power is turned off and the drum motor is
turned off.

(3) The blower motors are turned off after a five-
minute delay.

D.C. Off Key.—When this key, Fig. 74a, is depressed,
all D.C. power is turned off and the Ready Light goes off.

D.C. On Key.—When this key, Fig. 744, is depressed,
D.C. power is turned on and the Ready Light comes on.
This key in inoperative until after the three-minute delay
just mentioned.

The D.C. Off and D.C. On keys are provided so that the
D.C. power may be turned off without turning the entire
calculator off.

The remaining keys, switches and lights are used by
the operator to observe and control the problem being
solved. They are arranged so that those having similar
functions are located close together.

Display Lights.—These are ten sets of seven lights and
one set of two lights shown in Figs, 774, b, ¢ and d.
Each set of seven lights has two binary lights arranged
horizontally and five quinary lights arranged vertically.
The digit values O and 5 are associated with their corre-
sponding quinary lights; digit values 1 and 6 are asso-
ciated with their corresponding quinary lights, and simi-
larly 2and 7, 3 and 8, and 4 and 9. 'The binary light in-
dicates which of the two values indicated by the quinary
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light is represented. This arrangement makes it possible
to tell at a glance what number is represented.

The sign lights, Fig. 774, indicate the sign of the num-
ber represented by the display lights.

The display lights are used in conjunction with other
keys and switches on the console to examine the contents
of any location. Examples of how they are used are
glven in the section on Examples of Use of the Control
Console.

Storage Entry Swilches.—Any instruction or ten-digit
signed number may be set on these switches, Fig. 77.
They are used in conjunction with other keys and switches
on the console to enter data or instructions into any stor-
age location. They are usually used to enter corrections
when correcting a program. They may be consulted by
the program by using the address 8000.

Order Lights—These two sets of lights shown in Fig.
75¢ indicate the contents of the operation register.

Address Lights—These four sets of lights shown in
Figs. 75z and 75b indicate the contents of the address
register. Since this address may be either a data address
or an instruction address, some means of distinguishing
between these two cases must be provided. This is done
by means of the data address light and the instruction
address light of the operating lights, Fig. 74b. If the ad-
dress in the address register is a data address, the data
address light will be on, but if it is an instruction address,
the instruction address light will be on.

Operating Lights.—These lights, Figs. 74a and 74b, in-
dicate what is happening in the calculator at any time.
As has been explained under Address Lights, the data ad-
dress light and the instruction address light indicate the
status of the control unit in that they indicate whether the
address in the address register is a data address or an in-
struction address. The remaining four lights indicate
the status of the read, punch, accumulator, and program
units, The various functions of the operating lights are
described as follows:

Program Light—If the calculator stops because of a
programmed stop, address stop, or manual stop, the pro-
gram light will turn on.

Accumulator Light—This light is on when the ac-
cumulator is being used.

Read Light—This light is on after a read instruction un-
til the beginning of a card feed. If the calculator stops
and this light remains on, it means that a card has failed
to feed.

Punch Light—This light is on after a punch instruction
until the beginning of a card feed. If the calculator stops
and this light remains on, it means that a card has failed
to feed

Checking Lights.—These lights are used to indicate
where an error has been detected. Their different func-
tions are described in the following:

Program Register Light—This light comes on if an
error has been detected in the program register.

Distributor Light—This light comes on if an error has
been detected in the distributor.

Accumulator Light—This light comes on if an error
has been detected in the accumulator.

Clocking Light—The clocking circuits consist of a
series of rings driven by pulses recorded on the drum.
These rings emit timed pulses with a duration equivalent
to a digit value, a word, and one-fifth of a revolution.
They are used to indicate the position of the drum at any
instant. The failure of any ring to complete its cycle in
this given time will illuminate the clocking light and stop
the program at the end of that word.

Overflow Light—This light comes on if an overflow
has been detected in the accumulator and the overflow
switch, Fig. 75/, on the console is set on stop. If it is
set to sense, the overflow circuit will be set. The over-
flow circuit may be interrogated by means of code 47 to
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cutred or not. The use of this code resets the overflow
circuit and turns off the overflow light.

An exception to the above is quotient overflow. In
this case the calculator will stop and the overflow light will
come on, whether the overflow switch is set to stop or
sense.

If the calculator has stopped because of an overflow,
one of the reset buttons (except error sense) must be
depressed before the program can proceed. Depressing
this button will also turn off the overflow light.

Error Sense Light—If the error switch, Fig. 75/, is set
to stop and an error is detected, the calculator will stop
and the proper error indicating light will come on. One
of the reset keys (except error sense) must be depressed
before the calculator can be started again. Depressing
one of these keys also turns off the error indicating light.

If the error switch is set to sense and an error is de-
tected, the error sense light will come on, the program
register, distributor and accumulator will be reset to zeros
and the address register will be reset to 8000 which is the
address of the storage entry switches. The next instruc-
tion will be taken from the storage entry switches. This
feature is useful for self-correcting programs. The cal-
culator will proceed automatically with the self-correcting
program, and the error sense light will remain on to indi-
cate to the operator that an error has occurred. It is
turned off by depressing the error-sense reset button.

Programmed Stop Switch.—When this switch, Fig. 75c,
is in the run position, the program will continue when a
stop code (01) is reached. It will treat the stop code as
a NO OP code (00).

When this switch is in the stop position the program will
proceed until a stop code is reached. The calculator
will stop, and the program light will be on.

Examples of the use of the programmed stop feature
are given in the section on Examples of the Use of the
Control Console.

Half-Cycle Switch.~—When this switch, Fig. 75c, is in
the run position, the program will proceed automatically
once it is started. When it is in the half position, in-
structions will be executed one address at a time. That
is, the first half of a cycle is that part of an instruction
execution during which the data address of the instruc-
tion is in the address register and the second half is that
part during which the instruction address is in the address
register. Successively depressing the program start key
will cause one half of a cycle to be executed. By this
means, it is possible to cycle through portions of a new
program when checking it out on the calculator.

Address Selection Switches.—These switches, Figs, 75d
and 75e, are used to set up an address which may be used
in either of the following ways:

(1) Address at which program is to be stopped.

(2) Address to be entered into address register.

Examples of their different uses are given in the sec-
tion on Examples of Use of the Control Console.

Control Switch.—When this switch, Fig. 75f, is in the
address stop position, the program proceeds until the
address in the address register is the same as the address
set on the address selection switches. When this oc-
curs, the calculator stops.

When this switch is in the run position, the execution
of the program proceeds automatically once the program
has been started.

When this switch is in the manual position, the ma-
chine may be operated manually.

Examples of the various uses of this switch are given
inlthe section on Examples of Use of the Control Con-
sole.

Display Switch.—When this switch, Fig. 76b, is in the
lower accumulator, upper accumulator, program register,
or distributor positions, the contents of the correspond-
ing location will automatically be displayed on the dis-
play lights. The program must be stopped if the con-

determine automatically whether an overflow has oc- ¥5 tents of the logation are to be read.
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The contents of any storage location may be examined
by use of the read-out storage position of the switch.
Any word may be entered into any storage location by
use of the read-in storage position of the switch. Ex-
amples of this are given in the section on Examples of
Use of the Control Console.

Transfer Key-—Depressing this key, Fig. 75¢, causes
the address set on the address selection switches to enter
the address register. The control switch must be set to
manual,

Program Start Key~—Depressing this key, Fig. 75c,
starts the execution of the program. The number of
program steps executed depends upon the setting of other
switches on the console.

Program Stop Key—Depressing this key, Fig, 75c,
causes the program to stop at the end of the program
step on which it is depressed.

Program Reset Key.—Depressing this key, Fig. 75¢,
resets the program register to zeros and resets any error
circuits which may be on. If the control switch is in
the manual position, the address register resets to blanks,
but if it is in the run or address stop position, the ad-
dress register resets to 8000.

Computer Reset Key—Depressing this key, Fig. 745,
resets the program register, distributor, and accumulator
to zeros and resets any error circuits which may be on.
If the control switch is in the manual position, the address
register resets to blanks, but if it is in the run or address
stop position, the address register resets to 8000.

Accumulator Reset Key.—Depressing this key, Fig. 745,
will reset the distributor and accumulator to zeroes and
reset any error circuits which may be on.

Error Reset Key—Depressing this key, Fig. 74a, will
reset the error circuits and turn out error indicating
lights so that the program may continite when the pro-
gram start key is depressed.

Examples of use of the control console

Programming Stop.—During the course of checking out
a problem, it is often desirable to stop at some point to
examine computed results in order that they may be
compared with known results. This is usually accom-
plished by the insertion of a stop code in the program so
that the calculator will automatically stop when it reaches
that point. After the program has been checked out,
it is no longer necessary to stop at these various checking
points so that the stop code should be ignored. The pro-
grammed stop switch makes it possible to ignore stop
codes which have been inserted in the program. If the
programmed stop switch is set to stop, the computer
will stop when a stop code is reached. If it is set to
run, the computer will interpret the stop code as a NO
OP code and proceed with the program.

Address Stop.—Another means of stopping the pro-
gram automatically at any point is through the address
stop feature. If it is desired to stop at instruction “I”
the address of “I” is set in the address selection switches.
The control switch is set to the address stop position and
the program is started. The calculator will proceed until
the address in the address register is equal to the address
set on the address selection switches. When these two
addresses are equal, it will stop.

Depressing the program start key will cause the calcu-
lator to restart.

By means of this feature it is possible to stop at any
point in the program to examine results.

Overflow Sense.~Some operations may cause an over-
flow as previously described. It is frequently not neces-
sary to stop the calculations when an overflow occurs, but
merely to change the sequence of instructions to be ex-
ecuted in such a case. The overflow sense feature makes
it possible to dctect whether an overflow has occurred and
to change the sequence of operations without stopping the
calculator. If the overflow switch is set to sense and an
overflow in the accumulator has been detected, the calu-
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lator will not stop but the overflow circuit will be en-
ergized. The BR OV operation code (47) tests whether
the overflow circuit has been energized, thus making it
possible to alter the scquence of operations automatically
on the basis of tiis test. Thc overflow circuit can be re-
set either by use of this operation or by depressing one
of the reset keys (except error-sense reset).

A quotient overflow in division always stops the calcu-
lator.

If the overflow switch is set to stop, the calculator will
stop when any overflow in the accumulator has been
detected.

Monitoring—When a program is being checked out,
it is often found desirable to examine the contents of a
particular storage location to see if the proper instruc-
tion is in that location or to see if a computed result
compares with a known result. The monitoring of stor-
age locations may be accomplished as follows: (1) Stop
the program. (2) Set the control switch to manual. (3)
Set the display switch to read-out storage. (4) Set the
address of the location to be examined on the address
selection switches., (5) Depress the program reset key.
(6) Depress the transfer key. (7) Depress the program
start key.

The contents of the desired storage location will be
indicated on the display lights. Manual read-out is
through the distributor. Therefore, the previous con-
tents of the distributor are destroyed.

When the display switch is in the distributor, program
register, lower accumulator, or upper accumulator posi-
tion, the contents of the corresponding location will be
indicated on the display lights. Of course, the program
must be stopped. If it is desired to make corrections
to a program by insertion of new instructions or data,
this can be accomplished by means of the control con-
sole. The steps required for manually inserting a word
into some storage location are as follows: (1) Stop the
program. (2) Set the control switch to manual opera-
tion. (3) Set the display switch to read-in storage. (4)
Set the word to be entered on the storage entry switches.
(5) Set the address of the desired location on the address
selection switches. (6) Depress the program reset key.
(7) Depress the transfer key. (8) Depress the program
start key.

The word set on the storage entry switches will then
enter the location set on the address selection switches.
The entry can be checked by observing the display lights.

When checking a program it is sometimes necessary to
examine the contents of the different storage locations
on each program step or to see what happens in each half
cycle of the program step. By setting the half cycle
switch to Half, the calculator will execute instructions
half of a cycle at a time. Thus, we can stop at a pro-
gram step, set the half-cycle switch to Half Cycle, and
examine the contents of the significant storage locations.

Successively depressing the program start key will
cause the program to continue one half cycle at a time.
On each half cycle the contents of relevant storage loca-
tions can be examined to see if the proper results are
being produced.

Starting a Program.—There are many ways in which
a program may be started. Two examples are as fol-
lows: (1) Set 000000 X,X,X;X, on the storage entry
switches where X;XyX3X, is the address of the first in-
struction to be executed. (2) Depress the program or
computer reset key. (3) Depress the program start key.

This procedure causes the calculator to get its first in-
struction from the storage entry switches. This instruc-
tion has a NO OP operation and its instruction address
is the address of the first instruction of the program. The
control switch must be on run or address stop positions.

The second example is as follows: (1) Set the control
switch to manual. (2} Set the address of the first in-
struction to be executed on the address selection switches.
(3) depress the program or computer reset key. (4)
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Depress the transfer key. (5) Set the control switch to
run. (6) Depress the program start key.

This procedure causes the calculator to obtain its first
instruction from the location set on the address selection
switches, this address being the address of the first in-
struction to be executed.

To start the calculator originally when no instructions
are on the drum, and no loading routine is in the ma-
chine, a few instructions may be loaded through the con-
trol console. These few instructions will be used to
enter & more complete loading routine. Once a loading
routine is on the drum, it will remain there until re-
placed by something else. Thus, when the calculator is
shut down, it is not necessary to insert a loading program
through the console when it is restarted, since the load-
ing routing already in storage may be used. An example
of a self-loading routine is given later.

PROGRAMMING

To solve a problem, original data words and instruc-
tion words must first be loaded into storage locations, for
example, from punched cards.

Storage address and operation codes

The addresses of the storage locations and the meaning
of the Operation Codes follows:

Address: Unit addressed

0000-1999__ _________ General Storage (A. G.S.
Address can be either a
source of information or
a destination for infor-
mation depending on the
OP code meaning).

BOOO e Storage Entry Switches.

8001 Distributor.

8002 e Lower Accumulator.

8003 . Upper Accumulator.

The 8000 through 8003 addresses make it possible to
obtain information from special sources other than drum
storage. An 800X address is a source of information
and will, therefore, be used either as an “1” address or
a8 a “D” address in conjunction with an OP code which
requires information from some source (10's and 60's)
and not as the “D” address of a store code.

The two digit operation codes represent built-in opera-
tions which the machine can perform.

In the case of the arithmetic codes (10's and 60’s)
the data address of the instruction word specifies the
location of the addend, subtrahend, multiplicand or di-
visor. In these operations the operand or operator is
transferred from its storage location to the distributor.
It is then added or subtracted into the accumulator as
required by the operation. After the operation is com-
plete the original operand or operator remains in the
distributor. The next instruction is taken from the loca-
tion specified by the “I” address.

In the case of stores codes (20's) the data address
specifies the location where the number is to be stored.
The information contained in a general storage location
is automatically erased as the new number is entered.
The stored number is also available in the distributor
after completion of the store operation. The contents of
the accumulator is not affected by a store operation.

A description of the operation codes follows:

NO OP, No Operation (00)—The data address of this
instruction is ignored and no operation is performed. The
next instruction is taken from the location specified by
the instruction address.

STOP, Stop (01)—This code will stop the program.
It may be made inoperative by means of the programmed
stop switch on the console.

AU, Add to Upper Half of Accumulator (10)—The
contents of the location specified by the data address are
added to the contents of the upper half of the accumulator.
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1f the sum should exceed the capacity of the accumulator,
overflow digits will be lost but the overflow circuit will
be set and will stop the calculator or may be interrogated
by means of the branch on overflow code.

SU, Subtract from Upper Half of Accumulator (11)—
The contents of the location specified by the data address
are subtracted from the contents of the upper half of the
accumulator, If the difference should exceed capacity of
the accumulator, overflow digits will be lost but the over-
flow circuit will be set and will stop the calculator or may
be interrogated by means of the branch on overflow code.

D1V, Divide (14)—The number contained in the ac-
cumulator is divided by the number contained in the loca-
tion specified by the data address. The quotient will be
developed in the lower half of the accumulator with its
proper sign and the remainder will be in the upper half
of the accumulator with its proper sign. This is the only
case (except DIV RU) where the two halves of the ac-
cumulator have independent signs. Either half of the
accumulator, with its corresponding sign, may be stored.

Division is accomplished by repeated shifting of the ac-
cumulator, subtracting the divisor which is in the dis-
tributor from the upper half of the accumulator, and
counting in the low order position of the lower half of
the accumulator. Ten shifts take place, the first shift
taking place before subtraction is started. Thus, a zero
must be in the high order position of the dividend so
that the maximum dividend size is nineteen digits. The
divisor and dividend must be lined up so that it is not
possible to get more than ten digits in the quotient.
Therefore, the dividend may have a maximum of nine
digits more than the divisor.

AL, Add to Lower Half of Accumulator (15)—The
contents of the location specified by the data address

are added to the contents of the lower half of the ac-

cumulator. If the sum should exceed the capacity of the
lower half of the accumulator, overflow digits are added
into the low order position of the upper half of the ac-
cumulator.

SL, Subtract from Lower Half of Accumulator (16)—
The contents of the location specified by the data address
are subtracted from the contents of the lower half of the
accumulator. If the difference should exceed capacity of
the lower half of the accumulator, overflow digits are
added into the low order position of the upper half of
the accumulator.

AABL, Add Absolute to Lower Half of Accumulator
{17)—The absolute value of the contents of the location
specified by the data address is added to the contents of
the lower half of the accumulator. If the sum should
exceed the capacity of the lower half of the accumulator,
overflow digits are added into the low order position of
the upper half of the accumulator.

SABL, Subtract Absolute from Lower Half of Accumu-
lator (18)—The absolute value of the contents of the
location specified by the data address are subtracted from
the contents of the lower half of the accumulator. If this
difference should exceed the capacity of the lower half of
the accumnulator, overflow digits are added into the low
order position of the upper half of the accumulator.

MULT, Multiply (19)—The contents of the location
specified by the data address is multiplied by the contents
of the upper half of the accumulator. The twenty digit
product is developed in the accumulator and the muitiplier
is lost. The lower half of the accumulator must be clear
for this operation.

Multiplication is performed as follows: (1) The mul-
tiplier is in the upper half of the accumulator as the result
of a previous operation. (2) The multiplacand is put
in the distributor from storage (part of mult. oper.). (3)
The entire accumulator is shifted left one place. During
this shift, the high order position of the accumulator,
which is the multiplier digit, is read into a blind memory
position. The multiplicand is added into the lower half
of the accumulator the number of times indicated by this
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multiplier digit. (4) Step (3) is repeated ten times, once
for each multiplier digit. (5) The twenty digit product
is given the proper sign according to the signs of the
factors.

if the lower half of the accumulator contains some
number at the start of a multiplication, the final result
will have the absolute value of that number added to the
ten high order positions of the absolute value of the prod-
uct and this result will be given the sign of the product.
Thus, much care must be taken to assure that the lower
half of the accumulator is clear before a multiplication,

ST L, Store Lower Half of Accumulator (20)—The
contents of the lower half of the accumulator and its sign
are stored in the location specified by the data address.

ST U, Store Upper Half of Accumulator (21)—The
contents of the upper half of the accumulator and its sign
are stored in the location specified by the data address.

ST DA, Store Data Address (22)—The digits in posi-
tions 8-5 of the distributor are replaced by the corre-
sponding digits in the lower half of the accumulator. The
modified number in the distributor is then stored in the
location specified by the data address.

ST 1A, Store Instruction Address (23)—The digits in
position 4—1 of the distributor are replaced by the corre-
sponding digits in the lower half of the accumulator. The
modified number in the distributor is then stored in the
location specified by the data address.

ST D, Store Distributor (24)—The contents of the dis-
tributor are stored in the location specified by the data
address.

The units digit of the data address of any shift instruc-
tion specifies the magnitude of the shift. The calculator
will ignore the higher order digits of the data address and
will shift the contents of the entire accumulator only by
the amount indicated by the units digit.

The next instruction is taken from the location speci-
fied by the instruction address. The contents of the
distributor are not affected by these operations. Any
digits shifted off are lost and no indication is given if
this should occur.

SRT, Shift Right (30)—The contents of the accumu-
lator are shifted to the right the number of places speci-
fied by the units digit of the data address. A *0” indi-
cates a shift of 0, a “1” indicates a shift of 1, etc,

SRD, Shift and Round (31)—~Digits 1 through 9 in
the units position of the data address indicate that a 5
is added or subtracted into the corresponding position
of the lower half of the accumulator and the entire
accumulator is then shifted right by that amount. A “0"
in the units position of the data address indicates that a
5 is added or subtracted into the 10th or high order posi-
tion of the lower half of the accumulator and the entire
accumulator is shifted right 10 places.

This operation effectively rounds the number in the
accumulator in the position indicated by the units posi-
tion of the data address and then shifts the accumulator
so that the units digit of the rounded number is in the
low order position of the lower half of the accumulator.

SLT, Shift Left (35)—The contents of the accumula-
tor are shifted to the left the number of places specified
by the units digit of the data address. A “0” indicates
a shift of 0, a “1” indicates shift of 1, etc.

SCT, Shift and Count (36)—The data address of this
instruction has no effect on the operation performed.
The entire accumulator is shifted left until the most sig-
nificant digit is in the high order position of the ac-
cumulator. The number of shifts necessary to do this
is counted and this count is stored in the low order posi-
tion of the accumulator. A count above 9 will set the
overflow circuit and turn on the overflow light. The
overflow circuit may then be interrogated by means of
the BR OV code. A count above 9 will give 0 as the
count number and only 9 shifts will be performed.

The shift and count operation is very helpful for
floating point operations.
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The branching operations do not affect the cotttents
of the distributor or accumulator.

BRNZU, Branch on Non-Zero in Upper Half of Ac-
cumulator (44)—The contents of the upper half of the
accumulaior are examined. If it is zero, the next in-
struction is taken from the location specified by the
instruction address. If it is not zero, the next imstruc-
tion is taken from the location specified by the data
address.

BRNZ, Branch on Non-Zero in Accumulator (45)~
The contents of the entire accumulator are examined.
If it is zero, the next instruction is taken from the loca-
tion specified by the instruction address. If it is not
zero, the next instruction is taken from the location
specified by the data address.

BR MIN, Branch On Minus (46)—The sign of the
accumulator is examined. If it is positive, the next
instruction is taken from the location specified by the
instruction address. If it is negative, the next instruc-
tion is taken from the location specified by the data
address.

BR OV, Branch On Overflow (47)—Examine the
condition of the overflow circuit. If it is not set, indi-
cating that no overflow has occurred, then the next in-
struction is taken from the location specified by the in-
struction address. If it is set, indicating that an over-
flow has occurred, the next instruction is taken from the
location specified by the data address.

RAU, Reset-Add to Upper Half of Accumulator (60)—
Reset the entire accumulator to zero and add the con-
tents of the location specified by the data address to the
upper half of the accumulator.

RSU, Reset-Subtract from Upper Half of Accumula-
tor (61)—Reset the entire accumulator to zero and sub-
tract the contents of the location specified by the data
address from the upper half of the accumulator.

DIV RU, Divide-Reset Upper Half of Accumulator
(64)—This is the same as DIV (see OP 14) except that
the upper half of the accumulator is reset at the end of
the operation. This effectively clears the remainder.

RAL, Reset-Add to Lower Half of Accumulator (65)—
Reset the entire accumulator to zero and add the con-
tents of the location specified by the data address to
the lower half of the accumulator.

RSL, Reset-Subtract from Lower Half of Accumula-
tor (66)—Reset the entire accumulator to zero and: sub-
tract the contents of the location specified by the data
address from the lower half of the accumulator.

RAABL, Reset-Add Absolute to Lower Half of Ac-
cumulator (67)—The entire accumulator is reset to zero
and the absolute value of the contents of the location
specified by the data address is added to the lower half
of the accumulator.

RSABL, Reset-Subtract Absolute from Lower Half of
Accumulator (68)—The entire accumulator is reset to
zero and the absolute value of the contents of the loca-
tion specified by the data address is subtracted from the
lower half of the accumulator.

LD, Load Distributor (69)—The contents of the loca-
tion specified by the data address are loaded into the
distributor.

The store operations have the common characteristic
that the number stored is also in the distributor after
completion of the operation. The number contained in
a memory location is automatically erased before new
information is read into it. The contents of the accumu-
lator is not affected by this operation. The data address
specifies the location where the number is to be stored.
The next instruction is taken from the location specified
by the instruction address.

RD, Read One Card (70)—There are 40 groups of
ten input registers in the main memory addressed 0000—
0009, 0050-0059, 0100-0109, 0150-0159, etc. The data
address of a read instruction refers to a group of ten
registers by addressing the storage band of one of these
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groups of registers, The information in the ten input
buffer storage registers is transferred to the group of ten
input registers in the band addressed by the instruction.
The next card is then read by the card reader and the
data punched on that card is read into the input buffer
storage.

Calculation may proceed as soon as the information is
transferred from the input buffer storage to the input
registers. Thus a read operation does not hold up calcu-
lations for the entire 300 milliseconds required to read
a card but only for the small amount of time required
for the above transfer of information,

If a second read operation is called for before the

first has been completed, no errors are caused since the
calculator simply holds up until the first read operation
has been completed and then proceeds to read the second
card.
PCH, Punch One Card (71)—There are 40 groups of
ten punch registers in the main memory addressed
00260035, 00760085, 0126-0135, etc. The data ad-
dress of a punch instruction refers to one of the groups
of ten registers by addressing the storage band of the
group. The information in the ten punch registers is
transferred to the ten punch buffer storage registers. The
contents of the punch buffer storage is then punched on
a card.

Calculation may proceed as soon as the information is
transferred from the punch registers to the punch buffer
storage. Thus a punch operation does not hold up calcu-
lations for the 600 milliseconds required to punch a card
but only for the small amount of time required for the
above transfer of information.

If a second punch operation is called for before the
first has been completed, no errors are caused since the
calculator simply holds up until the first punch operation
has been completed and then proceeds to punch the
second card.

TLU, Table Look-Up (84)—Tables are stored in the
memory in the form of an argument and functions of
the argument. The table look-up operation will cause
the calculator to scan the table to find the first argument
that is greater or equal to a given argument.

The data address of the TLU instructions is the ad-
dress of the first table argument. Completion of this
operation will result in the address of the first table argu-
ment that is greater or equal to the given argument being
in positions 8-5 of the lower half of the accumulator.
This address may then be used to modify instructions
which will pull the desired function of that argument
from the table.

BR D 10, Branch on 8 in Tenth Position of Distributor
(90)—Examine the tenth or high order position of the
distributor. If this position contains a digit 9, the next
instruction is taken from the location specified by the
instruction address. If this position contains a digit 8,
the next instruction is taken from the location specified
by the data address. If this position contains a digit
other than an 8 or 9, it is an error and the calculator
will stop.

BR D 1, Branch on 8 in First Position of Distributor
(91)—Examine the first or low order position of the
distributor. If this position contains a digit 9, the next
instruction is taken from the location specified by the
instruction address. If this position contains a digit 8,
the next instruction is teken from the location specified
by the data address. If this position contains a digit
other than an 8 or 9, it is an error and the calculator
will stop.

BR D 2, Branch on 8 in Second Position of Distributor
(92)—Examine the second position of the distributor.
If this position contains a digit 9, the next instruction
is taken from the location specified by the instruction
address. If this position contains a digit 8, the next in-
struction is taken from the location specified by the data

10

16

30

35

28
address. If this position contains a digit other than an
8 or 9, it is an error and the calculator will stop.

BR D 3, Branch on 8 in Third Position of Distributor
(93)—Examine the third position of the distributor. If
this position contains a digit 9, the next instruction is
taken from the location specified by the instruction ad-
dress. If this position contains a digit 8, the next in-
struction is taken from the location specified by the data
address. If this position contains a digit other than an
8 or 9, it is an error and the calculator will stop.

BR D 4, Branch on 8 in Fourth Position of Distributor
(94)—Examine the contents of the fourth position of
the distributor. If this position contains a digit 8, the
next instruction is taken from the location specified by
the instruction address. If this position contains a digit
9, the next instruction is taken from the location specified
by the data address. If this position contains a digit
other than an 8 or 9, it is an error and the calculator will
stop.

BR D 5, Branch on 8 in Fifth Position of Distributor
(95)—Examine the contents of the fifth position of the
distributor. If this position contains a digit 9, the next
instruction is taken from the location specified by the
instruction address. If this position contains a digit 8
the mext instruction is taken from the location specified
by the data address. If this position contains a digit
other than an 8 or 9, it is an error and the calculator will
stop.

BR D 6, Branch on 8 in Sixth Position of Distributor
(96)—Examine the contents of the sixth position of the
distributor. If this position contains a digit 9, the next
instruction is taken from the location specified by the
instruction address. If this position contains a digit 8,
the next instruction is taken from the location specified
by the data address. If this position contains a digit

- other than an 8 or 9, it is an error and the calculator
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will stop.

BR D 7, Branch on 8 in Seventh Position of Distribu-
tor (97)—Examine the contents of the seventh position
of the distributor. If this position contains a digit 9,
the next instruction is taken from the location specified
by the instruction address. If this position contains a
digit B, the next instruction is taken from the location
specified by the data address. If this position contains
a digit other than an 8 or 9, it is an error and the calcu-
lator will stop. :

BR D 8, Branch on 8 in Eighth Position of Distributor
(98)—Examine the contents of the eighth position of
the distributor. If this position contains a digit 9, the
next instruction is taken from the location specified by
the instruction address. If this position contains a digit
8, the next instruction is taken from the location specified
by the data address. If this position contains a digit other
than an 8 or 9, it is an error and the calculator will stop.

BR D 9, Branch on 8 in Ninth Position of Distributor
(99)—Examine the contents of the ninth position of
the distributor. If this position contains a digit 9, the
next instruction is taken from the location specified by
the instruction address. If this position contains a digit
8, the next instruction is taken from the location specified
by the data address. If this position contains a digit
other than an 8 or 9, it is an error and the calculator
will stop.

Summary of operation codes

The following summary of OP codes is provided, with-
out the detailed description, for easy reference.

As an aid in understanding the program control cir-
cuits which will be considered in a later section, notice
that the operation codes can be grouped into 7 classifica-
tions according to their meaning. Also notice that each
of the codes in one of these 7 classifications has a com-
mon ten’s position numerical value. Within the ma-
chine, the codes and address appear in their bi-quinary
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form in the OP code and address registers where they are
interpreted.

NO OP and fTOP.

Arithmetic codes. The binary value of the ten's
position determines the reset-no reset meaning 5
of the codes, The quinary part of the ten’s posi-
tion and all of the units position are the same.

Store codes.

- 8hift codes.

Test codes. Tlere the binary wvalue of the ten's
positions determines whether the accumulator or
the distributor is to be tested.

708 e Read and punch codes. 10

- T, Table look-up.

Code | Abbreviation Operation

No Operation.
Szog. 18
Add to Upper.
Subtract from Upper.
Divide.
Add to Lower.
Bubtract from Lower.
Add Absolute Value to Lower,
Subtract Absolute Value from Lower. 20
Mu]tigly.
Btore Lower,
Store Upper.
Btore Lower Data Address.
Store Lower Instruction Address.
Store Distributor,
Shift Right.
Shift and Round. 25
Shift Left.
-| Shift Left and Count,
Branch on Non-Zero In Upper.
Branch on Non-Zero.
Branch on Minus.
Branch on Overflow,
Reset-Add to Upper. 30
Reset-Suhtract from Upper.
Divide-Reset Remainder.
Reset-Add to Lower.
Reset-Subtract from Lower.
Reset-Add Absolute Value to Lower.
Reset-Subtract Absolute Value from Lower.
Load Distributor.
Read One Card. 35
Punch One Card.
Table Look-Up,
-| Branch onRin 10th Position of Distributor,
Branch on 8 in 1st Position of Distributor.
Branch on 8 in 2nd through 9th Position of
Distributor,

40

Examples of programming

To explain the use of the addresses and operation codes
a simple problem is shown. The following chart shows
the lines of coding which might be used to solve the prob- 45
lem

(A+B-C)D
E
The starting address of the program is 0056. 50
Loc, |Inst.or Data Description

0051 0000000201 | Data, Factor A
0052 0000000842 | Data, Factor B
0053 0000000133 | Data, Factor C it
0054 0000000020 | Data, Factor D

0055 0000000200 | Data, Factor B

0056 6000510057 | RAU. A in U (201)

0057 1000520058 { AU. A+ Bin U (10123)
0058 1100530101 SU. A+ B—Cin U (10000)

0101 | TR054010Z | MULT. (AT F—0)D in L (Z00000)
awz | esossor03 | DIV RU LE=DD 10 1, (3000)
0103 | 2000270104 | ST I, (1000) In Card Punch Out G.5.

0104 7100270105 | Punch Card (1060 W, Ficld)
0105 0100000000 | Stop

80

In this example the values of the factors are: 6
A=291
B=842
Cc=133
D=20 70
E=200

Then

{A+B~— C')D‘= (291+-842-133)20_

7 100

200 75

30

The first five locations contain the data to be used.
(Factors A, B, C, D, E). The other locations contain
the instructions to be performed. The sequence in which
the instruction locations appear as “I"” addresses deter-
mines the sequence of the program routine.

On a simple problem such as this one, loading could
be done from the operator’s console by setting the word
values in the storage selection switches and the locations
in the address switches and entering each word on the
chart into its programmed location, line by line.

This would be a slow process, however, when the prob-
lem is long or when programming for many different
problems must be loaded frequently. In practice the
“words” to be stored may be punched in loading cards
and placed in their proper locations by means of a pre-
stored loading program or loading routine.

Subroutines

The basic arithmetic functions of Addition, Subtrac-
tion, Multiplication and Division are built into the ma-
chine and can be performed by the use of an OP code
calling for the desired operation. Often, however, a
problem requires that values be obtained for more com-
plex functions, which are not built into the machine but,
which must be arrived at by programming a sequence
of basic operations in accordance with some procedure
which will produce the desired function value. Ex-
amples of such functions are /N, trigonometric func-
tions, logarithmic functions, etc.

When it is known that values for one of these types
of functions will be required frequently in the solution
of many different problems, the machine can be given
the ability to compute the function value by means of
a pre-stored subroutine. The program for the sub-
routine is developed and loaded. These storage loca-
tions then are never used for other information so that
the subroutine is always available for use on any prob-
lem. This relieves the programmer of the need to plan
these steps for each different problem. It is only neces-
sary for him to branch into and out of the subroutine
from and to the main program routine whenever he needs
such a function value.

Such a subroutine is programmed and loaded in the
same manner as any problem. Once planned and loaded
it is only necessary for the programmer to know the
starting address of the subroutine, the “1” address of its
last line of coding and the address where the computed
value is stored by the subroutine. With this informa-
tion the problem can enter and leave the subroutine as
often as necessary.

Only two extra “linkage” program steps are needed
to enter and leave the subroutine from the main routine.
These are coded as a part of the main routine whenever
a point is reached in the programming where the sub-
routine is to be used. These steps transfer the instruc-
tion for the next step of the main program following
the subroutine from its main program location to the
“I” address of the last step in the subroutine and pro-
vide the means of getting back into the main program
after the subroutine is used.

The calculation of \/N is used to illustrate a sub-
routine and as an example of how the machine may per-
form other than the four basic arithmetic functions. In
this program, N is placed in the lower accumulator by
one of the last steps in the main routine, for use by this
routine.

The development of techniques for machine computa-
tion of complex functions is a subject in itself, in the
broader field of numerical analysis. The development
of a method for the calculation of \/N is presented
here as a simple example of such a technique.
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To obtain_the /N, assume that X, approaches the
value of /N.

Then
Xo'Xo:XO’gN
Let
N
X, %
Then
Xo'X;=N

If N is represented as a point N units from O, then
/N lies between N and 0. X,, the approximation of
the \/N lies between N and 0, although this not mneces-
sary since X, could be greater than !:I__ Also in this case
X, is assumed to be greater than +/N although it could
just as well be less. Under these conditions X, which
is the quotient of N-+-X, lies between v/N and 0. The
object of this procedure is to make successive adjust-
ments to the value represented by X,, with consequent
adjustments to the value represented by X, until the
two values are equal, while subject to the restriction
that their product must be equal to N. This is done by
taking the average of the sum of the two values and
repeating the above process, using the average value so
obtained in place of the preceding approximation, until
the two are equal.

Thus the first approximation is obtained by adding

Xo+X, or
(£+x)

then dividing by two, so that X,, the first approxima-
tion is

N
-5{—.,+X°

The process is repeated using X; in place of X, and
obtaining X, as the quotient of N+X;. Then X,, the
second approximation, is

Xp+X1
2

N
—X;-FX:
2

Several repetitions will be required depending upon the
accuracy of the initial approximation, X, and the deci-
mal accuracy desired.

This procedure provides a way which can be used to
program a machine which can basically only add, sub-
tract, multiply and divide so that it can, by a proper
séquence of these basic operations, provide square roots
s needed. S : ‘
~ Two linkage steps are used for entering and lnm
this presstored subroutine for producing # sgquirs oo
from the main program toutlhe. In this case location
0869 is, for example, where the next instruction of the
main routine is stored. Location 0050 is, for example,
the “I" address of the last instruction of the subroutine.
The linkage steps serve to transfer the contents of 0569
to 0050, by way of the distributor. Then upon comple-
tion of the subroutine the next instruction, taken from
g(s)so, will be the same as if it had been taken from

69.

The +/N subroutine explained above may be used as
a part of the programming for the solution of quadratic
equations with real roots.
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may be the well-known formula for the solution of quad-
ratics, €.8.,
—b4ybl—4ac
X ———
2a
where

a=coefficient of the X2 term of the equation
b=coefficient of the X term of the equation
c==constant term of the equation

Optimum programming

To obtain information from, or place information in,
a storage location when a cyclical storage system is used,
such as the magnetic drum of the present machine, it is
necessary to wait for the time when the desired storage
location passes under a reading or writing position. By
analysis of the timing sequence of the program control
circuits for the operations which this machine performs,
procedure may be determined by which data and instruc-
tion may be located in such a way as to eliminate or
minimize this waiting time. In this way the storage
access time can be effectively reduced. ‘The techniques
for applying these procedures are called optimum pro-
gramming.

With the present machine the programmer is not bur-
dened with timing restrictions which he must always
keep in mind, because interlocks make it impossible to
violate timing conditions in such a way as to cause the
machine to give erroneous results. If, however, proper
recognition and analysis of the sequence of events oc-
curring within the machine is made, the overall speed
can be significantly increased by properly locating data
and instructions.

The basic cycle of the machine is the “word time” or
time interval required to read or write one word. As
there are 50 locations around the drum where words
can be written, each word time is equal to 15p of a drum
revolution. With the drum revolving at 12,500 revolu-
tions per minute, a word time is equal to .096 milli-
second. Each of the machines coded operations can be
analyzed in terms of word times, The object here is to
analyze each operation to see how many word times
are required in its interpretation and execution. In this
manner the basic or fundamental word times are deter-
mined and from these a set of rules is derived through
which optimum programming may be effected.

Angular drum locations are all that must be considered
when optimum coding. The machine is completely syn-
chronous so that the words located in equivalent angu-
lar positions are in phase and are equivalent from a
timing viewpoint. Thus addresses 50 words apart are
equivalent, so that, for example, addresses 0003, 0053,
0103 ..., 1903, 1953 are in phase and therefore,
equivalent so far as optimum programming is concerned.

The “D-1" address system used in the machine greatly
facilitates optimum programming. Data and instruc-
tions may be in any locations on the drum and instruc-
tions may be taken in any desired sequence. As men-
tioned above, once the optimum location has been deter-
inied there are 40 different locations in which the word
of data or instuctions could be placed since the 40 bands
hte in phese. Also, an instruction location may be op-
timun if it is within a range of angular locetions, for

' those operations where the search for the next instruce

tion is made concurrently with the execution of ths op-
eration.

A number of functions in the machine may be per-
formed simultancously. Most operations branch into
parallel execution shortly after the data is made avail-
able to the arithmetic unit. One branch is the arithmetic
process and the other the obtaining of the next instruc-
tion.

Analyzing the steps carried out by the machine in the
performance in any operation, it may be seen that, in

The procedure which the program sequence follows JB every case, certain fundamental word times are required.
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Begin consideration of each instruction at the time when
the instruction has beci located but has not entered the
program register. Starting at this point, the first word
time of every operation is used to transfer the instruc-
tion from its storage location to the program register.
The next word time (restart position of control com-
mutator) is used to initiate the interpretation of this
instruction. This is done by resetting OP and address
registers and transferring the data address to the address
register and the operation code to the operation code
register. The steps performed during the word times
beyond this point will depend upon the particular instruc-
tion being executed.

Consider the shift right 3 operation. A sequence chart
for this particular opcration is shown in Fig. 9. Assume
that the shift instruction is in location n and that n is
an odd word. During word time n, the instruction is
read into the program register. During word time n+-1
the operation code (30) is transferred to the operation
register and the data address (0003) is transferred to
the address register. Word time n-42, Enable Shift Con-
trol, is used to set up the necessary control circuits to
perform the shifting. Since n+3 is even, the next cycle,
Wait for Even, is skipped and shifting begins immedi-
ately. At this point parallel operation begins and the
actual shifting process on the right branch occurs simul-
taneously with the process of searching for and obtain-
ing the next instruction indicated on the left branch.

The restart signal which occurs during word time n+3
indicates that the data address in the address register is
no longer needed. During word time n+4 the instruc-
tion address is transferred to the address register. Word
time n-+5 is the Enable Program Register Read In Cycle
which indicates that a new instruction is to be read into
the program register. Thus, beginning with word time
n-+6 the machine starts searching for the next instruc-
tion. This search may require from 0 word times to
as many as 49 word times depending on the location of
the next instruction.

Examining the arithmetic branch, it is seen that dur-
ing word times n43 through n48 the actual shifting
takes place. The interlock at point A is removed dur-
ing word time n+9. The function of this interlock will
be explained later.

It is seen that although the arithmetic portion of the
operation is not completed until word time n-49, the
program register is able to accept the next instruction
at word time n-+6. If the next instruction were placed
in a location corresponding to word times n46, n47,
or n+8, it would be read into the program register
before completion of the arithmetic portion of the shift
operation. In addition to this, interpretation of this in-
struction would begin in that the operation code would
be transferred to the operation register and the data
address transferred to the address register. Thus, the
first two cycles of the interpretation of the next instruc-
tion occur in parallel with the execution of the shift
instruction. At this point, interpretation must cease since
further steps may make use of control circuits or por-
tions of the arithmetic unit which are already in use
(unless it is a read or punch instruction), The inter-
lock at A is provided to insure that interpretation of the
next instruction does not proceed past this point,

If the next instruction were placed in a location corre-
sponding to word time n--9, the instruction would be
read into the program register during the completion of
the arithmetic portion of the shift operation. In this case
only the first cycle of the interpretation of the next in-
struction occurs in parallel with the execution of the shift
instruction,

If the next instruction were placed in a location corre-
sponding to word time n+10, it would be read into the
program register immediately upon completion of the
shift operation.

Each of the locations corresponding to word times
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116 through n+410 effectively reduces the search time to
0 since there is no waiting time between completion of
the shifting operation and the obtaining of the next in-
struction. However, if the next instruction were placed
in a location corresponding to word times n46 through
19, the interpretation of the next instruction would be-
gin in that the instruction would be read into the program
register. If it were restricted to a location corresponding
to word times n-6 through n-+8, two cycles of interpreta-
tion of the next instruction would take place.

Therefore, not only can the search for the next instruc-
tion take place during completion of the arithmetic por-
tion of an operation, but also interpretation of this next
instruction can begin. If the next instruction calls for a
read or punch operation, execution of either of these op-
erations can proceed since they do not require use of the
arithmetic unit. In this case the interlock at A does not
stop interpretation of the next instruction after the first 2
cycles, since read and punch instructions by-pass this
interlock.

There are three classes of operations. They are read,
punch and calculate operations. Correspondingly, there
are three interlocks. The read interlock stops execution
of the following read instructions, until completion of the
previous read instruction. If the following instructions
are punch or calculate operations, however, they may pro-
ceed without delay. The punch interlock stops execution
of the following punch instructions, until completion of
the previous punch instruction. If the following instruc-
tions are read or calculate operations however, they may
proceed without delay. The calculate interlock at A in
Fig. 9 stops execution of the following calculation instruc-
tions until completion of the previous arithmetic opera-
tion. If the following instructions are read or punch in-
structions however, they may proceed without delay.
Thus simultaneous reading, punching, and calculating is
possible. ‘

Since read or punch instructions are not held up by the
interlock at A, they should be placed in a location corre-
sponding to word time n+46. If the next instruction is
another arithmetic operation, there is no advantage to
n4-6 or n+47 over n{8, since the interlock at A causes
the machine to wait for completion of the shifting process.

Since the storage entry switches (8000), distributor
(8001), lower accumulator (8002) and upper accumu-
lator (8003) are addressable, special consideration must
be given to the cases where one of these locations is ad-
dressed. The storage entry switches and distributor are
always immediately accessible, However, the lower ac-
cumulator can be read into or out of only during an
even word time and the upper accumulator can be read
into or out of only during an odd word time. Thus, for
purposes of optimum coding the storage entry switches
and the distributor may be treated as being equivalent to
any address, the lower accumulator as equivalent to an
even address and the upper accumulator as equivalent to
an odd address.

If, for example, a reset add upper operation (or any
add type operation) has a data address of 8000 or 8001,
these addresses can be treated as being equivalent to n+3
and the instruction address of that instruction can be
determined accordingly. If a data address of 8002 were
used, and the instruction were in an even location, the
optimum location of data for that instruction would be
n-3, which is odd in this case. Therefore, an extra cycle
must be taken to wait for an even location so that the
lower accumulator may be read out. Since the effective
data address is then even, the rule i==d+5 must be used
to determine the location of the next instruction. Similar
analyses may be made for each of the other cases.

Since the accumulator may be in use when an “I” ad-
dress of 8002 or 8003 is given, it would be possible to take
the next instruction from the accumulator before the
arithmetic operation was completed. For example, if



2,969,351

35

an 8002 “I” address were used on a multiply operation,
one of the partial products might be taken as the next in-
struction rather than the final product. For this reason,
the interlock at point A is effective in these cases to pre-
vent the next instruction from being taken from an 800X
address until completion of the arithmetic portion of the
operation.

BASIC ELECTRONIC CIRCUITS

The basic functional electronic circuits used in the ma-
chine are relatively few and simple. The computing cir-
cuits are designed to employ twin triode tubes and ger-
manium crystal diodes. In the computing circuits tubes
are used functionally as inverters, double inverters and
cathode followers. Elsewhere in the machine triodes are
used as voltage amplifiers, shaping amplifiers, power units
and single shot multivibrators. Thyratrons are employed
in the read-out circoitry. Inverters and cathode followers
are connected by external circuitry to form a “latch” cir-
cuit. Latches are used rather than triggers where a mo-
mentary signal must be stored for later use and in timing
ring circuits.

The logical circuits of the machine make extensive use
of germanium crystal diodes arranged to act as positive
signal AND circuits and positive signal OR circuits.
Hereafter, to avoid confusion due to multiple usage of the
terms AND and OR, AND circuits will be referred to as
switches, and OR circuits will be called mixes.

Crystal diodes are also used occasionally to clamp tube
grid voltages at a fixed level.

Double diode vacuum tubes are used in some circuits
where applied voltages are too severe for crystal diodes
or where the back resistance of a crystal diode is too low
for proper back circuit elimination.

Capacitor storage is used for accumulator storage, dis-
tributor and program register where rapid access to the
stored information is essential. In the capacitor storage
unit a capacitor and two associated vacuum diodes form a
basic binary storage device, combinations of which are
used to build up the one or two word storage unit,

All tubes are part of pluggable units, Units are named
according to function. Inverter units are identified with
an IN prefix such as IN1, IN3, etc. Cathode followers,
power units, voltage amplifiers, shaping amplifiers, diode
units and capacitor storage units are similarly identified
wiﬁ; the prefixes CF, PW, VA, SA, DD and CS, respec-
tively.

Several types of CF, IN and PW units are provided.
Use of a particular type depends on the circuit require-
ments,

Several types of cathode follower units provide dif-
ferent load resistance values, various types of grid divider
and input arrangements, etc. Many cathode follower
units, such as the CF1 and the CF2 are duplicates except
for the use of the 6350 tube instead of the 5965 to pro-
vide more drive,

Germanium crystal diode switch and mix circuits are
also built up in pluggable units, The associated resistors
used in the switch or mix circuits are connected externally.

To simplify the logical representatidn of circuits, a sys-
tem of block diagrams is used. Eachyblock symbol repre-
sents a basic function. An effort has been made to iden-
tify the functional classification of & unit by the configu-
ration of its block symbol. The unit type identification as
well as the characteristic block symbol is shown for cross
referencing to the detailed unit drawings. i

The most common tube functions are single inverters
and cathode followers, both single triode functions. These
are shown as a square block with grid input on the left
and anode or cathode output from top or bottom as the
case may be. In each case these are half of a pluggable
unit. When both halves of a unit are used for a single
function, as in double inverters, the block is a rectangle
with twice the area of a half unit. Double diode plug-
gable units contain two, double vacuum diode tubes or
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four diodes. Thus a DD functional block is a rectangle,
one half the area of a half unit block.

A single latch is made up of a double inverter and a
cathode follower. Connections between the inverter out-
put anode and the cathode follower grid is not included
every time a latch symbol appears. Thus a latch sym-
bol is an IN rectangle and a CF square joined as shown
in Figs. 492 and 50a. Similarly, a double latch is an
inverter plus two CF’s, one on each side. Where latch
input circuitry utilizes diode switches and/or mixes, these
will be shown as separate diode blocks. These distinctive
latch configurations will help to locate latches on the
wiring diagrams. Since latches are usually key compo-
nents of a logical circuit, this should aid in following the
wiring diagram.

On latch symbols grid inputs are shown entering the
block from the bottom (left or right) instead of the left
side as on other tube symbols in order to make room for
the adjoining cathode followers.

In all other cases grid inputs are straight in from the
left if there is no grid voltage divider network built into
the unit. When a divider is a part of the unit, the grid
input terminal is shown above the grid level as in the CF3
unit,

When a unit has a built-in load resistor this is indicated
by a small box in the lower left corner of the block if
it is a CF or the upper left corner if it is an IN. If the
load resistor is used, as is usually the case, the number
in the box is the code number for the service voltage to
which the load resistor is connected. These voltage codes
are listed at the end of this section.

Special input circuitry such as capacitors, and diode
clamps are shown as in the CF9, 13 and 16. Where a
cathode load resistor for a preceding stage, which contains
no built-in resistor of its own, is in the input of the next
stage, it is shown as in the CF12.

In some cases where it is helpful to know that a tube
element connects to an unusual voltage, this is shown.
An example is the cathode of an IN5 which connects to
—20 rather than ground.

In general, power units are shown as a block representa-
tive of their basic function as either an inverter or cath-
ode follower. Special power units like the PW2 and 3
have their own special block representation.

Voltage amplifiers and shaping amplifiers are special
types of double inverters.

A crystal diode pluggable unit may comprise several
logical switch and/or mix functions. Each switch or mix
function contained in a unit is shown as a separate switch
or mix block.

To distinguish crystal diode functions from tubes, the
shape and size of the blocks have been made distinctive.
Further, to distinguish between a diode switch function
and a diode mix function, the blocks are shown in dis-
tinctive positions, The switch is shown as a long, low
block with inputs to the bottom and output from the top.
The mix is shown as a narrow, high block with inputs to
the left side and output from the top.

Voltage codes:

1-W . 250 for Magnetic Storage Write Circuits.

1-R .. 250 for Magnetic Storage Read Circuits,

2 o 150, ‘

3 e 70.

4 e —20.

b S —35 (Tap on —50 supply).

6 - 50.

; ________ - 58 Unregulated protective bias supply.
________ -—50.

| S —70.

10 —____ —250.

DIODE SWITCH AND MIX CIRCUITS

A diode switch is a circuit wherein the coincidence of
two or more signals is required to produce an output.
Fig. 13 shows a pair of diodes connected to form part of
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a switch for operating with positive going signals. As
u<ed here and throughout this disclosure, the triangular
portion of the dinde symbol represents the anode while
the flat portion of the symbol represents the cathode.
1f terminal 201 is connected through a resistor to a posi-
tive source of potential, a complete switch is formed.
This resistor is not shown as a part of this functional unit
since frequently a switch is comprised of more than two
diodes to operate on the coincidence of more than two
signals. Assume that signal A at terminal 202 is —35
volts and signal B at terminal 203 is 410 volts. The
source impedance of signal A in series with the forward
resistance of the diode is sufficiently low in comparison
to the resistor to hold terminal 201 at a minus potential,
The back resistance of the other diode is high enough to
prevent signal B from raising the potential at terminal
201. Thus terminal 201 will rise to a positive potential
only when both signals A and B are at positive potentials,

The block symbol used in the wiring diagrams to repre-
sent the circuit of Fig. 13 is shown in Fig. 13a with cor-
responding terminals bearing the same reference numerals.

A diode mix is a circuit wherein the appearance of a
signal on any one or more inputs will produce an output.
Fig. 14 shows a pair of diodes connected to form part
of a mix circuit for operating with positive going signals.
If terminal 204 is connected through a resistor to a nega-
tive source of potential, a complete mix circuit is formed.
Here again the resistor is not shown as a part of the func-
tional unit since frequently a mix circuit is comprised of
more than two diodes.

In the mix circuit a positive signal A applied to ter-
minal 205 will raise terminal 204 to approximately the
signal potential (10 volts) since the combined diode for-
ward resistance and the signal A source impedance is
small in comparison to the resistor. The negative signal
B applied to terminal 206 has no effect on the potential
at terminal 204 since its diode back resistance is high and
provides a means of dropping the potential difference
which exists between the two signals. Under these con-
ditions a positive signal on either the terminal 205 or 206
will raise the potential of terminal 204.

The block symbol used to represent the circuit of Fig. 14
is shown in Fig. l4a with corresponding terminals bear-
ing the same reference numerals.

In either the switch or the mix circuits the potential of
the output terminal is determined by that branch of the
switch or mix which has the larger potential across it
when both are not the same.

Fig. 15 shows the diode configuration of a combination
switch and mix and Fig. 15a shows the block symbols
used to represent this configuration with corresponding
reference numerals appearing on corresponding terminals.

Fig. 16 shows the symbol used for a crystal diode em-
ployed as a clamp.

Vacuum diodes arc used in several places in the ma-
chine where loads wauld be too severe for crystal diodes
or where higher back resistances are needed for better
jsolation. The 6ALS, double diode type, may be used
for all vacuum dicile applications.

Fig. 17 shows one half of a 6ALS tube, and Fig. 17q
shows the block symbol used to represent it with corre-
sponding terminals bearing corresponding reference nu-
merals,

Capacitor storage

Capacitor storage units are used in the machine for
“working” storage, wherc the information must be avail-
able frequently and rapidly, for calculating and control
purposes. Thess capacitor storage units (accumulator,
distributor and program step) are built up from basic
capacitor storage “binary cells,” each of which is capable
of storing one binary bit by virtue of its two possible
states, namely charged and discharged.

One such capacitor storage device is shown in Fig. 18.
The basic cell consists of a pair of diodes 214 and 215
and the storage capacitor 216. The block symbol used
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to represent the circuit of Fig. 18 is shown at Fig. l8a
with corresponding terminals bearing corresponding ref-
erence numerals,

Cathaode followers

A cathode follower is a tube, usually a triode, with cir-
cuitry arranged so that the output signal is taken from the
cathode end of a cathode load resistor. As its name sug-
gests, the output signal follows or is in phase with the
grid input signal, A cathode follower is inherently a
negative feed-back device, i.e., for values of grid voltage
between cut-off and saturation, as the grid voltage is in-
creased the cathode voltage also increases due to the in-
creased IR drop across the cathode load resistor. The
net result is a self-biasing action which limits the ampli-
tude of the output signal to a value very nearly equal to
the amplitude of the input signal. The amount of bias
developed depends upon the tube characteristics and the
load resistor value.

In any case the cathode reaches an equilibrium poten-
tial more positive than the grid, Thus a signal will gradu-
ally have its levels raised as it passes through a series of
cathode followers. Cathode follower load resistors need
not be as large as those used with inverters, since the
value of the load resistor has less effect on the amplitude
of the output signal. Thus a cathode follower can be a
relatively low impedance device whose output signal is less
susceptible to distortion by associated circuit capacitance.
In this machine the voltage levels between which a cath-
ode follower output signal swings are commonly of the
order of —35 to 10.

An important point in connection with cathode followers
as used in this machine is that, unlike inverters, the tube
is always conducting whether the grid is at the no-signal
level (—35) or the signal level (3-10), since the cathode
resistor is returned to a voltage value more negative than
the no-signal level.

Cathode followers are frequently used with double in-
verters for D.C. signal level restoration. They are also
often used to give a signal, whose levels are still usable,
more drive after it has been attenuated by passage through
a series of diodes.

Two cathode followers may share a common load re-
sistor and thus form a logical OR circuit.

Fig. 19 shows a simple type of cathode follower where-
in a signal is applied to the grid of one half of a type
5965 tube through terminal 221 and the output is taken
from the cathode through terminal 222. Fig. 19a shows
the block symbol used to represent the cathode follower
of Fig. 19 with corresponding reference numerals denot-
ing corresponding terminals. Thus when the block sym-
bol of Fig. 19a is seen in the wiring diagram the details
of the circuit may be ascertained by reference to Fig. 19.

Fig. 20 shows a cathode follower like that of Fig. 19
with the exception of the tube type and resistance
values. Fig. 20a shows the block symbol for the cath-
ode follower of Fig. 20.

Fig. 21 shows a cathode follower having a voltage
level establishing network in its input circuit. Fig. 21«
shows the block symbol for the cathode follower of
Fig, 21.

Fig. 22 shows a cuthode follower similar to that of
Fig. 21. Fig. 22a shows the block symbol for the cath-
ode follower of Fig. 22.

Fig. 23 shows two cathode followers with slightly
different input arrangements sharing a single twin triode
tube. Figs. 23a and 235 show the block symbols for
the cathode followers of Fig. 23 where corresponding
reference numerals refer to corresponding terminals.

Fig. 24 shows two cathode followers similar to those
of Fig. 23. Figs. 24a and 24b show the block symbols
for the cathode followers of Fig. 24.

Fig. 25 shows another type of cathode follower. Fig.
25a shows the block symbol for the cathode follower of
Fig. 25.
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Fig. 26 shows two other types of cathode followers
sharing a single twin triode tube. Figs. 26a and 26b
show the block symbols for the cathode followers of
Fig. 26.

Fig. 27 shows a pair of cathode followers sharing a
common cathode resistor. Fig. 27a shows the block
symbol for the cathode followers of Fig. 27.

Fig. 28 shows a cathode follower wherein the cathode
resistor is not included with the unit. Fig. 28a shows
the block symbol for the cathode follower of Fig. 28.

Fig. 29 shows still another type of cathode follower,
and Fig. 29a shows the block symbol for the cathode
follower of Fig. 29.

Figs. 30 and 31 show two more types of cathode
followers. Figs. 30z and 31a respectively show the
block symbols for the cathode followers of Figs. 30
and 31.

Fig. 32 shows two other types of cathode followers
sharing a single twin triode vacoum tube. Figs. 32a and
32b show the block symbols for the cathode followers
of Fig. 32.

Fig. 33 shows another type of cathode follower with
a neon glow tube in its input circuit. Fig. 33a shows
the block symbol for the cathode follower of Fig. 33.

Inverters and double inverters

The basic characteristic of an inverter is implied in
its name. A signal applied to its grid is reversed in
polarity or inverted at the plate end of its load resistor.
The signal is usually also amplified in the process be-
cause of the tube's characteristics. The voltage levels,
between which the inverter’s output signal swings, are
relatively high. (Typical values are 150 to 450 al-
though lower amplitudes are often obtained by tapping
the plate load resistor.) The load resistance, across
which the output signal is developed, is relatively high
{typical value, 20K). Thus the inverter is a high im-
pedance device whose output signal is rather easily dis-
torted by associated circuit capacitance,

A double inverter is merely two coupled inverter
stages where the plate output signal of the first drives
the grid of the second. In a double inverter the signal
is inverted twice so that the final output is of the same
phase as the input signal. The coupling between stages
may be direct or capacitive, If direct the output signal
has the same duration as the input. If capacitive a pulse
output signal is obtained even though the input may be
of relatively long duration.

In this machine inverters are largely used to restore
the level of signals which have been altered by passage
through diodes and cathode followers. The output signal
of a double inverter is usually used to operate the grid
of a cathode follower, whose output is a low level, low
impedance, restored signal.

Fig. 34 shows a double inverter wherein a signal ap-
plied to terminal 267 in inverted by the first half of the
twin triode tube and applied through a voltage level
establishing network to the second half of the tube. Out-
puts may be taken from terminals 268, 269 or 271. Fig.
34a shows the block symbol for the double inverter of
Fig. 34 where corresponding terminals bear correspond-
ing reference numerals.

Fig. 35 shows a single inverter, and Fig. 354 shows
the block symbol for the inverter of Fig. 35.

Fig. 36 shows another type of double inverter, and
Fig. 36a shows the block symbol for the inverter of
Fig. 36.

Fig. 37 shows another type of single inverter, and
Fig. 37a shows the block symbol for the inverter of
Fig.37.

Fig. 38 shows still another type of double inverter,
and Fig. 384 shows the block symbol for the inverter
of Fig. 38.

Fig. 39 shows another type of single inverter, and Fig.
39a shows the block symbol for the inverter of Fig. 39.
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Power units

A number of units are used in this machine which
are called power units. In general a power unit is basic-
ally either a cathode follower or an inverter using a
tube type designed to deliver more power to the circuits
which it drives.

One rather special type of power unit (PW2) is found
in the magnetic storage writing circuits. It is a two
stage unit consisting of an inverter, with a plate peaking
inductor and a capacitor coupled output cathode fol-
lower. The purpose of this unit is to develop an extremely
sharp, short duration signal for controlling the tube
which pulses the write coils so that a short, sharp pulse
of write current will be forced through the coil when-
ever a magnetic spot is to be placed on the drum surface.

Fig. 40 shows a power unit of the inverter type. Fig.
40a shows the block symbol for the power unit of Fig,
40.
Fig. 41 shows the details of the power unit (PW2)
mentioned above. Fig. 41a shows the block symbol for
the power unit of Fig. 41.

Fig. 42 shows another type of power unit of the cathode
follower type having a common plate resistor for two
cathode follower units. Fig. 42a shows the block symbol
for the power unit of Fig. 42.

Fig. 43 shows a pair of similar power units of the
inverter type, one of which has provision for capacitive
input. Figs. 43a and 43b show the block symbols for
the power units of Fig. 43.

Figs. 44 and 45 show two additional types of power
units, and Figs. 44a and 45a respectively show the block
symbols for the power units of Figs. 44 and 45.

Shaping amplifier

In the magnetic storage read circuitry, voltage amplifier
outputs are applied to a special type of circuit called a
shaping amplifier. The main function of the shaping
amplifier is to alter the shape of the voltage amplified,
e.g., a sinusoidal head signal, so that it more nearly
approaches a square pulse and is thus better suited for
use as an input to a diode switch,

Fig. 46 shows a shaping amplifier circuit. A sinusoidal
head signal of approximately 20 volts peak to peak is
applied to terminal 317. The diode in the grid circuit
prevents the amplifier from responding to a negative
swing of the signal. On positive excursions of the head
signal the grid voltage swings positive and would in-
crease by the full 20 volts of the applied signal except
that it is clipped to a 10 volt value by the flow of grid
current. The output of the first stage is capacitor cou-
pled to the second stage the output of which is taken
from terminal 318.

Thus whenever the head signal swings in a positive
direction the shaping amplifier responds with a reasonably
square pulse which is in phase with the positive signal
swing. Fig. 46a shows the block symbol for the shaping
amplifier of Fig. 46.

Voltage amplifiers

In this machine class A voltage amplifier circuits are
used to amplify the sinusoidal head signals before they
are used. Fig. 47 shows a typical voltage amplifier cir-
cuit used in connection with the buffer storage read
circuits. The circuit is a straightforward, two stage,
class A amplifier with direct coupling to the first stage
and capacitor coupling to the second. The output is
an amplified replica of the input signal. Fig. 47a shows
the block symbol for the amplifier of Fig. 47.

Fig. 48 shows another type of voltage amplifier similar
to that of Fig. 47 with a clamped input. Fig. 48a shows
the block symbol for the amplifier of Fig. 48.

Latch circuits

In most electronic computers the timing, counting,
computing, conversion and input-output circuits utilize
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some type of flip-flop device having two stable states.
In the past this device has often been a multivibrator
type ot unit commonly called a trigger. In the present
michine a device called a latch circuit is used. This
circuit has two primary advantages over the trigger.
First, it is not a balanced circuit and as a result tube
bulance and matched components are not of prime im-
portance. The latch will continue to function properly
under conditions which would cause erratic operation
ol a trigger. Second, a latch is made up of a double
inverter and cathode follower, usually with a diode switch
or mix input to the latch circuits. This permits stand-
ardizing on fewer types of units. When triggers are
used, several different types are required. A latch is put
together from the previously described inverter, cathode
follower and diode units.

Fig. 49 shows a portion of a latch circuit. A pulse
on terminal 324 will raise the grid of the first triode
inverter above cut-off causing the triode to conduct.
This in turn lowers the grid potential of the second in-
verter below its cut-off point. The plate voltage rise
of the second inverter in the non-conducting state causes
the grid of the cathode follower to rise to a conducting
potential. As a result the cathode follower output rises
to approximately a plus 10 volt potential. This output
is available for use, to act on some further circuit, and
may be fed back to the grid of the first inverter through
a mixing diode to hold it at a conducting potential to
form the latch circuit. This positive feed back is suffi-
cient to hold the circuit in the “latched” condition. This
“on” condition will sustain itself until some external
action is applied to the circuit to render the output cath-
ode follower non-conductive. This latch can be reset
by mecans of a reset pulse applied to terminal 327. A
pulse applicd to terminal 327 raises the grid of the second
invertcr to conducting potential.  With the second in-
verter conducting the latch cathode follower grid po-
tential is lowered and its output returns to a negative
value. The positive feed back is removed and the first
inverter becomes non-conductive. This holds the grid
of the second inverter positive and the latch has been
restored. The latch may also be restored by clamping
the plate of the second inverter through a diode with
the same resultant effect. Fig. 49a¢ shows the block
symbol for the latch of Fig. 49. When terminal 327
is not used as a reset terminal it is returned to —50 volts
and is not designated on the latch symbol.

Fig. 50 is a portion of a latch similar to that of Fig.
49 except that a sccond cathode follower has been placed

in parallel with the first cathode follower to give the !

output more power. Fig. 50a shows the block symbol
for the portion of the latch of Fig. 50.

Fig. 51 shows a portion of a double latch circuit. This
circuit is frequently used wherc the extra safety and
checking action of a positive “off” signal is desirable.
This circuit is made up of two single inverters and two
cathode followers with divider grid inputs. In order to
complete the latch circuit a first mix circuit is connected
between terminals 334 and 335, and terminal 337 is con-
nected through a second mix to terminal 336. Input
variations can be obtained by using switch-mix diode cir-
cuitry instead of simple mixes.

Initial circuit conditions, assuming the latch to be
“off”” are as follows: (1) Terminal 338 at low potential.
(2) Terminal 337 at no-signal level (—35). (3) Termi-
nal 336 below cut-off potential through a mix diode.
(4) Terminal 339 at high potential. (5) Terminal 334
at signal level (4-10). (6) Terminal 335 at conducting
potential through a mix diode.

When an “on” input signal is applied to terminal 336
through a mix diode the circuit is transferred to an op-
posite set of conditions. Terminal 338 rises and the
following cathode follower conducts raising terminal 337
which holds terminal 336 up through a mix diode. The
latch has been turned on and remains in this condition
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until an “off’ input signal restores it to the initial state.
Fig. S1a shows the block symbol for the portion of the
latch shown in Fig. 51.

Fig. 52 shows a portion of a double latch similar to
that of Fig. 51 except parallel cathode followers are pro-
vided. Fig. 52a shows the block symbol for the portion
of the latch shown in Fig. 52,

TIMING PULSES AND GATES

Information is recorded in the buffer storages and
genera] storage by switching information gates with tim-
ing pulses to produce a specifically timed information
pulse for energizing the writing heads.

Information is read from magnetic storage by switch-
ing a shaped, read head signal with a timing pulse to
produce a specifically timed information pulse which can
be used to turn on a latch whose output will be an in-
formation gate similar in duration and timing to the one
originally used in recording the spot.

A capacitor storage unit (distributor), whose output
pulses are in the form of information gates, is frequently
the source of information thus recorded in general storage.
Also, capacitor storage units (distributor or program
step) whose input circuits will respond to information
pates, are frequently the destination of such information
read from general storage.

Timing pulses occur at about the mid-point of the
information gate interval when writing and at the middle
of the shaper output interval when reading.

Thus timing pulses determine the position of a spot
when it is placed on the drum and also insure that infor-
mation read from the drum is available in the form of a
properly timed information gate. In a similar way, other
necessary drum timing divisions are established by tim-
ing pulses such that the exact position of the drum is
known by the computing and control circuits at all times.

Fig. 4 shows the principal drum timing divisions. All
drum times are with relation to “Home" position which
is the beginning of sector 0. Other drum divisions are
sectors (5 per drum revolution), words (50 per drum
revolution), digits (600 per revolution), and A, B, C
and D pulses, one of each per digit or 600 per drum
revolution.

The basic timing interval is the 8 microsecond digit
interval of which there are 600 around the circumference
of the drum. Each digit interval is divided into four
equal pulse intervals, A, B, C and D. The beginning of
a digit timing interval is marked by the leading edge of
its A pulse. The B, C and D pulses of a digit follow at
2 microsecond intervals. Twelve digit intervals, each
with its A, B, C and D pulses are included in a word
interval. The twelve digits of each word are successively
DX, D0, D1, D2, D3, D4, DS, D6, D7, D8, D9, DI0.
DX is used as a switching interval between successive
words. D0 is the sign storage time and D1-D10 repre-
sent the serial time-space intervals for the storage of the
first through tenth position digits of a 10 digit number.
Ten word intervals are included in each sector, and five
sectors make up the entire cycle of drum timing.

Just as the beginning of a digit interval is marked by
its A pulse, pulses must be available to mark the begin-
ning of each word, sector and home interval. These
basic timing pulses are obtained by reading permanently
recorded spots on the drum’s timing tracks.

There arc 6 timing tracks for the 6 basic, recorded
timing signals.

They are: (1) Home pulse, (2) Sector pulses, (3)
Word pulses, (4) B pulses, (5) D pulses, (6) RSP—Read
Sample Pulses.

The other necessary timing pulses and gates are ob-
tained from multivibrator or latch circuits actuated by
these basic pulses and/or other “manufactured” pulses.

The following list defines terms used to describe tim-
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ing pulses and gates and describes the pulses and gates
used:

Bit.—Smallest unit of information. A bit usually rep-
resents any one element of the seven element bi-quinary
code or the five element general storage code.

Digit (D).—Elements of bi-quinary or five element
code representing one decimal number such as six (6).
Bits representing a digit are present simultaneously within
a time interval of eight microseconds. A valid digit code
designation comtains only two positively identified code
elements. One of twelve intervals of a word.

Home (H).—A recorded spot on the drum which is a
reference point for all timing signals.

Microsecond.—One millionth of a second.

Sector (§).—A designated area representing one fifth
the circumference of the drum.

A sector contains ten words per band and represents
a time interval of .96 millisecond.

Word (W).—A combination of twelve digit intervals
representing the smallest addressable storage unit of
information.

A word contains ten digits (D1-D10) representing
numerical information, plus one digit (D0) indicating
sign, plus one digit (DX) allowed for a switching inter-
val between words.

Pulse (P).—Basic timing signal usually about two
microseconds’ duration.

Most pulses are obtained from permanently recorded
signals on the drum which are amplified and shaped.
Some pulses are generated from other pulses.

Gate.—Any signal not labeled pulse is assumed to be a
gate and has no basic abbreviation.

Any created timing signal usually over two micro-
seconds in duration which represents an exact timing
signal between two pulses,

Gates are usually created by switching certain timing
signals or by timed control of latch circuitry.

“A"” Pulse (AP).—A positive pulse, two microseconds’
duration, occurring during the first quarter of a digit
interval. “A” pulses are produced from a “one shot”
multivibrator which is controlled by the leading edge of
a delayed Early “A” pulse and the leading edge of a
negative “B” pulse.

“B” Pulse (BP).—A positive pulse, two microseconds’
duration, occurring during the second quarter of a digit
interval. “B” pulses are obtained from permanently re-
corded signals on the magnetic drum.

“C” Pulse (CP).—A positive pulse, two microseconds
in duration, occurring during the third quarter of a digit
interval. “C” pulses are produced from a “one shot”
multivibrator controlled by the trailing edge of a negative
“B” pulse and the leading edge of a negative “D” pulse.

“D” Pulse (DP).—A positive pulse, two microseconds’
duration, occurring during the fourth quarter of a digit
interval. “D” pulses are obtained from permanently
recorded signals on the magnetic drum,

Pulses that occur just prior (less than two microsec-
onds) to a designated pulse time are signified with a
prefix “E” meaning “early.” Early pulses are often used
to compensate for time lost between stages of electronic
circuitry which require an output at a certain designated
pulse time.

Early “A” Pulse (EAP) —A positive pulse, two micro-
seconds’ duration, designed to occur approximately %
microsecond prior to an “A” pulse. Early “A” pulses
are obtained by delaying “D” pulses. Six hundred pulses
per drum revolution, eight microseconds apart.

Early Word Pulse (EWP).—A positive pulse, two
microseconds’ duration, which occurs at Early “A” pulse
time every twelfth digit. Early Word Pulses are ob-
tained from permanently recorded signals on the mag-
netic drum and are associated with Digit X, the first digit
time of every word. Fifty pulses per drum revolution,
96 microseconds apart.

Early Sector Pulse (ESP).—A positive pulse, two
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microseconds’ duration, which occurs at Early “A” pulse
time every one hundred twentieth digit (or every tenth
word). Early Sector Pulses are obtained from perma-
nently recorded signals on the magnetic drum and are
associated with Digit X, Word 0, the first digit of the
first word of every sector. Five pulses per drum revolu-
tion, 960 microseconds apart.

Early Home Pulse (EHP).—A positive pulse, two
microseconds’ duration, which occurs at Early “A” pulse
time once every drum revolution. Early Home Pulse is
obtained from a permanently recorded signal on the mag-
netic drum. Early Home Pulse is associated with Digit
X, Word 0, Sector 0, the first digit of the first word of
the first sector. One pulse per drum revolution, 4.8 milli-
seconds apart.

Home Pulse (HP), Word Pulse (WP).—These pulses,
two microseconds in duration, are obtained by delaying
their respective “early” pulse approximately %2 micro-
second so that these pulses occur at “A” pulse time.

Word Pulse (Even Word) (WPL (EvW)).—A posi-
tive word pulse, two microseconds’ duration, which occurs
for only every even word (192 microseconds apart).
Words 0, 2, 4, 6, 8 are considered even words and are
associated with lower accumulator read-out time.

Word Pulse (Odd Word) (WPu (OdW)).~—A positive
word pulse, two microseconds’ duration, which occurs
for only every odd word (192 microseconds apart).
Words 1, 3, 5, 7, 9 are considered odd words and are
associated with upper accumulator read-out time.

Negative timing pulses are signified with a prefix “N.”
Negative pulses are obtained by inverting normal pulses.
A negative pulse therefore has a positive voltage level
except during the designated pulse time.

NAP.~—Negative “A” Pulse,

NBP.—Negative “B” Pulse.

NCP.~—Negative “C” Pulse.

NDP.—Negative “D” Pulse,

NEAP.—Negative Early “A” Pulse.

NEHP.—Negative Early Home Pulse.

NHP.—Negative Home Pulse.

NESP.—Negative Early Sector Pulse.

NEWP.—Negative Early Word Pulse.

NWP.—Negative Word Pulse.

NWPL (EvW).—Negative Word Pulses occurring only
for every even word,

NWPU (OdW).—Negative Word Pulses occurring
only for every odd word.

Negative Latch Reset Pulse (N. Latch Res. P) —A
negative pulse, approximately one microsecond duration,
which occurs at the beginning of “e” time. This pulse
is obtained from a “one shot” multivibrator triggered by
an “A” pulse, This pulse is used to control the reset of
some of the latches used in Magnetic Storage.

Read Sample Pulse (RSP).—A positive pulse, about
one microsecond duration, which occurs near “5” time.
Read Sample Pulses are used to sample information gates
from the magnetic storage read-out circuitry. Read
Sample Pulses are obtained from permanently recorded
signals on the mangetic drum. Six hundred pulses per
drum revolution, eight microseconds apart.

Write Sample Pulse (WSP).—A positive pulse, two
microseconds in duration, which is similar to a “c” pulse.
Write Sample Pulses are obtained from a “one shot”
multivibrator controlled by the trailing edge of a nega-
tive “B” pulse and the leading edge of a negative “D”
pulse, These pulses are used for sampling information
gates which feed magnetic storage write amplifying cir-
cuitry. Six hundred pulses per drum revolution, eight
microseconds apart,

Digit Gates are initiated at “a” time but are considered
on only from “b” time of the designated digit to “a”
time of the following digit.

DX—Switching Digit Gate—~—One digit time allowed
for a switching interval between words.
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D0—Sign Digit Gate—One digit time allowed for
sign indication,

D1, D2, D3, D4, D5, D6, D7, D8, D9, D10—Digit
Gates 1-10.—Digits designated for numerical informa-
tion. Digit 1 represents units position, digit 10 high order
position.

DI-D35—A gate providing Digit Gates 1-4 only,

D5-DX —A gate providing Digit Gates 5-10 only.

D5-D10.—A gate providing Digit Gates 5-9 only.

DI-DX.—A gate providing all Digit Gates except DO
and DX, }

D5-D9.—A gate providing Digit Gates 5-8 only,

D10, DI-D5.—A gate providing Digit Gates 10 and
1-4 only.

D10U (OdW).—Digit Ten Gate on only for every odd
word (Upper accumulator read-out time),

(0d) D.—Digit Gates occurring only for every odd
digit (X, 1, 3, 5, 7, 9).

(Ev) D.—Digit Gates occurring only for every even
digit (0, 2, 4, 6, 8, 10).

DXUc (0OdW)-D1Uc (OdW)—A gate on from “c”
time of Switching Digit X to “¢” time of Digit One oc-
curring only for every odd word. Odd Word Gates are
associated with upper accumulator read-out time.

DI10Lc (EvW)-D0Uc (OdW).~—A gate on from “c”
time of Digit Ten of an even word to “¢” time of Sign
Digit Zero of the following odd word.

N(DIOLc-DOUc).—A gate on from “c” time of
Digit Zero of an odd word to “¢” time of Digit Ten of
an even word.

The following gates have a prefix “E” which indicate
early digit gates which are initiated at “d”’ time of the
previous digit but are considered on only from “a” time
to “d” time of the designated digit:

EDX.—Switching Digit Gate.

NEDX.—A gate positive for all digits except EDX.

EDXL (EvW) —Switching Digit Gate occurring only
for every even word (Lower accumulator read-out time).

EDXU (0OdW).—Switching Digit Gate occurring only
for every odd word (Upper accumulator read-out time).

NEDXL (EvW).—A gate positive at all times except
EDX of even words (Lower accumulator read-out time),

NEDXU (OdW).—A gate positive at all times except
EDX of odd words (Upper accumulator read-out time).

EDO.—Sign Digit Gate.

NEDO.—A gate positive for all digits except EDO.

EDOL (EvW)—Sign Digit Gate occurring only for
every even word (Lower accumulator read-out time).

EDOU (0OdW).—Sign Digit Gate occurring only for
every odd word (Upper accumulator read-out time).

EDI1.—Digit One Gate.

NEDI—A gate positive for all digit times except
ED1.

EDIL (EvW).—Digit One Gate occurring only for
every even word (Lower accumulator read-out time).

EDIU (0dw).—Digit One Gate occurring only for
every odd word (Upper accumulator read-out time).

ED2.—Digit Two Gate.

NED2.—A gate positive for all digits except ED2.

ED2L (EvW).—Digit Two Gate occurring only for
every even word (Lower accumulator read-out time).

Sector Gates are considered on from “b” time of
Digit X, Word 0 to “a” time of the following Digit X,
Word 0 (ten words).

§0, 81, 82, 53, S4—Sector Gates 0—4.—Positive sig-
nals from a ring lasting approximately 960 microsec-
onds between two sector pulses, distinguishing one of
five drum sectors.

Word Gates arc considered on from “b” time of Digit
X to “a” time of the following Digit X (twelve digits).

Wo, Wi, W2, W3, w4, W5, W6, W7, W8, W9—Word
Gates 0-9.—Positive signals lasting 96 microseconds be-
tween two word pulses establishing position of word in
a sector.

WL (EvW).—Word Gates occurring only for every
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even word (0, 2, 4, 6, 8), Lower accumulator read-out
time,

WU (0dW).—Word Gates occurring only for every
odd word (1, 3, 5, 7, 9), Upper accumulator read-out
time.

a—c—Timing Gate on from “a”
each digit (equivalent of AP+ BP).

c—a.—Timing Gate on from *“c” to “&” time within
each digit (equivalent of CP4DP).

Figs. 53a through 58c show the details of the develop-
ment of all timing pulses and gates.

MAGNETIC DRUM STORAGE

In the present machine a revolving magnetic drum is
used for storing information in the form of small mag-
netized spots on the drum’s surface, This system of
storage offers a large storage capacity in small space
together with reasonably fast access.

It is well known that a current through a coil around
a bar of magnetic material will induce the bar to be-
come a magnet having a north and south pole at either
end. Which end becomes the north pole is dependent
upon the direction of the current in the coil. This mag-
net has associated with it a magnetic field, which field
exerts a magnetizing force on materials placed in it.

If a sheet of suitable magnetic material is placed ncar
the electromagnet, some of the field of the magnet will
pass through the sheet. In fact there will be a greater
concentration of field in the sheet than in the surrounding
air because the magnetic material of the sheet presents
less reluctance than air. During the time that current
is flowing in the coil, that part of the sheet through which
the field passes will itself become a magnet. If the
proper material is used, some of this induced magnetism
will remain in the sheet after current ceases to flow. The
fact that current was made to flow in the coil has been
recorded in the sheet and this fact could be detected by
passing a compass needle over the sheet. The polarity
of the recorded spot would indicate the direction of flow
of the current through the coil. This is the principle of
magnetic storage.

In the machine the electromagnet has become a record-
ing head and the sheet of magnetic material has been
wrapped around a drum. The head is placed so that the
air gap is adjacent to the drum surface. If the drum is
made to revolve, bits of information in the form of cur-
rent pulses can be recorded as small magnets or magnetic
spots on the surface of the drum. With this arrange-
ment the recorded spots can be packed very close together.
The spots are recorded serially in tracks, imaginary strips
of surface the width of a head core which extend around
the drum, The area for the recording of a spot is often
called a cell,

When writing there is sufficient fringing of the field
across the air gap between the poles to link with the sur-
face of the drum and induce a magnetic spot.

With the drum revolving under the head, a ready means
of getting the information back into a voltage pulse form
is provided. The reading out of information is depend-
ent on the fact that a change in magnetic field intensity
in the air gap will induce a voltage across the winding.
Since the spot previously written on the drum surface is
itself a small magnet, there is a field associated with it.
As this field passes under the head some of it fills the air
gap and induces the core to become a magnet with the
result that a voltage proportioned to the rate of change
of flux in the core is induced across the winding. The
voltage induced across the winding will be sinusoidal in
form reaching maximum and minimum values when the
north and scuth poles pass under the air gap, i.e. when
the flux in the core is changing most rapidly, and falling
to zero between the poles when the flux is constant. The
shape of the output signal is established by the polarity
of the magnetic spot, which in turn was governed by the
direction of the writing current through the winding when

to “c” time within
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the spot was placed on the drum. The term “wpitin_g" is
taken to mean the action of placing a spot of either
polarity on the drum.
the two forms of writing and are used to describe the two
possible polarities, A recorded spot reads back as a
“down-up-down” sinusoidal signal while an erased spot
reads back as an “up-down-up” signal. In the parallel
bit storage systems used in this machine (bi-quinary or
two-of-five) the recorded spot indicates a binary “1”
while the erased spot indicates a binary “0.” In the bi-
quinary system the simultaneous reading of two recorded
spots and five erased spots within a digit position interval
determines the decimal value of a digit. In the two-of-
five system the simultaneous reading of two recorded spots
and three erased spots within a digit interval determines
the digit’s decimal value. The magnetic storage read cir-
cuits are arranged to detect the difference in the two types
of signals.

The organization of the drum used in this machine is
illustrated in Fig. 5. The entire drum and drive motor
form a complete assembly. Cables leading to the heads
terminate in sockets into which the individual heads are
plugged.

The head used for reading and writing may be of the
type shown and described in the copending application
of Edgar Alan Brown, Serial No. 409,101, filed February
9, 1954, now Patent No. 2,915,593, and assigned to the
present assignee. The assembly consists of a pivoted,
laminated core with a hollow plastic bobbin around one
side, on which are two 80 turn windings, one of which
is center tapped. A compression spring holds the core
in position with its stud against the adjusting screw. The
head is held to two mounting bars by the mounting screws.
As the mounting screws are tightened the tension locking
clips flatten out and hold the position. This is necessary
since the mounting screws are also used for adjusting
purposes. The position of the head along its track can
be varied by more than a full digit interval by use of
these screws.

Head adjustment is accomplished by turning in on the
mounting screws until maximum read signal amplitude
from a previously written spot is observed on a scope,
This occurs as the head contacts the drum. Further
turning of the screws only results in forcing the core to
pivot against the force of the compression spring with
no increase and eventual decrease of signal amplitude.
The screws are then backed off to the point of maximum
amplitude. The adjusting screw is then used to back the
core out of contact with the drum and is adjusted for a
signal amplitude of approximately 75%-80% of the
maximum. This results in a head to drum clearance of
the order of .0005". Thus the head is adjusted for proper
signal amplitude not for drum clearance. Any resulting
clearance is satisfactory since even an occasional contact
condition is not serious with this type of head.

The principles of reading and writing will be explained
with reference to general storage. Fig. 59a through 590
show how the heads are connected for general storage.
Here the two 80 turn coils are connected and a center tap
connection is made at their junction. One coil is then
used to record and the other to erase. The same coil
which is used to record is also used for reading.

When placing information in general storage the ob-
ject is to place the spot on the drum in such a position
that when it is later read out it will cause the read circuits
to produce an “on time” B-A information gate, i.e., if
the spot is to represent D1, it should, when read out,
cause a B-A information gate to be developed during the
D1 timing interval. It should be remembered that all
information is transmitted throughout the machine in the
form of B-A gates. Reference to Fig 11 will show that
information can be sent to general storage from either the
distributor or from RBS. Thus the output from these
units must be in the form of B-A information gates,

“Recording” and “erasing” are .
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which, when allowed to reach the general storage input,
will actuate the write circuits.

Because time is required to write and to read, the gen-
eral storage write circuits must be actuated in advance
of the drum time of the digit to be stored, if the digit
is later to be available from the general storage read cir-
cuits as on time B-A gates. In this machine the magnetic
storage circuits have been designed so that one whole digit
time is used in the process of writing and reading. Thus
the B—A gates from either distributor or RBS which actu-
ate the general storage write circuits must be one digit
time early with respect to the drum time of the digit which
they represent. The spots will then be placed on the
drums in such position as to cause the read circuits to
put out on time B-A gates when they are read out. In
other words general storage receives information in the
form of one digit early B-A gates and puts out informa-
tion as on time B-A gates. It will be remembered that
the distributor, a capacitor storage uait, has both a one
digit early output and an on time output. The one digit
early output is used when information is sent from the
distributor to general storage. It will be seen also that
information is written in RBS at such a time that it will
be available from the buffer storage read circuits one digit
early for proper entry into general storage.

The operation of the read-write matrix will be ex-
plained with reference to Figs. 594 through 590. The
outputs from the address register will have activated the
selection circuits so that the potential of the center tap
of a pair of coils, 401, Fig. 596 for example, will have
been raised from —70 to -+100 volts due to conduction of
power unit 402 (PWS5), thus readying the selected head
for use. The output from the address register, BOH, O0OH
and BOT, are switched at switch 403 and fed to inverter
404 (IN8), from inverter 404 through power unit 405
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through cathode follower 407 (CF12) to power unit 402,
Any other head would be selected in a similar manger.
A one digit early, B-A gate present on one of the bit
input terminals (“0” Bit) will activate the record circuit.
If the value of the digit is such that no information gate
is present this “lack of information” signal level is inverted
at inverter 408 (IN3) and the erase circuit will be acti-
vated instead of the record circuit.

The record circuit is activated as follows: At “c” time
of the digit interval a write sample pulse is switched at
switch 409 with the output of the QOTH position of the
address register and with a general storage write gate,
The output of switch 409 is fed through a pair of parallel
connected power units, 411 and 412, (PW5's) to switch
413 where it is switched with a B-A gate on the “0” Bit
line. The output of switch 413 is fed through power unit
414 (PW2) and capacitively coupled to power unit 418
(PW2). A sharp, short voltage pulse is produced at the
output of power unit 415 by the trailing edge of the
WSP. This pulse is fed to power unit 416 (PW7) to
cause power unit 416 to conduct heavily for the short
time of the pulse thus energizing the record coil through
diode unit 417 (DD1) to place a spot on the drum. The
complete circuit to energize the head is from ground,
cathode of power unit 416, anode of power unit 416,
diode 417, the coil, cathode of power unit 402, anode of
power unit 402 and to the 250 volt write circuit supply.

The erase circuit is activated as follows: The outputs of
the above-mentioned power units 411 and 412 are switched
at switch 418 with a signal produced by a “no B-A gate”
passing through inverter 408 and cathode follower 419
(CF3). The output of switch 418 is fed through power
units 421, 422, 423 and diode 424, in the same manner
as the output of switch 413 activated the record circuit, to
energize the erase coil.

The power units 416 and 423 are caused to conduct
for about 12 microseconds by a pulse on their grids and
write current flows through one of the coils during this
time,
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When it is desired to read information from general
storage, it is necessary that the read circuits respond to
recorded head signals by producing B—A gates during the
digit timing interval following the one which caused the
spot to be recorded. It is also necessary that the read
circuits ignore signals due to erased spots. Thus the read
circuits of general storage will put out two simultaneous
B-A gates, from two of the five parallel read circuits,
during each digit interval whenever the address register
outputs activate the selection circuits. This is in accord
with the two of five system used for general storage.

For reading a recorded spot the address register outputs
will again select the head by causing power unit 402 to
conduct, thus raising the potential of the center tap as in
writing. In this case no B-A information gates are al-
lowed to reach the write circuit input terminals and power
units 416 and 423 remain cut off. Thus when the selec-
tion is made and power unit 402 conducts, parallel circuits
are completed from ground, through the resistors tied to
the anodes of power units 416 and 423, vacuum diodes,
read and erase windings, power unit 402 to 4250 volts.
Any induced voltages which tend to build up across the
windings cancel out and the net effect of the selection is
to raise the D.C. level of the lines to which the anodes
of power units 416 and 423 (Fig. 59b) are tied from 0
to approximately 4 100. This raises the D.C. level of the
grid of cathode follower 425 (CF11, Fig. 5%) associ-
ated with the read line to 4+100. Since the cathode is
returned to 90, cathode follower 425 is conditioned
for conduction. Cathode follower 425, whose anode is
normally blocked by action of power unit 426 (PW4)
used as a blocking inverter, will be “unblocked” by the
QOTH selection from the address register. Thus, cathode
follower 425 will conduct and drive voltage amplifier 427
(VA2). After the selection transient has died out, the
induced A.C. head signal present across the read winding
and superimposed on the 100 volt selection level, con-
tinues to drive the “unblocked” cathode follower 425 and
thus becomes the input signal to voltage amplifier 427.
The output of voltage amplifier 427 is then an amplified
replica of this A.C. head signal. The D.C. component
of the voltage amplifier 427 output is removed by the in-
put capacitor of the shaping amplifier 428 (SA1). The
output from a recorded signal of the shaping amplifier
428 which responds only to positive changes in the input
signal, overlaps the time of the “read sample pulse”
(RSP) while that from an erased signal does not overlap
or coincide. Thus there is an RSP output from the diode
switch 429 on recorded signals and no output on erased
signals. This pulse turns the output latch 836 on at “b”
time. The latch is reset every “a” time by a “negative
latch reset pulse.” The output of the latch is the neces-
sary “on time” B-A information gate. These B-A gates
pass through the 5 to 7 conversion circuits where they
are converted to the 2 of 7 bi-quinary system of digit
value representation for transmission to distributor, pro-
gram register or adder.

This action takes place continuously as long as a valid
general storage address is in the address register. Infor-
mation gates from a whole selected band of general stor-
age are therefore available from the output latches. The
desired series of B-A pates is selected from this “train”
of information by the read-in switching circuitry of the
unit which is to receive the information as directed by
the program control circuits,

By examining Figs. 594 through 590 it may be seen
that a combination of circuitry like that just described
accomplishes all writing into and reading from general
storage.

Buffer storage circuitry used to record, erase and read
differs primarily in the way the heads are connected.
Since no head selection is necessary, less circuitry is
needed and the head circuits are completed to ground.

Information gates from the seven parallel buffer stor-
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age read circuits are continuously available from the
output latches. On a read operation a 10 word control
gate coinciding in time with RBS, allows these B-A in-
formation gates to get through switches to operate the
general storage write circuits thus transferring the 10
RBS words to the selected general storage band. As soon
as this transfer is complete a similarly timed control gate
(RBS erase gate) is applied to gate through a WSP for
each digit of each of the RBS words to operate the erase
circuits and erase RBS to blanks. The card information
gates from the scanning matrix are then gated through
to operate the record windings of RBS. This information
will be transferred to a selected general storage band on
the next read operation. The above control gates are
developed by the buffer storage transfer and erase con-
trols which are activated by read or punch operation
codes.

On a punch operation a PBS erase gate which coincides
in time with PBS, gates through a WSP for each digit of
each PBS word to operate the erase circuits and erase
PBS to blanks. As soon as this erasure is completed,
on the next drum revolution, a similarly timed control
gate (PBS read-in) is applied to diode switching to allow
the 5 to 7 converted B-A output gates of this portion
of a selected general storage band to operate the buffer
storage record circuits thus transferring the information
to be punched to PBS. The information in PBS is
scanned out to punch by repeated usage of a PBS read-
out gate on several successive drum revolutions.

CAPACITOR STORAGE UNITS

In this machine, three major functional units are built
up from the basic capacitor storage *“cells”: the distribu-
tor, the program register or program step storage unit
and the accumulator storage unit. Each of these units
are much the same in principle, although slight differences
exist in methods of read-in and regeneration control.
The principle of operation of this capacitor storage will
be presently explained by reference to Figs. 18, 18a and
61a through 611,

With reference to Fig. 61j, assume the initial circuit
conditions are as follows:

Condenser 216 (Fig. 18) of condenser storage unit
441 (Fig. 61j) (CS1) is discharged. The RODS line is
at —35 volts. The RIDS line is at -+150 volts. Cathode
follower 442 (CF16, Fig. 61i) is conducting at no-signal
level, thus its output, the Q3 Even line is at —35 and,
since there is no charge on the condenser, the junction
between diodes 214 and 215 (Fig. 18) is also at —35.

The RID8 and RODS8 lines are pulsed periodically by
the outputs of inverters 443 (IN6) and cathode fol-
lowers 444 (CF15, Fig. 62j). Timing pulses from timing
rings drive these inverters and cathode followers.

The pulsing of the RODS line provides a positive read-
out gate and is followed by the pulsing of the RID8 which
produces a negative read-in gate. Cathode follower 442
is pulsed under control of the capacitor storage read-in
circuitry and is active only when it is desired to “read in”
to the capacitor.

The capacitor is considered to be storing a binary “1”
when it is discharged and a binary “0” when charged.
Thus reading into a capacitor storage cell requires that
the capacitor be left discharged upon termination of the
read-in gate.

When the read-out (R.0.) gate is applied, the RODS8
line rises to + 10 causing the diode 214 to conduct. This
connects the junction between diodes 214 and 215 to the
RODS line and pulls the junction between diodes 214 and
215 up to +10 volts. This upward shift raises the Q3
Even line momentarily until the capacitor can charge
and allow the Q3 Even line to return to —35 volts along
the capacitor charge curve. This sharp pulse at the Q3
Even line is obtained whenever the R.O, gate tests a
discharged capacitor, Had the capacitor been charged,
no output pulse would appear. Termination of the R.O.
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gate returns the RODS line at —35 volts and effectively
disconnects the junction of diodes 214 and 215 and the
RODS line leaving the RODS line at 410 volts, When
the read-in (R.1.) gate is applied the RID8 line is low-
ered to 10 volts, but with the junction between diodes
214 and 215 at 10 there is no potential difference
across diode 215 and no conduction occurs, thus no path
is available to discharge the condenser. Under these
conditions the condenser remains charged upon termina-
tion of the R.I. gate. A “1” has been read out and a
“0” has been stored.

Cycle 2 also assumes that the condenser 216 is dis-
charged when tested by the R.O. gate and an output pulse
is obtained. Here, however, it is desired to store a “1"
and the capacitor must be left discharged. To accom-
plish this the read-in control circuits cause the pedestal
cathode follower 442 to conduct simultanecusly with the
R.I. gate. This canses the Q3 Even line to be raised
by an amount equal to the pedestal pulse from the output
of cathode follower 442. This positive shift on the Q3
Even line is reflected momentarily through the condenser
to the junction between diodes 214 and 215, Thus when
the RIDS line is lowered to 410 volts by the R.1. gate
the junction between diodes 214 and 218, which was at
410 volts is simultaneously raised to 55 volts by the
pedestal pulse. Under these conditions diode 215 con-
ducts and the condenser discharges through diode 215
and the cathode resistor of cathode follower 442 while
sitting on top of the pedestal. At the termination of the
pedestal pulse, the Q3 Even line and the junction between
diodes 214 and 215 are lowered to —35 volts. The con-
denser has been discharged during the R.I. interval and
a “1” is stored.

Because a capacitor will not maintain a charge indefi-
nitely, capacitor storage is a “non-sustaining” type of
storage requiring periodic regeneration. In this machine
each capacitor has a R.O. gate and a R.1. gate applied to
it once every word interval (96 microseconds) in the
case of the distributor and program step storages and
once every two word intervals (192 microseconds) in the
case of the accumulator storage. When the capacitor
storage unit is required to read out and retain its infor-
mation for several word intervals each cell must be re-
generated once each word. This is accomplished by caus-
ing the output pulse obtained when a “1” is read out, and
which is available several microseconds before R.1 time,
to actuate the read-in control circuits so that a pedestal
pulse is obtained simultaneously with the R.I. gate. Thus,
when regenerating, any time a “1” is read out a pedestal
is obtained and a “1” is read back into the same capacitor.
If a “0” is read out, no output pulse is available to actuate
the read-in control circuits, no pedestal is obtained and a
“0” is read back in.

‘When it is desired to read a new word into a capacitor
storage unit the path between the output pulse and the
read-in control circuits is blocked, and the read-in con-
trols and consequently the pedestal cathode followers are
actuated by information pulses from the read-in source,

The principles of this capacitor storage are described
more fully and claimed in the copending application of
Roy L. Haug and Charles W. Allen, Serial No. 445,221,
filed July 24, 1954, and assigned to the present assignee.

The following sections will describe how several ca-
pacitor storage cells are combined and controlled to form
a bi-quinary, serial storage unit capable of storing the
digits of one or two words.

The distributor

Figs. 61a through 611 show the circuits comprising the
distributor and its regeneration, read-in and reset con-
trols. The unit consists of a capacitor storage matrix,
even and odd digit amplifiers and blocking inverters, early
latches, on time latches and pedestal cathode followers
together with entry switching and read-in and regenera-
tion controls.

10

15

20

25

30

36

40

46

60

b5

80

85

70

{]

52

The matrix is made up of eleven columns of seven
capacitor storage cells. There is one column for each
digit storage position and one cell in each column for
each bi-quinary bit. The distributor is required to store
eleven digits, DO being the sign storage position.

The seven cells of each column have their R.O. ter-
minals commoned and driven by a “1 digit early” gate
and their R.I. terminals commoned and driven by an “on
time” digit gate.

The capacitor terminal of each of the even digit cells
in a bi-quinary row connects to a common pedestal line
controlled by a pedestal cathode follower. The same is
true of the odd digit cells.

For purposes of explanation, assume that the distributor
has been reset and is storing plus zeros. In this case the
DO position contains a 9 {only the B5 and Q4 capacitors
are discharged). All other digit positions contain zeros
(B0 and QO capacitors discharged).

At DX time a B-A, R.O. gate is applied to the D0 posi-
tion. The BS and Q4 capacitors charge, developing ca-
pacitor charge “spikes” across the resistor in the corre-
sponding pedestal cathode followers 445 (Fig. 61e) and
446 (Fig. 61i). These “spikes” drive their correspond-
ing even digit amplifiers, double inverters 447 and 448
(INS’s), Figs. 61h and 61/, which are free to operate
since their blocking inverters 449 and 451 (IN3’s) nor-
mally only conduct during even digit time intervals. (DX
is an odd time interval.) These amplifier outputs through
cathode followers 452 and 453 (CF4's) turn on the corre-
sponding B5 and Q4 early latches 454 and 455, respec-
tively, Fig. 61c. These latches stay on for the remain-
der of the DX interval and are reset by an inverted
AP through the associated reset inverters 456 and 457
(IN3's), Fig. 61d. The early latches while on, furnish
a distributor early output. When the early latches go
off at “a” time, the corresponding on time latches 458
and 459, Fig. 61b, are pulled on by a pulse from the
left anode of the early latches through capacitor coupled
inverters 461 and 462 (IN9's), These on time latches
are held on until the next “g” time through a latch back
circuit through switches 463 and 464 controlled by a NAP,
and while on furnish an on time output during DO time.
The on time latch outputs also switch at switches 465 and
466 (Figs. 61e and 61i) with NAP’s and (in this case)
an even digit gate to raise the B35 and Q4, even digit pedes-
tal lines during DO time. This raising of the pedestal
lines coincides with the DO R.I. gate on the DO position
and allows the B5 and Q4 capacitors to discharge on top
of the pedestal as explained above. The even digit am-
plifier blocking inverters 449 and 451 are conducting
during DO time while the even digit lines are being pedes-
talled, thus preventing the amplifiers from responding to
the pedestal pulse and incorrectly turning on the early
latches,

At the same time the D1 position (an odd position)
is being read out through the odd digit amplifiers and the
above process is repeated with read-out occurring at D0
and read-in at D1 time. The BO and QO latches will be
active since the BO and QO capacitors were discharged.

This process of reading out one digit early, reading in
on time and pedestalling two of the seven lines during
read-in time from the on time latches is repeated for each
digit position. Each column of capacitors is tested once
each word interval and thus is required to maintain its
state of charge or discharge for 96 microseconds.

In this way a number stored in the unit is continuously
available from the early and on time outputs and is con-
tinually regenerated.

Reading a new number into the unit merely requires
that the circulating regeneration path be opened and that
two of the seven pedestal lines be operated each digit
time by on time pulses from the source of the informa-
tion instead of pulses from the distributors’ own output.

This is accomplished by the distributor read-in and re-
generation controls, Fig. 614, In the case of the distrib-
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utor, regeneration is interrupted by causing the output of
the regeneration control latch 467 to energize all of the
even and odd digit amplifier blocking inverters through
mixes 468 and 469 and through cathode followers 471
and 472 so that the outputs from the capacitor matrix
cannot turn on the early latches. With the early latches
blocked, the on time latches cannot be turned on by out-
puts from the distributor and regeneration is prevented.
Instead, an output from either of the distributor read-in
control latches 473 and 474 (R.I. Dist. from Stor. or
R.I1. Dist. from ACC) will open up read-in switching
Fig. 61a, allowing the on time latches to be turned on
by on time output pulses from either selected storage or
the accumulator. When regeneration is interrupted in
this way, by blocking the turning on of the early latches,
it must be done by a gate which is one digit early with
respect to the gate which opens the read-in switching.

The distributor can be read into from two sources:

(1) Selected storage which includes any general stor-
age location, the storage entry switches (8000) and upper
or lower accumulator when selected by an 8002 or 8003
address.

(2) Directly from the accumulator on time output.

The selected storage source is used to enter informa-
tion into the distributor on all arithmetic operations (10’s
and 60's codes). The first step of any ar.thmetic opera-
tion is the entering of the operator or operand into the
distributor from a storage location specified by the data
address. The operator or operand is then available from
the distributor outputs for use in accomplishing the opera-
tion.

The direct, accumulator on time, output source is used
to enter information into the distributor from the ac-
cumulator on store accumulator operations (codes 20, 21,
22, 23).

On 10’s and 60’s operations, a signal is sent from the
program control commutator to operate the distributor
read-in and regeneration controls. This signal is sent at
the beg'nning of the word time when the storage location
containing the data to be entered is in position to be read
out and occurs at DXB time.

Fig. 60 shows a timing chart of this action.

To enter this sclected word of information into the
distributor, the d’stributors’ selected storage entry switch-
ing must be open for DO through D10 of the selected
word interval and its regeneration path must be blocked
from DO through D9 time. Figs. 60 and 614 show how
the storage to distributor read-in signal (DXB) turns on
the storage to distributor read-in latch 473 and in turn
the distributor regenerat'on control latch 467 to provide
the necessary read-in and regeneration blocking gates.

The read-in gate is actually open for most of the DX
interval although not needed until DO time. No output
is available from any general storage location or the
switches at DX time, and any DX output from the ac-
cumulator is a zero. A zero at DX time would only turn
on the B0 and Q0 on time distributor latches which are
forced on at DX time by the distributor reset circuit
which includes inverters 475 and 476, Fig. 61c, to provide
an on time distributor output at DX to satisfy the dis-
tributor validity check circuits.

Regeneration is not blocked for DX time when the
distributors’ sign position is being read out because the
signal from program cannot be developed in time to ac-
complish this. Instead a DX reset circuit holds the Q3
and Q4 early latches off for every DX interval. 'Thus the
corresponding on time latches will not be affected by the
early latches at D0 and w1l respond only to the Q3 or Q4
pulse from the sign position of the selected storage unit.
The B5 early latch is allowed to turn on at DX and in
going off will turn on the on time B3 latch. This causes
no failure since the B35 on time latch would be turned on
by the B5 pulse from the DO position of the selected
storage unit,
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The storage to distributor readi-n latch and the regen-
eration control latch are turned off with a D10DP. Fig.
60 shows them dropping at D10D time. Actually they
taper off. since time is required for a latch to transfer,
and cannot be considered fully down until the end of
D10 time. Thus the read-in gate is up through D10 as
required. The regeneration blocking gate is also held
through D10.

On store operations (20 codes) a gate developed by
the program control commutator activates the distributor
read-in and rcgeneration controls for the particular code.

On a store lower operation (code 20) it is necessary
for the read-in switching to be open from DOL through
D10L and for regeneration to be blocked from DOL
through D9L. It is desirable that regeneration also be
blocked for DXL although not necessary because of the
reset circuit mentioned above,

Since, in the case of the 20 codes, the gate from pro-
gram js available in time to do it, the regeneration latch
is turned on at DXL, in time to blank regeneration for
DX as well as the necessary DO and D9. Read-in switch-
ing is not opened until DO time thus there are no ac-
cumulator on time DX pulses available to turn on the
distributor B0 and QO on time latches for a DX on time
zero output. Examination of the distributor reset con-
trols shows that the BO and QO on time latches are forced
on at every DX, in order to have an on time zero output
available to satisfy the validity check circu'ts,

On a store upper operation (code 21) the timings of
the gates are the same as for code 20, except that they
must include an odd word interval rather than an even,
Thus the read-in switching will be open from DOU
through D10U and regeneration will be blocked from
DXU through D9U.

On a store D operation (code 22) the read-in switching
must be open for D5 through D8 and regeneration blocked
for D4 through D7.

On a store I operation (code 23) the read-in switching
must be open for D1 through D4 and regeneration
blocked for DO through D3.

Scparate distributor read-in and regeneration controls
are prov'ded for the store codes. An accumulator to
distributor control gate is developed by program control
whose timing depends on the Op. code and is different for
each code as shown in the timing chart of Fig. 60. This
gate is the output of the accumulator to distributor con-
trol double latch 477 (Fig. 81%). For 20 and 21 codes
it is turned on with a D10DP and off with a DSDP. For
code 22 it is turned on by a D3DP and off with a D7DP,
For code 23, on with a DXDP and off with a D3DP.
Because time is required for the latch to transfer its out-
put in each case is available to the distributor slightly
before “a” time. Capacitor coupled cathode follower
pulses from the inverter anodes of this double latch sup-
ply the start accumulator to distributor R.I. and end ac-
cumulator to distributor R.I. signals which are used to
operate the distributor regeneration control latch 467
(Fig. 614).

The accumulator to distributor R.I. control gate, in
each case, is developed approximately one digit early by
program control. This is done to eliminate the effect of
any time shift in the control gate as it is transmitted from
program control to the distributor. This carly control
gate is then delayed by the action of the accumulator to
distributor R.I, delay latch 478 and thc accumulator to
distributor R.I. latch 474 to provide the exact rcad-in gate
needed. This delay action is shown in the timing chart of
Fig. 60.

Whenever a manual accumulator reset pate is de-
veloped by depressing either the accumulator reset key
479 (Fig. 74b) or the computer reset key 481 (Fig. 74b)
on the control console, the distributor is reset to plus
zeros. This is done by holding the Q1, Q2, Q3 on time
latches off for all digits during manual accumulator
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reset; the BS, Q4 latches on and the B0, QO latches off
for DO during manual accumulator reset; the B0, QO
latches on and the BS5, Q4 latches off for all digits except
DO during manual accumulator reset. Fig. 61c shows
the switching of manual accumulator reset with DO and
NEDO at switches 482 and 483 to accomplish this re-
setting.

The numbers at the lines leaving or entering the dis-
tributor drawings (Figs. 61a through 61/) are the Fig.
numbers to which or from which the lines go or come.

The program register

The program register or program step storage shown
at Figs. 62a through 62/, is a 10 digit capacitor storage
unit similar to the distributor. It consists of a 10 digit
capacitor storage matrix with positions for storage of
digits 1 through 10 (no sign is stored), even and odd
digit amplifiers and blocking inverters, early latches,
on time latches, pedestal cathode followers, entry switch-
ing and read-in, regeneration and reset controls.

As in the distributor, one digit early capacitor read-
out spikes from two of the seven capacitors in a digit
column drive the even or odd digit amplifiers causing
the corresponding early latches to be turned on. These
latches are normally turned off at the end of the early
digit time by an inverter AP, and while on provide the
program step early output. The early latches in going
off cause the corresponding on time latches to be turned
on through capacitor coupled inverters. The on time
latches remain on until the next “q” time through a latch
back circuit controlled by a NAP, and while on provide
the program step on time output. The outputs of these
latches also switch at switches 484 (Fig. 62a) with a
program pedestal regeneration gate (normally open ex-
cept when closed during a TLU operation) to drive
amplifiers 485 (Figs. 62¢ and 62i) whose outputs switch
with NAP and even or odd digit gates as the case may
be, to operate the pedestal cathode followers. The out-
put of these on time amplifiers 485 is also the input to
the address register. Thus as long as the even and
odd digit amplifier blocking inverters are not held in
conduction and the TLU program regeneration gate is
open, a circulating regeneration path is possible where-
by the stored information is continuously regenerated
and made available from the early and on time outputs.

Note that the switch, cathode follower, inverter driv-
ing circuits of Figs. 62i through 62! which provide the
R.O. and R.1. gates also drive the distributor.

The primary function of the program register is to
receive and store an instruction word from a selected
storage location and make the OP-D and I portions of
this word quickly available to the operation and address
registers for interpretation. During TLU operations the
D portion of the instruction word in the program reg-
ister is altered by merging the contents of the program
register with special digits, in the adder, and storing the
altered word back in the program register.

Thus the program register can be read into from two
sources:

(1) Selected storage on a control commutator I half
cycle,

(2) The adder during table look-up.

Two separate sets of program register read-in and
regeneration controls are provided for these two con-
ditions.

On a program register read-in from selected storage
(RIPS), program register read-in switching and regen-
eration blocking are accomplished in the same manner
as for the distributor. A Read In Program Step (RIPS)
latch 486 (Fig. 62b) is turned on by a signal from
program control at the beginning of the word time when
the selected storage location is in position to read out.
The output of this RIPS latch opens the read-in switch-
ing to the on time latches and turns on a program re-
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generation control latch 487 (Fig. 62!) whose output
blocks regeneration by holding the even and odd digit
amplifier blocking inverters in conduction. Both the
RIPS and program regeneration control latches are
turned off with the next WP, through reset inverters 488
and 489.

During table look-up operations regeneration cannot
be blocked between the matrix and the early latches be-
cause a program register early output is needed for entry
into the adder, Instead the path between the on time
latch outputs and the pedestal cathode followers is
opened and on time information from the adder output
is substituted. This is accomplished by the TLU pro-
gram regeneration and TLU program add gates and the
associated switches 484 and 491 and mixes. These gates
are the output of separate TLU program regeneration
and TLU program add latches, part of the arithmetic
control circuits,

The timing of the program register read-in and re-
generation conirols is shown in Fig. 63.

All digit positions of the program register are reset
to zeros when the manual program reset gate is de-
veloped. This gate is developed whenever either the
program reset key or the computer reset key on the
control console is depressed. This resetting is accom-
plished by the reset inverters 492 (Fig. 62c) associated
with the BS, Q1, Q2, Q3 and Q4 on time latches and
the extra mix diodes in the input circuits of the BO
and QO latches. This circuitry holds the B0 and QO
latches on and the others off during the manual ac-
cumulator reset gate duration. Regeneration is not in-
terrupted during reset so the BO and QC lines are ped-
estalled for each digit interval resulting in zeros being
placed in each digit position,

The accumulator

The accumulator, Figs. 64a through 64, is a capacitor
storage unit similar in principle and circuitry to the
distributor and the program register except that it has
capacity for two words of storage. The lower accumu-
lator has twelve storage positions, DXL, DOL, and DIL
through D10L positions. The upper accumulator has 10
positions, DIU through D10U. There is a two digit
time gap between the DI0L and D1U positions since
there are no DXU or DOU storage positions. The tim-
ing chart for the accumulator is shown at Fig, 65.

The accumulator consists of a 22 digit capacitor stor-
age matrix, even and odd digit amplifiers and blocking
inverters, early latches, on time latches, read-in and re-
generation switching, pedestal cathode followers and
reset controls. Stored information is continuously re-
generated as long as the even and odd blocking in-
verters are not held in conduction and the accumulator
regeneration gate is up. As with the distributor and pro-
gram register, regeneration is accomplished by allowing
the on time latch outputs to control the pedestal cathode
followers. ’

All read-in to the accumulator is to the pedestal
cathode followers, controlled in the same manner as the
TLU program register read-in operations, i.e., accumu-
lator regeneration is turned off, opening the path between
on time latches and pedestal cathode followers, and ac-
cumulator read-in is brought up, closing the path between
adder output and pedestal cathode followers, The adder
output is substituted for the on time latch output and
read-in from the adder takes place.

It is also possible to control the pedestal cathode fol-
lowers from the accumulator early latch outputs. 'This
is done when the accumulator regeneration gate is turned
off and the right shift gate is developed and is used to
accomplish a right shift operation.

The accumulator regeneration, accumulator read-in
and right shift latches which develop the read-in and
regeneration control gates are part of the arithmetic con-
trol circuits and thus are not shown with the accumulator.
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The accumulator is read into during the execution of
the following codes:

10, 11, 14, 15, 16, 17, 18, 60, 61, 64, 65, 66, 67, 68
(Add, Subtract, Multiply and Divide operations)

30, 31, 35, 36 (Shift operations)

84 (TLU)

Arithmetic controls for each of these operations will
therefore operate the accumulator regeneration latch and
accumulator read-in latch. Codes 30 and 31 will also
use the right shift latch,

The operation of these control latches will be dis-
cussed later in connection with the description of the
specific operation.

Several special circuits, not found in the other capaci-
tor storage units are associated with the accumulator to
handle conditions arising because of its design and use.
These circuits will be discussed in the following para-
graphs.

Because there are no DXU and DOU accumulator
positions, the D1U position is read out at DIOL time
(one digit position early). DIU cannot be read-in until
D1U time. The early latches, therefore, must not be
reset during DXU and DOU time. To accomplish this
the AP’s which control the early latch reset inverters
493 (Fig. 64d) are switched with a N(D-10cL-D0cU)
gate. (Negative digit 10 lower “c” to digit 0 upper “c”.}
This is a gate which is up for “a” time of all digits
except DXU and DOU. Thus AP's are supplied to reset
the early latches except at DXU and DOU times. On
all operations requiring an accumulator entry to the adder,
except the left shift codes (35 and 36), the accumulator
early output is used. On these operations therefore, the
D1U information contained in the early latches is pre-
sented to the adder for three successive digit time inter-
vals, DI0L, DXU and DOU. It will be seen later, when
the adder circuits are described, that the adder does not
accept this information for analysis until D0 time. Reset
of the adder carry latches is prevented during DXU and
DOU time so that their carry or no carry information
set up from the D10L digit is still available at DOU time
for use with the D1U information to provide the correct
result.

Because of the lack of DXU and DOU positions and
of the above behavior of the early latches during DXU
and DOU time, there is no normal input to the on time
latches at DXU and DOU times. To satisfy the validity
check circuits an on time DXU and DOU output of zero
is created by forcing the BO and QO on time latches on
with DXU and DOU gates. This is accomplished
through the mix circuit inputs 494 and 495 (Fig. 64c) to
these two latches.

On reset add or subtract operations it is necessary to
disregard the number which may be in the accumulator
and to merge, in the adder, the contents of the distributor
with zeros substituted in place of the contents of the
accumulator. This result is then stored back in the ac-
cumulator., The number in the distributor has been
placed in the accumulator and the effect of an add or
subtract with reset has been accomplished. This action
is controlled by the reset gate which accompanies every
“with reset” operation. This gate does three things:

(1) Switches with NAP's at switch 496 (Fig. 64d)
to effectively produce a succession of B-A digit gates
which through cathode follower 497 turn the early BO
and QO latches on and force zeros on the accumulator
early output lines (for entry into the adder).

(2) Prevents the matrix output from turning on the
early latches by causing all even and odd digit amplifier
blocking inverters 498 (Figs. 64¢ and 64j) to conduct.

(3) Mixes at mix 499 (Fig. 644) to become one of
the conditions which operate the double inverter 501
(Fig. 64¢) and cathode followers 502 whose purpose is
to force zeros into the on time latches to satisfy the
validity check circuits.
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On a shift and count operation the high order position
of the accumulator is checked for a zero condition. If
zero, the shift count latch is turned on and the operation
proceeds, If not zero, no shifting is required to bring
the highest significant digit into the high order position
and the shift count, which is stored in the DIL and D2L
positions of the accumulator, is 00. A signal from the
no shift count latch is switched with D1L and D2L gates
at switch 503 and mixed at mix 499 (Fig. 64d) to oper-
ate the double inverter 501 and cathode followers 502
(Fig. 641} for these two digit times, placing zeros in the
on time latches for regeneration into the DIL and D2L
positions.

On manual accumulator reset operations, a manual
accumulator reset gate, which is produced by depres-
sion of either accumulator reset or computer reset keys
on the control console, is mixed at mix 499 to operate
the double inverter 501 and cathode followers 502. This
forces zeros into the on time latches for each digit
during the full two accumulator word times. These on
time latch zeros are regenerated into the matrix thus
resetting the accumulator.

The DOL position of the accumulator is not used for
storage of the sign. Each time a number is entered into
the accumulator its sign is determined and held in the
accumulator sign latches, described in a later section.
The output of these latches determines in part whether
the next accumulator entry to the adder will be true or
complement. The output of these latches also causes
either a bi-quinary 8 or 9 to be inserted into the accu-
mulator on time output lines at 00 time for transfer to
the distributor.

The DOL position is used on multiply, divide and
shifting operations to hold the shift count. The DXL
position is used on multiply and divide to keep track
of the number of multiplicand additions or divisor sub-
tractions.

THE ADDER

The adder is used in the accomplishment of all arith-
metic operations (10’s and 60’s except 69), the shift
operations (30’s) and the table look-up operation (84).
There are two 7 bit, bi-quinary input lines, and one 7
bit, bi-quinary output line associated with the adder.
Bi-quinary digit information is presented to the adder
simultaneously on each of its two inputs. The bi-quinary
sum or difference of the digits presented, is available
from the output. The information entering the adder is
presented digit by digit, from any of the several serial
storage sources which have data flow paths connecting
their outputs to an adder input. The selection of the
source of information to be presented and the time of
presentation to the adder are the functions of the A and
B input switching circuits. These circuits are opened
and closed, thus gating information to the adder, by
control gates developed by the program control and
arithmetic control circuits. A delay of one digit time is
incurred in the adder, i.e., the sum of two digits is avail-
able from the output one digit time after they have
entered the inputs. The design of the Adder is such
that information must be presented simultaneously at
the two inputs to obtain an output signal.

Bi-quinary arithmetic

The adder, Figs. 68a through 68i, uses only the basic
arithmetic operation of addition to accomplish all cal-
culations. Subtraction is achieved by entering ome of
the two numbers as a complement. Multiplication is
done by over and over addition of the multiplicand.
Division requires repeated subtraction of the divisor
from the dividend. Thus the serial, one digit adder need
only have the ability to receive two simultaneous, bi-
quinary indications of digit values; combine them with
a stored “carry” or “no-carry” indication from the pre-
ceding digit analysis, and produce a bi-quinary indica-
tion of this result. To understand how this is accom-
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plished the following review of bi-quinary addition with
decimal system comparisons is included.

Addition:
12345+67800=80235
Decimal Bi-Quinary
D$| D4|{ D3| D2| D1{D5(D4|D3|D2| D1
1MLl Jaisis
T)2|3 (45 61]02]03]|04]s50
6l7 (8 |o|oj6e1|62[53(54(00
8|0 |2 |35 |63|o00[oz]o03]s0
Subtraction:
80235-67800=12345
Decimal Bi-Quinary
D7 | Ds |D5|D4| D3| D2|D1|D7|D6|D5|D4| D3| D2| D1
1 1 Lppsipsig s 1 b
0 o {8loj2|a|ls5 0| jsMm|low]e|| W
o | o |3|211|ofo|s4|6¢|os{o2{01{00| 54
o | o |112]3|4 |5 |o0|ooforfoz|os]|0os] 50

Note that on all additions involving a complement a
“Carry” is inserted in the units position.

The digits to be added are presented in bi-quinary
form. Each decimal digit is represented by simultaneous
B-A information gates on two of the seven bi-quinary
lines, one gate on one of the lines of the binary level
and one on one of the lines of the quinary level. The
quinary levels are added. In the quinary (base 5 level)
the only values possible are 0, 1, 2, 3 and 4. When-
ever a quinary sum exceeds 4, a carry into the binary
level occurs, the quinary returns to 0 and again begins
to advance toward 4.

Each of the two positions in the binary level repre-
sents a count of five unmits. That is, the two binary
indications alternate to show whether the value repre-
sented by the quinary level is below five (0, 1, 2, 3 or
4) or five and above (5, 6, 7, 8, 9). Because the binary
level counts in units of five, any carry from the quinary
level to the binary will be a five unit carry. Similarly,
because the quinary level counts units of one, any carry
from a binary level to the quinary of the next digit will
be a one unit carry.

Subtraction is accomplished by adding the comple-
ment of the number to be subtracted. The table below
shows the bi-quinary complements of the ten decimal
digit values.

Decimal Value Bi-guixmry C%gl‘iém;gt
orm plem:
0 0 5 4
0 1 5 3
(1} 2 ] 2
[1] 3 5 1
0 4 § 0
8 [ 0 4
5 1 0 3
5 2 0 2
[ 3 0 1
5 4 0 L]

Notice that in the binary level BO and BS are comple-
mentary while in the quinary level Q0 and Q4 are com-
plementary as are Q1 and Q3. Q2 is its own comple-
ment. The fact that the two levels are diagonally com-
plementary makes complement entries to the adder quite
simple. It is only necessary to allow the information
gate from the source to enter the adder on the diagonally
opposite adder input lines. The result is the entry of a
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9’s complement. However, as indicated in the preced-
ing subtraction example, a carry indication is inserted into
the adder so that its analysis of the unit's digit is the
same as if a carry had been left over from a preceding
digit. 'This is done on any complement entry and the
effect is the same as if a 10’s complement had been
entered.
Adder A and B entry switching

Figs. 66a through 66d show that adder entry switch-
ing A provides six different data flow paths, namely se-
lected storage output, accumulator on time output, units
position of address register (comp.), program step early
output, and accumulator early output both true and com-
plement, to the adder A input lines. Figs. 67a through
67d show that adder entry switching B provides four dif-
ferent data flow paths, namely the special integer entry
distributor on time output, and the distributor early out-
put both true and complement, to the adder B input lines.
The control gates for controlling these entries are devel-
oped by the arithmetic control circuits in accordance with
the operation being executed. The development of these
control gates will be discussed in a later section on arith-
metic controls, Thus for any given arithmetic operation
the control gates will select the data flow paths and will
open these A and B switching circuits at the proper times
and for the necessary intervals to supply information to
the adder as required by the operation.

Adder circuits

The one digit adder, shown at Figs 68a through 68i,
consists of diode switch and mix circuitry, carry and no-
carry latches, binary and quinary output latches, reset
controls, carry and no-carry insert controls and adder
output latch zero insert controls.

In effect the bi-quinary addition tables are built into
the adder. For a particular pair of bi-quinary inputs only
one bi-quinary output, which is the sum of the inputs, is
obtained.

During a digit interval when information is presented
to the adder two of the seven bi-quinary input lines, at
both A and B inputs, are raised. Either the carry or the
no-carry latch will be on as a result of the preceding digit
analysis or as a result of a carry or no-carry insert.
Quinary inputs are analyzed in the quinary matrix. Simi-
lar A and B quinary inputs are mixed at mixes 508 (Figs.
682 and 68)) to give A or BQO, Aor BQl, Aor BQ2,
A or B Q3, or A or B Q4 signals from the cathode fol-
lowers (Figs. 68g and 68j) whose outputs are so labelled.
When the A and B quinary inputs are not the same, two
of these cathode followers will be energized. All com-
binations of two or these five cathode followers are
switched at switches 506, 507, 508, 509, 511, 512, 513, 514,
515 and 516 (Figs. 68k and 68l) to operate the quinary
sum cathode followers (Figs, 684 and 68i) and indicate
aquinarysumof1,2,3,4,5 6or7. Whenthe A and B
quinary inputs are similar they are also switched at switch-
es 517, 518, 519, 521 and 522, and mixed where neces-
sary, to operate the quinary sum cathode followers and
indicate a quinary sum of 0, 2, 4, 60or 8. The 0, 1,2, 3
and 5, 6, 7, 8 quinary sums are separately mixed at mixes
523 and 524 (Fig. 68/) to give “below 5” or “5 and
above” inputs to the binary matrix,. The Q4 sum is
switched at switches 525 and 526 with carry and no-carry
signals. These switch outputs are separately mixed into
the “below 5” and “5 and above” cathode followers.
Thus a Q4 sum and no-carry is “below 5 while a Q4
sum and a carry is “5 and above.” The quinary sum sig-
nals 0 and 5, 1 and 6, 2 and 7 and 3 and 8 are mixed at
mixes 527, 528, 529 and 531 to provide with the Q4 sum
the five signals for operation of the quinary output latches.
These signals are all separately switched at switches 532
through 539 and 541 and 542 with carry or no-carry D
pulse signals to turn on the quinary latches, e.g., 0 or 5
and no-carry turns on QO while 0 or 5 and carry turns
on Ql, etc.
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Effectively then, the three pieces of information neces-
sary for turning on a quinary latch (quinary A input,
quinary B input and carry or no-carry) are available dur-
ing the adder entry digit interval and are sampled at the
end of this interval with a DP. Thus during “d” time of
the adder entry digit interval, coincidence of signals exists
at one of the quinary latch input switches. This positive
DP output from the switch is inverted by inverters 543
through 547 to a negative DP and applied to the grid of
a capacitor coupled inverter §48 which is normally cut
off. A negative output is required from this inverter to
pull the latch on. Thus the latch 549, 5§51, 552, 5§53 or
554 is turned on, not during signal coincidence, but when
coincidence is removed. This happens with the beginning
of the next digit interval as the DP and the input and
carry or no-carry signals terminate. It is the fact signal
coincidence was established and then is removed from
one of the latch input switches, which causes the latch
to turn on.

Any adder latches which are on (binary, quinary and
carry or no-carry) are reset at “a” time of every digit
interval as long as the adder reset control latch 555 (Fig.
68a) is not on. This reset is done by removing coin-
cidence from the latch back switches with NAP’s, When-
ever it is desired to prevent resetting these latches the
adder reset control latch is turned on. Its output mixes
to shunt the NAP’s and hold the reset line up.

The time constant of the capacitor coupled inverter
grid circuit is sufficient to supply a latch “pull on” pulse
of approximately 4 microseconds’ duration. As explained
above, this pulse is acting to turn the latch on during the
time that the NAP is resetting the latches, However,
since the inverter pulse is of longer duration than the
NAP it over-rides it, holding the latch on during the NAP
reset time and allowing it to latch on once the latch back
circuit is again opened at the termination of the NAP.

In this way, information which enters the adder during
a given digit time is analyzed, combined with a carry or
no-carry indication held over from the preceding digit,
and transferred to the output latches at the beginning of
the next digit interval. This information in the adder
latches is available during the remainder of this “next
digit interval,” for transfer to accumulator, etc,

Notice that the information contained in the carry and
no-carry latches 5§56 and 557 (Fig. 68e), regarding the
carry or no-carry status of the preceding digit, is used to
set up the quinary latch for the new digit, at the time
when the sampling DP terminates. The carry, no-carry
latches are therefore free at this time, to be reset and
set up with new information regarding the carry status
of the new digit.

Returning to the adder entry terminals, at the same
time that the quinary matrix is being energized by the
quinary A and B inputs, the binary matrix is also ener-
gized by simultaneous binary A and B inputs. Again,
three pieces of information must be analyzed to proper-
ly determine the binary sum and the carry, no-carry con-
dition to be stored for the next digit. If one A or B in-
put is BO and the other BS, the input sum is 5. This
“B0 and B5" signal is produced by the switch-mix-cathode
follower circuitry 558 (Fig. 68j) associated with the BO
and BS5, A and B input lines, This signal is switched at
switches 559 and 591 (Fig. 68¢g) with a “below five”
signal from the quinary matrix and a sampling DP to
yield a “B5 and No-Carry” sum. It is also switched at
switches 562 and 563 with an “above 5” indication from
the quinary matrix (this is the five unit carry from
quinary to binary) and a DP to yield a “B0 and Carry.”
If both A and B inputs are B0, this 0 input sum is
switched at switches 564 and 565 with “below 5” and DP
to give “B0 and No-Carry” and at switches 566 and 567
with “above 5” and DP to give “B5 and No-Carry.” The
other possibility is that both A and B inputs may be BS5.
In this case this B0 sum (B5-+B5=B0 and carry) is
switched at switches 568 and 569 with “below 5” and DP
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to give “B0 and Carry” and at switches 571 and 572 with
“above 5" and DP to give “B5 and Carry.” These four
possible binary matrix output signals (0 and NC, ¢ and C,
5 and NC, § and C) are available as DP’s from the four
cathode followers 573 through 576. These cathode fol-
lowers energize the input circuits to the binary latches
877 and 578, (Fig. 685) and the carry and no-carry
latches 8§56 and 557 in the same way that the quinary
latches were energized, i.e., the termination of signal
coincidence produces a latch “pull on” signal which over-
rides the NAP reset.

In this way, as with the quinary latches, the new digit
is set up in the binary latches, and the new carry or no-
carry indication in the carry and no-carry latches during
the beginning of the next digit interval following adder
entry. This new information is available from these
latches during the remainder of this “next digit interval.”

As explained above, three input signals are required to
energize the binary matrix; a binary A input, a binary B
input and an above 5 or below 5 input from the quinary
matrix. If any one of these three inputs is blocked, there
will be no output from the binary matrix to alter the
status of the binary latches or the carry and no-carry
latches.

If the blocking inverters 579 and 581 (Fig. 68g) as-
sociated with the above 5 and below 5 amplifiers are
caused to conduct, they will block entry of the above §
or below signals to the binary matrix and thus prevent
an output signal. This will prevent the status of the
carry and no-carry latches from being alicred.

This blocking action is used on those occasions where
it is desired to prevent the normal resetting of the adder.
When the adder reset control latch 555 is turned on, not
only is the NAP reset blocked as previously explained,
but also the above and below 5 blocking inverters are
energized by the output of this latch. The carry and no-
carry latches are thus protected so that they will still
contain the carry-no-carry indication of the last digit
analyzed, even though several digit intervals pass before
analysis of the next digit.

The switch circuitry controlling the adder reset control
latch is arranged to turn the latch on through switch 585
from DI10LB to DOUB on any operation other than left
shift or table look-up. On a left shift operation the latch
is turned on through switch 582 (Fig. 684) from DXUB
to DIUB, and on a TLU operation it is prevented from
turning on at all by a signal through mix 583 and in-
verter 584.

The need for these adder reset controls is brought
about by the two digit gap in the middle of the accumu-
lator at DXU and DOU. On all arithmetic operations ex-
cept TLU, the accumulator must supply its two words of
information to the adder. On all of these operations ex-
cept left shift, the accumulator “carly” output is used.
On left shift the “on time” output is used.

When the accumulator early output is used to supply
the adder, the information to be analyzed must be pre-
sented to the adder one digit time early, so that an “on
time” output will be available from the adder for storage
back in the accumulator. It will be recalled from the dis-
cussion of the accumulator that the DIU position is
read out at D10L time and this information stored in the
accumulator early latches which are not reset until DIUA
time. Thus the D1U information is actually read out
three digit times early but is still available for presenta-
tion to the adder at the normal *“one digit early” time,
DOU., When this DIU information is accepted by the
adder at DOU time, the carry and no-carry information
from D10L must still be available for use by the adder in
properly analyzing the D1U information.

This information will still be available in the adder
carry, no-carry latches if they have not been reset and
have not received any new signal. This blocking of any
possible alteration of the carry status is accomplished by
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the “not left shift” control of the adder reset control
latch.

On the left shift operation the accumulator “on time”
output enters the adder. It is merged with zeros from the
B input and is available from the adder output one digit
time later, to be stored in the accumulator one digit posi-
tion to the left of its original location. In this case the
D10L position of the accumulator is read out at DL
time but held in the early latches during D9L time and
is presented to the adder from the on time latches during
DI10L time. For proper left shift operation the D10L in-
formation must be available from the adder output at
D1U time, for storage in the D1U position of the accumu-
lator. The D10L information cannot be held in the “on
time” latches since they are reset at DXUA time. There-
fore the D10L information must be transferred to the
adder latches by normal adder action at DXUT time and
held there through D1U time. The status of the adder
latches must not now be allowed to change until after
D1U time, when their information is read into the ac-
cumulator. The D1U position i8 read out to the early
latches at D10L time as usual and stored there until
transferred to the on time latches when the early latches
are allowed to reset at DIUA time. This D1U informa-
tion is presented to the adder from the on time latches
during D1U time and the carry or no-carry indication
from D10L must still be available at this time for proper
analysis of the D1U information. This carry, no-carry
indication will still be available in the carry, no-carry
latches if they are not allowed to change until after D1U
time.

To accomplish this, no new information must be pre-
sented to the adder latches during DXU and DOU time,
and none of the adder latches must be reset at DOUA or
DI1UA times.

The left shift gate is closed at DX and DO time, in-
suring that no new information will enter the A input
during these times, thus blocking any new input to the
adder latches. The adder reset control latch is controlled
to block latch resets at DOUA and DI1UA times.

On TLU operation the NAP adder reset must not be
blocked at all. Information enters the adder from gen-
eral storage or program register and the need for special
treatment of DXU and DOU times is not present, The
TLU “on” gate from the TLU control latch in the arith-
metic control circuits holds the adder reset latch off
through the blocking inverter 584.

The carry insert—no-carry blank and no-carry insert—
carry blank circuits are used to force carry or mo-carry
conditions into the adder for any given digit time. For
example, a carry is inserted at DOL time for analysis
of the digit to be stored in the DIL position on any
complement add operation. The carry insert and no-
carry blank signals are always developed together as are
the no-carry insert and the carry blank signals., They
act on the carry and no-carry latches 556 and 557 to
turn one “off” through a blocking inverter and the other
“on” through an input mix diode, in accordance with the
developed signals.

The zero insert circuit, when energized for a digit time
or a series of digit intervals, forces the binary and qui-
nary adder output latches into a zero status for those
intervals, regardless of the conditions within the adder.
This is done by holding the input grids of B0 and QO
latches on through an additional mix diode 586 and the
B5, Q1, Q2, Q3, Q4 latches off through blocking invert-
ers 587 whenever the zero insert signal is developed.
This control is used when a zero output from the
adder must be available for storage in the accumulator
but no normal zero output would be expected. For ex-
ample, on add and subtract operations the true or com-
plement add gates which allow accumulator digits to en-
ter the adder “A” input are not opened until DOL time.
No normal output can be expected from the adder at
DOL time since no entry was made at DXL time. It
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is necessary, however, that a zero signal be available
from the adder output for storage in the DOL position
of the accumulator, The zero insert circuit, energized
at DOL time, will supply this signal.

OPERATIONAL AND ADDRESS REGISTERS

The operation and address registers ate static storage
registers with two digit and four digit capacities respec-
tively. Their function is to receive the operation (Op.)
code and address portions of the instruction word and
to make this information available to the program con-
trol, arithmetic control and head selection circuits.

It will be recalled from a previous description of how
the machine cycles through a program step, that the new
instruction word is read into the program register during
an “I” half cycle of the control commutator. A back
signal from the program register then advances the con-
trol commutator, Figs. 81a through 81/, to its “Restart”
position by causing the restart B latch 605 (Fig. 81a)
to be turned on. This latch will remain on for one word
interval. It is during this interval and under control of
this latch that the Op. and D or the I positions of the
instruction word are transferred to the Op. and address
registers. As the restart latch is turned on, the alterna-
tion control flip-flop latch, Fig. 814, is transferred to in-
dicate whether this is the start of a “D” or an “I” half
cycle. A restart caused by a program register back sig-
nal will always be a restart to “D.” During this restart
word interval, following a restart to “D,” the Op. code
must be read into the Op. code register and the “D”
address into the address register.

During a word interval following a restart to “I” the
“I" address must be read into the address register.

During a TLU operation the “D" address must be
altered and stored in the address register.

Figs. 69a through 69¢ and 71a through 71l show a
data flow path from the program register to the Op. and
address register and read-in switching for the Op. and
address registers, On a “D” half cycle it is necessary
that this entry switching be open for D5 through D10,
the times at which the “D" address and Op. code digits
are available from the program register. On an “I"” half
cycle the entry switching must be open for D1 through
D4 when the “I” address digits are available from the
program register. During TLU the entry switching must
be open for D5 through D10, when the general storage
search is changed from one band to the next.

A “Read-In Op. and Address Register” signal is de-
veloped whenever an entry is to be made. This signal
occurs during D5 through D10 of the restart word on a
“D” alternation, D1 through D4 of the restart word on
an “I” alternation or D5 through D10 on a TLU band
change signal and conditions the input switches of the
Op. and address register latches.

The operation code register

The operation code register is a two digit, bi-quinary
storage register as shown in Figs. 692 through 69¢. Each
digit position has seven latches, one for each bi-quinary
bit. Input to the register is from the seven pedestal am-
plifiers of the program register (Figs. 62¢ and 62i). Two
of seven, bi-quinary, B-A gates, representative of the
digit value in one position of the program register are
present on these seven lines each digit time. The QO
line feeds the input switches 601 and 602 (Fig. 69¢) of
the units and tens QO latches 603 and 604. The Q1
line feeds the QI latches, etc. The Op. and address reg-
ister read-in signal, referred to above, is further switched
at the entry to the Op. code register with a D10 and a
CP to condition entry to the tens position latches and
with D9 and a CP for entry into the units position latches.
The restart B signal is switched at switch 606 (Fig. 69a)
with the output of the “D" alternation latch and a D5—
DX gate and at switch 607 with the output of the “I”
alternation latch and a DI-D5 gate. The outputs of
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switches 606 and 607 are mixed at mix 608 and fed to
cathode followers 609 whose outputs are fed to switch
611 where a switch occurs with a CP. The output of
switch 611 is switched at switch 612 with D10. The
output of switch 611 is switched at switch 613 with
D9. The switches 613 and 612 drive cathode followers
614 and 615 respectively, which in turn drive the input
switches to the units and tens Op. code register latches.
Thus the units position will receive only the D9 output
from the program register while the tens position will
receive only D10.

Assume an Op. code of 71. During D9 time B-A gates
will be present on the BO and Q1 input lines. This can
only result in turning on the BO and Q1 latches of the
units position. During DIO time, B5 and Q2 gates will
be able to turn on the B5 and Q2 latches of the tens posi-
tion.

Once on, any latch has a latch back circuit through a
mix diode and will remain on until reset by a reset pulse.

The Op. register reset signal is taken from mix 616
through double inverter 617 and cathode followers 618
to the common line that resets all the Op. register latches.
This line is pulsed to reset the Op. code register at the
beginning of each restart, with a program reset signal
from the control console or at DO of a TLU band change.
Mix 616 is fed by a restart A signal, a manual program
reset signal or DO and a TLU band change signal.

The address register

The address register, shown at Figs, 71a through 71],
consists of four digit positions of bi-quinary latch storage.
The “Read-In Op. and Address Register” signal (the out-
put of cathode followers 609, Fig. 69a} which occurs
for D5-D10 of a “D" alternation and D1-D4 of an “I”
alternation, is further switched at switches 621 through
624 at the entry to each position of the address register.
This switching provides a D1 or D5 CP to the entry
switches of the units position latches, D2 or D6 CP to the
tens position, D3 or D7 to the hundreds, and D4 or D8
to the thousands.

The selection of which of the two possible digit times
each position will accept is, of course, dependent upon
the “D” or “I” alternation latch.

As with the Op. code register, input to the address reg-
ister is from the pedestal amplifiers of the program regis-
ter. These seven bi-quinary input lines are shown in
Figs, 71g and 71j. Each line connects to its associated
bi-quinary latch of each position of the register, Thus a
“D” address of 1 7 4 6 would be available as gates on
the B5-Q1 lines at DS time, B0O-Q4 lines at D6 time,
B5-Q2 lines at D7 time and B0-Qt lines at D8 time.
These gates would cause the B5-Q1 units position latches
to turn on, the B0O-Q4 tens latches, the B5-Q2 hundreds
latches and the B0-Ql thousands latches. An “I” ad-
dress of 1 7 4 6 would be available as gates on the
B5-Q1 lines at D1 time, B0-Q4 lines at D2 time, B5-Q2
lines at D3 time and B0O-Q1 lines at D4 time. These
gates would cause the same latches to be turned on.

It will be recalled from the section describing the con-
trol console and its uses that the address register may be
reset to two different values. When the control switch is
set to Manual, depression of either the Computer or the
Program reset key will reset the address register to blanks.
If, however, the Control Switch is in the Run or Address
Stop position, the address register will reset to 8000,
This is accomplished by dividing the address register
latches into two groups, those which are “on” to repre-
sent an 8000 address and those which are not. The re-
sets of these two groups are separately controlled. A
“set 8000” signal, which turns the latches in the 8000
group on, is provided whenever the Control Switch is
in the Run or Stop Address position. The two reset cir-
cuits and their latches 625 and 626 are shown at Fig. 711
The “Reset 8000” latch 625 is turned on by any restart,
by a TLU, DI, or by either reset key when the Control
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Switch is in Manual, and when on resets the 8000 latches.
The “Reset Except 8000” latch 626 is turned on by any
restart, by a TLU, DI, or by either reset key regardless
of the setling of the Control Switch, and when on re-
sets all latches except those which represent 8000. In
those cases where both resct latches are turned on the
register is reset to blanks. When the Control Switch is
not in the Manual position, the “Manual Operate-resét”
signal is not developed and the “Reset 8000” latch is not
turned on. Instead the “Set 8000” signal is developed
and the 8000 latches are turned on.

The following summarizes the address register resets:

Control Switch Manual reset address register to
blanks.—Control Switch Run or Address Stop resets ad-
dress register to 8000. Reset 8000 signal resets BS and Q3
thousands position, B0 and Q0 hundreds, BO and QO tens
and B0 and QO units. These are all the latches used to
represent 8000. The reset 8000 signal is caused by any
restart, control switch Manual and computer or program
reset keys or TLU, DI.

The reset except 8000 signal resets B0, QU, Qi, Q2
and Q4 thousands; B5, Q1, Q2, Q3 and Q4 hundreds;
BS5, Q1, Q2, Q3 and Q4 tens; and BS, Ql, Q2, Q3 and
Q4 units. These are all latches except those used to rep-
resent 8000. The reset except 8000 signal is caused by
any restart, computer or program reset keys regardless
of control switch position, or TLU, DI1.

The set 8000 signal turns on B5 and Q3 thousands,
B0 and Q0 hundreds, BO and QO tens and BO and QO units.
These are all latches used to represent 8000. The set 8000
signal is caused by control switch in run or stop address
positions and computer or program reset keys.

Some special switching circuits (Figs. 71, 71d and
7le) provide single gates which indicate when the con-
tends of the register is 8000, 8001, 8002 or 8003 for use
by the program control circuits. The outputs of the
BS and Q3 throusands position latches are switched at
switch 627 and fed through cathode followers 628 to
switch 629. The outputs of the BO and QO hundreds
latches are switched at switch 631 and fed through cathode
follower 632 to switch 629. The outputs of the BO and
QO tens latches are switched at switch 633 and fed
through cathode follower 634 to switch 629, and the out-
puts of the BO units latch is fed to switch 629. The out-
put of switch 629 is fed through cathode follower 63§ to
switches 636, 637, 638 and 639. The output of cathode fol-
lower 635 is switched at switch 636 with a NEAP and the
QO units latch output and fed through double inverter 641
and cathode followers 642 to produce the 8000 address
signal. The output of cathode follower 635 is switched
at switch 637 with the Q1 units latch output and fed
through double inverter 643 and cathode followers 644
to produce the 8001 address signal. The output of cath-
ode follower 635 is switched at switch 638 with the Q2
units latch output and fed through double inverter 645
and cathode follower 646 to produce the 8002 address
signal. The output of cathode follower 635 is switched
at switch 639 with the Q3 units latch output and fed
through double inverter 647 and cathode follower 648
to produce the 8003 address signal. The output of cath-
ode follower 646 is switched at switch 649 with a lower
even word gate and fed to mix 651. The output of cath-
ode follower 648 is switched at switch 652 with an upper
odd word gate and to mix 651. The output of mix 652
is fed through double inverter 653 and cathode followers
654 to produce the 8002-8003 address signal.

Check circuits associated with the address register are
shown at Figs. 71a and 71d. These are provided to
check the validity of the address in the repister. They
check the thousands position for presence of any digit
value other than 0, 1 or 8. If any other value is found
the “exceed address” double latch 655 is turned on. This
turns on the exceed address light on the control console
and lowers the “Invalid address” interlock line, removing
one of the conditions necessary for a restart of the con-
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trol commutator and thus stopping calculation. The
“exceed address” latch is only reset by a depression of
the “Error Reset” key.

When the thousands position is 8, a further check of
the hundreds, tens and units position is made to insure
that they are 0, 0 and below 5, respectively.

These circuits are straightforward and will not be ex-
plained in further detail except to point out the reason
for the “Neg. Reset Except 8000” gate. When a reset
to 8000 operation occurs, the B5-Q3 thousands, BO-QO
hundreds and BO-QO tens latches are turned on. Varia-
tions in the times required for the 8 thousands, Neg. 0
hundreds, and Neg. 0 tens signals to appear at the check
switches (8-2D and 8-3D) could allow a voltage spike
through to turn on the check latch. The negative reset
except 8000 gate prevents the test from being made until
the latches have had time to turn on. Inverter 656,
Fig. 71f, inverts the reset except 8000 signal to produce
the negative reset except 8000 gate,

SEVEN-TO-FIVE AND FIVE-TO-SEVEN CONVER-
SION CIRCUITS

Information from the distributor (on a store opera-
tion) or from read buffer storage (on a read operation),
must be changed from its two-of-seven bi-quinary form
to the two-of-five system used by general storage. Also,
two-of-five information from the general storage read-
out latches must be changed back to the two-of-seven bi-
quinary form before it is sent to the selected storage line
or to punch buffer storage.

These conversions are done by the 7 to 5 and 5 to 7
circuits shown at Fig. 72a through 72c.

Bi-quinary output lines from the distributor and from
buffer storage enter the 7 to § circuits at Fig. 724. In-
formation on either of these inputs is gated through to
the 7 to § matrix by the presence of either a RIGS gate
{developed by program control on 20 codes) at switches
661 or a BS to GS gate at switches 662 (developed by
program control on a 70 code, Figs. 872 and 87b).

Information gates on the BO and QO input lines must
cause similar gates to be present on the “1” and “2” out-
put lines. B0 and Q1 gates must cause “0” and “1”
outputs, etc. The circuits that accomplish this are the
switch and mix circuits of Fig. 72b which switch and
mix the several inputs as indicated, and drive the output
amplifiers.

The two-of-five output lines from the general storage
read-out latches bring information to the 5 to 7 circuits
at Fig. 72c.

The 5 to 7 switch and mix circuits of Fig. 72¢ accom-
plish the conversion by switching and mixing the several
inputs as shown and drive the output cathode followers.
A “No 800X address” gate from the address register is
used as an additional condition on each of the 5 to 7
switches. This insures that outputs will occur only for
general storage addresses and that there will be no con-
flict between possible general storage latch outputs and
outputs from an B0OX location on the selected storage
line.

A “pegative latch reset pulse” is switched with the
*“No 800X” signal to cut off the trailing edge of the §
to 7 output gates sharply at “a” time.

SELECTED STORAGE SWITCHING

The selected storage, bi-quinary, data flow lines which
take information to distributor, program register and
adder can be supplied from any general storage band,
upper or lower accumulator, distributor or storage entry
switches. It is the function of selected storage switching
to gate information through to the selected storage lines
from accumulator, distributor or switches in accordance
with the particular 800X address.

The details of these circuits are shown at Figs. 73a
and 73b. Here it is seen that the outputs of the accumu-
lator on time latches are fed through switches 671 where
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the outputs are switched with D1-DX (NAP) to switches
672. At switches 6§72 these outputs are switched with
the 8002-8003 address signal and NAP and fed to mixes
673 the outputs of which pass through cathode followers
to the selected storage output, Fig. 73b. The distributor
on time outputs are fed through switches 674 where they
are switched with the 8001 address signal and NAP to
mixes 673. General storage outputs are fed through
cathode followers 675 to the selected storage output and
the storage entry switches feed through cathode followers
676, Fig. 774, to the selected storage output.

PROGRAM CONTROLS
The Program Controls consist of the following:

(1) Address register

{(2) Dynamic selection circuits

(3) Address selection switches, control switches and keys,
on control console

{4) Operation code register

(5) Operation code analysis circuits

(6) Control commutator

Address register

The address register circuits are shown at Figs, 71a
through 71/ and were described above. The outputs
from the thousands, hundreds and binary tens latches are
taken to the general storage read-write matrix (Figs. 59a
through 590) where they control the static selection of
one of the 40 bands as previously explained, for reading
or writing. The outputs from the quinary tens, and
both binary and quinary units are used by the dynamic
selection circuits (Figs. 71c and 71f) to select the proper
word interval within the statically selected band.

Dynamic selection circuits

The quinary portion of the tens position of an address
and both portions of the units position, indicate the word
position within a band. 1t is the function of the dynamic
selection circuits to match the outputs from the Q tens
and B and Q units latches of the address register with
timing pulses to produce a one word gate, the presence
of which indicates that the word position specified by
the address is about to pass under the heads. This gate
will be used to time the opening of the general storage
read-in switching (RIGS gate) on all operations requir-
ing read-in to general storage from distributor (20
codes) and to time the opening of distributor or program
register read-in switching on operations where they re-
ceive a word of information from general storage. This
includes all “I" half cycles where the “I” address is a
general storage location, and “D” half cycles on 10%
and 60's codes where the operand or operator must be
transferred from a general storage location to the dis-
tributor.

Because of necessary variations in the timings of the
general storage, program register and distributor read-in
gates and to insure that at least one full word interval
will elapse before the general storage read-write circuits
are used, after they are energized by the address reg-
ister outputs, the dynamic selection gate is developed
“one word early.” That is, the timing gates with which
the address register outputs are switched are chosen
so that the dynamic selection gate will occur for the
word interval preceding the one during which the read-in
gate will actually be open. For this reason the dynamic
selection circuits produce a gate which is called “One
Word Early Dynamic Selection.”

This “One Word Early” gate is then switched with
timing pulses, in the control commutator, to turn on
latches whose outputs are the exactly timed general stor-
age, distributor or program register read-in gates.

The following switches and mixes are made (Figs.
71c and 71f) to produce the one word early gate: W9,
QOT and S4 at switch 681; W9, QIT and SO at switch
682; W9, Q2T and Sl at switch 683; W9, Q3T and S2
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at switch 684; W9. Q4T and S3 at switch 685. The
W9 is inverted by inverter 686 to produce a negative
W9 (NW9). This NW9 is switched at switch 687 with
QOT and S0; at switch 688 with QIT and S1; at switch
689 with Q2T and S2; at switch 691 with Q3T and S3;
and at switch 692 with Q4T and S4. W9, W0, W1,
W2 and W3 are switched at switch 693 and W4, W5,
W6, W7 and W8 are switched at switch 694. The out-
put of switch 693 is switched with BOUn at switch 695
and the output of switch 694 is switched with B5SUn at
switch 696. W9 and W4 are switched at switch 697,
W0 and W5 at switch 698, W1 and W6 at switch 699,
W2 and W7 at switch 701 and W3 and W8 at switch
702. The output of switch 697 is switched with QOU
at switch 703, the output of 698 with QIU at switch
704, the output of 699 with Q2U at switch 708, the
output of 701 with QiU at switch 706, and the outpnt
of 702 with Q4U at switch 707. The outputs of switches
681, 682, 683, 684 and 685 are switched at switch 708
and the outputs of switches 697, 688, 689, 691 and
692 are switched at switch 709. The outputs of switches
708 and 709 are mixed by cathode followers 711 and
712 and are fed to switch 713 The outputs of switches
698 and 696 are mixed by cathode followers 714 and
718 and fed to switch 713. The outputs of switches
703, 764, 708, 706 and 707 are mixed by cathode fol-
lowers 716 and fed to switch 713. The output of switch
713 is fed through cathode follower 717 as the one word
early dynamic sclection signal.

Control console switches, lights and keys

The functions of most of the switches, keys and lights
on the control console are such that they may be logi-
cally grouped with program controls. These are shown
at Figs. 74a and 74h, 75a through 75f, 76a and 76b, and
77a through 774.

Master power cutoff switch.—This is a recessed toggle
switch 721 (Fig. 74a) whose operation immediately cuts
off all power to the machine. It is provided for use
only as a safety measure and is not used for normal
machine operation since it disregards the normal power
on and power off operating sequences.

Error sense resct key—The error sense, error stop
and error reset circuits, shown in Figs. 79a and 795,
will be discussed in a later section. The error sense reset
key 722 (Fig. 74a) resets the error sense latch, 723 (Fig.
79a). When this key is depressed control console ter-
minal 724, normally at —350 volts, is raised to ground.
This raises terminal 725 (Fig. 79a) to ground and resets
the error sense latch,

Error reset key—When this key 726 is depressed,
terminal 727 is raised to ground. This raises terminal
728 (Fig. 79b) to ground, turns off the error stop latch
729 and holds the run latch 731 (Fig. 81g) off. Also
terminal 732 (Fig. 796) is raised through diode 733,
thus resetting any error detection circuits which may be
on. The diode 733 acts as a filter. It allows both
the error reset key and the signal from the error reset
cathode follower 734 to operate the reset line but only
allows the error resct key to turn off the error stop latch.
The action of cathode follower 734 will be discussed
later in connection with “Error Sense.”

Accumulator reset key—When this key 479 (Fig.
74b) is depressed, one of its sections parallels the error
reset key and energizes the error reset circuits as above.
The other section raises terminal 735 to ground. Ter-
minal 735 connects to the following commoned termi-
pals: 736, Fig. 78j, to reset the overflow sense latch;
‘737, Fig. 87a. to reset RBS and PBS transfer control
latches; 738, Fig. 64¢, to reset accumulator to zeros;
739, Figs. 85s, to turn on accumulator reset latch and
reset all necessary arithmetic control latches; and 741,
Fig. 61c, to reset distributor to zeroes. The action of
the accumulator reset key is paralleled by an accumu-
lator reset signal from cathode followers 742 (Fig. 79a)
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on an error sense operation. When this accumulator
reset signal is developed it feeds mix 743 and terminal
736 and thus all of the above commoned terminals.

Program reset key.—When this key 744 (Fig. 74b)
is depressed, one of its sections parallels the error reset
key and energizes the error reset circuits. The other
section rajses terminal 745 (Fig. 75f) to ground.

Terminal 745 connects to one segment of the control
switch 751 (Fig. 75f). If this switch is in the “Run”
or “Address Stop” position, a “Set 8000™ signal is sent
to the address register; if it is on the “Manual” position
a “Resct 8000 signal is sent.

Terminal 745 also connects to several commoned termi-
nals as follows: 746, Fig. 81a, to turn on the program
resct latch and reset all necessary program control latches;
747, Fig. 87a. to reset the RBS and PBS transfer control
latches: 748, Fig. 71/, to turn on the reset except 8000
latch; 749, Fig. 62¢, to reset the program register to zeros.
The action of the program reset key is paralleled by a
program reset signal from the error sense circuit. This
signal comes from cathode followers 782 (Fig. 79a) on
an error sense operation, and connects to the above
commoned terminals. ’

Computer reset key.—When D.C. power comes on,
the normally closed computer reset key 481 applies -+150
to relays R1 and R2. These relays are energized con-
tinuously except when the computer reset key is depressed.
When this key is used, R1 and R2 drop. R1-1 paral-
lels the error reset key and energizes the error reset
circuits. R1-2 parallels the accumulator reset key and
energizes the accumulator reset circuits as above. R1-3
parallels the program reset key and energizes the program
reset circuits as above. Thus, computer reset is equiv-
alent to both accumulator and program reset.

Write inhibit circuit.—Before D.C. power comes on,
and while computer rcset is in process, R-2 points are
open. At this time a blanking gate prevents the gen-
eration of WSP so that no writing can be done. This
WSP blanking gate controls multivibrator 753 (Fig. 53c¢)
which develops the WSP,

Checking lights—The checking lights are provided to
give an indication as to where an error has occurred,
when one is detected by any of the checking circuits.
One side of all the lights is common to terminal 754
(Fig. 754) which is the tap on a voltage divider be-
tween —250 and -—70. The resistor ratio is such that
terminal 754 is at approximately —80. The other side
of each light connects to an error detection latch. When
the latch is off, its output level is about ~—35. This
45 volt drop across the neon bulb is not sufficient to
fire it. When the latch turns on, its output level rises
to about 410 volts. This 90 volts across the bulb
causes it to fire.

Clocking light—This light 755 (Fig. 74a) indicates an
error in one of the ring circuits. The sector ring error
detection circuit output is available at terminal 756
(Fig. 56h)}. The digit and word rings error detection
outputs are also sent to terminal 756 and thus the
clocking light comes on if an error is detected in any
of the ring circuits.

Terminal 756 also connects to terminal 757 (Fig. 79b)
to turn on the error stop latch,

Accumulator licht.—This light indicates that a non-
valid bi-quinary digit representation has been detected
by the accumulator validity check circuits of Fig. 82a.
Any extra or missing bi-quinary bits, as indicated by the
status of the accumulator on time latches will be de-
tected by the switch-mix validity check circuitry and
will turn on the accumulator error latch 758. The output
of this latch raises terminal 759 which connects to termi-
nal 761 (Fig. 74a¢) and lights the accumulator error
light.

Two other checking circuits also turn on the accumu-
lator error latch and light. These are the TLU carry
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or no-carry check and the accumulator zero or non-zero
check, shown in Figs. 83a and 83b.

The output of the accumulator error latch is also one
of three conditions which provide an error stop signal
at terminal 762 (Fig. 82c), to terminal 763 (Fig. 795)
to turn on the error stop latch.

Error sense light—Terminal 764 connects to termi-
nal 766 (Fig. 79a). When this terminal is raised by
turning on the error sense latch, the error sense light
765 goes on, The circuits to turn on the error sense
latch will be described later.

Program register light.—The program register on time
latch outputs are checked by validity checking switch-mix
circuitry at Fig. 82b. Any non-valid digit value will
turn on the program register error latch 767. The out-
put of this latch raises terminal 768 which connects to
terminal 769 (Fig. 74a) and turns on the program regis-
ter light 771.

The program register error latch output is also one
of the three conditions which develop an error stop sig-
nal at terminal 762 to turn on the error stop latch.

Storage selection light~—This light 772 is turned on
when the exceed address latch 685 (Fig. 71a) is turned
on. This latch is turned on whenever an invalid address
appears in the address register or in the event of a fail-
ure to write on any general storage read-in operation
or a double write situation. The “no write”-“double
write” detection circuit is shown as part of the read-
write circuitry of Fig. 59¢. No write is switched with a
RIGS gate and a BS to GS gate at switch 673 (Fig. 71a)
and mixed at mix 674 with double write to provide a no
write-double write signal to turn on the exceed address
latch 65S.

Distributor light —The distributor on time latch out-
puts are checked by validity checking switch-mix cir-
cuitry at Fig. 82c. Any non-valid digit value will turn
on the distributor error latch 775. The output of this
latch turns on the distributor light 776 (Fig. 74a).

The distributor error latch output is also one of the
three conditions which develop an error stop signal at
terminal 762 to turn on the error stop latch.

Overflow light—The overflow light 777 indicates when
an accumulator overflow condition has occurred.

Several different accumulator overflow conditions are
detected and used to control machine functioning. When
two true members are added, an overflow from the D10U
position of the accumulator indicates that its capacity
has been exceeded. On a shift count operation an over-
flow from the DOL position is an indication that the
maximum number of shifts have been taken except dur-
ing the first word time of the operation when the shift
number is being transferred to the DOL position of the
accumulator.

An overflow is detected by testing for a carry from
the adder, during the desired digit interval. If a carry
is detected during either of the above situations, the over-
flow light should be turned on. In addition, the machine
should either be stopped or the overflow condition stored
for later interrogation by a code 47, depending upon the
setting of the overflow sense stop switch 778 (Fig. 75¢).

The circuits which detect an overflow are shown in
Figs. 68a and 684. If the switch is set to stop, the over-
flow stop latch 779 (Fig. 68a) will be turned on. The
output of this latch is fed through a mix 781 (Fig. 74a)
to turn on the overflow light. This latch also holds the
arithmetic operation latch (Fig. 85d) on. With this latch
held on, no end of operation signal is developed so the
operation interlock latch is never turned off. Thus the
control commutator is interlocked and cannot advance
into another “D” half cycle to start the next operation.
If the switch is set to sense, an overflow sense signal
turns on the overflow sense latch 782 (Fig. 78j) instead
of the overflow stop latch.

The output of this latch is fed through mix 781 (Fig.
74a) and turns on the overflow light. It also is available

10

15

20

26

80

35

45

50

65

60

85

70

76

72

for later use by the code 47 circuits which will be ex-
plained later,

A carry from D1L during a divide operation, when the
quotient digit latch is on, indicates a quotient overflow,
In this case the machine must be stopped. This signal
turns on the overflow stop latch directly, regardless of
the setting of the sense-stop switch.

Operating lights.—The operating lights are provided to
give an indication of what units in the calculator are in
operation.

The punch light 783 comes on at the beginning of a
control commutator “D” half cycle on a punch operation
(code 70). It remains on until a restart signal is pro-
vided by a punch cam which closes as the punch starts
its feed cycle. These circuits are shown at Figs. 78k and
781, When the read-punch “D” control signal of the
control commutator coincides with a 71 from the Op.
code register, the output of switch 784 (Fig. 78k) turns
on the punch light. This signal is available until the read-
punch “D” control signal is removed with the next restart.
This restart signal is developed at cathode follower 785
with the next D1 after the punch cam back signal applies
plate voltage to cathode follower 785,

The operation of the read light 786 is similar to that
of the punch light, except that it occurs on a 70 code.

If the machine stops and either of these lights remain
on, it indicates a failure of the read or punch feeds.

The program light indicates that the calculator has
stopped because of a condition which has turned the run
latch off, thus preventing the control commutator from
advancing. These conditions are: (1) Programmed stop,
(2) Address stop, (3) Manual program stop, (4) Half
cycle.

The run latch 731 (Fig. 81g) can be turned off by a
stop address signal at terminal 787 (Fig. 81a) or by a
signal from cathode follower 788, if the half cycle switch
or the program stop key have supplied plate voltage to
cathode follower 788, or by a signal from cathode fol-
lower 789 (Fig. 78%) when a stop code (01) is sensed
and plate voltage has been supplied to cathode follower
789 by the programmed stop switch. When the run latch
is off, its off output is available from terminal 787 which
is tied to the program light 792,

The accumulator light 793 will be on all during arith-
metic and shift operations. These are the operations in
which the accumulator is used, The arithmetic operation
interlock latch 791 (Fig. 81{), in the control commutator,
will be on at these times. Its output turns the accumu-
lator light on.

The data and instruction address lights 794 and 795
indicate whether the control commutator is in an “I”
or “D” half cycle, and thus whether the address in the
register is a data or instruction address. The alternation
control latches 796 (Fig. 81d) in the control commutator
are connected to form a flip-flop device which alternates
on each restart or use D for I signal. The “I” latch out-
put turns the “I” light on. The “D” latch output turns
the “D" light on.

Address  selection switches.—The address selection
switches, Figs. 75a, 75b, 75d and 75e, have two functions:

(1) To set up a four digit address which it is desired
to manually transfer to the address register.

(2) To set up a four digit address which is to be com-
pared with the contents of the address register to develop
an address stop signal when the two addresses are the
same, if the control switch is in the address stop position.

The outputs of the 28 address register latches (Figs.
71a through 711) connect to the 28 terminals at Figs. 75d
and 75¢ as shown. These terminals are wired to the
binary and quinary sections of each address selection
switch as shown. When a decimal value is set in a switch,
the wiring is such that a circuit is complete between the
binary and quinary common switch segments and those
address register latches which represent the decimal value.

To transfer a number from the switches to the address
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register latches the address is set in the switches. The
control switch is set to manual and the transfer key 797
depressed. The following circuit is completed to turn
the proper latches on: ground, program reset switch
(Fig. 74b), transfer key 797 (Fig. 75¢) to manual ter-
minal of each section of control switch, to binary and
quinary common segments of control switch, wiring to
binary and quinary common segments of address selec-
tion switches, through switches set for a specific address,
to above-mentioned terminals to those address register
latch output lines (Figs. 71a, 71b and 71c¢) correspond-
ing to the switch settings to turn the latches on through
the latch-back diodes.

With a specific address set in the address selection
switches, all 8 lines from the common segments will be
raised only when the corresponding address register
latches are on. When this occurs the 8 binary and
quinary common segments of the control switch will
also be raised. If the control switch is in the address
stop position, the 8 lines from its address stop terminals
will also be raised. This supplies 8 of the 9 necessary
inputs to the coincidence switching circuit at Fig. 75e.
The ninth input is available from the fifth segment of
the control switch and is only a check on the position of
the switch. The coincidence of these 9 signals at switch
798 indicates that the control switch is in address stop
and that the address in the register matches that set in
the switches. The output from the diode switches, through
double inverter 799 and cathode follower 801, produces
the address stop signal which turns off the run latch,
turns on the program light and stops the machine.

Operation and address register lights—These lights in-
dicate the bi-quinary value of the number in the opera-
tion code and address registers.

One side of all lights are commoned to the same —80
voltage divider tap (754) as the checking and operating
lights. The other side of each light connects to its corre-
sponding address or operation register output latch, via
the terminals shown at Figs. 75a through 75f. Thus the
lights are a direct indication as to which latches are on.

Control switch.—The functions of this switch have been
covered in connection with the address register and the
address selection switches.

In address stop it allows an address stop signal to be
developed when the address selection switch setting is
matched by the address register latches and causes any
reset of the address register to be to 8000 rather than
blanks.

In run, it also causes any address register reset to be
to 8000.

In manual, it allows the transfer key to transfer a
number from the address selection switches to the address
register and causes any reset of the address register to
be to blanks rather than 8000.

Transfer key—The function of this key was explained
under address transfer.

Program start key—This key 802 provides a way to
manually turn on the run latch and allow the control
commutator to advance. It has two sections, In its nor-
mal position the section 2 brings ground potential to the
program start No. 2 line. This holds the manual start-
stop latch off. When the program start key is depressed
this circuit is opened. The manual start-stop latch re-
mains off because of the latch back wire, but is now
free to be turned on by an input signal. The section 1
of the program start key supplies plate voltage to cathode
follower 803 (Fig. 81g) which supplies a signal to turn
the manual start-stop latch on with the arrival of the next
WPU. When the start-stop latch goes on the capacitor
coupled cathode follower 804 (Fig. 81g) is pulsed. This
output turns on the run latch and starts the control com-
mutator. In this way it is insured that the run latch will
always turn on at the beginning of an upper word in-
terval.

Program stop key.—This key 805 (Fig. 75¢) turns the
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run latch off so that the control commutator will stop at
the end of the next restart word interval. This allows
the operation in process to be completed but does not
allow the next one to start.

When this key is depressed the plate of cathode fol-
lower 788 (Fig. 81a) is raised to +150 volts. The next
restart signal will pulse this cathode follower whose out-
put turns the run latch (Fig. 81g) off.

Half cycle switch—The action of this switch 807
(Fig. 75¢) parallels that of the program stop key. Thus
when it is in the half cycle position the control commuta-
tor is stopped at the end of each restart word interval.
Each depression of the program start key will altow it
to advance until the next restart, Thus the machine may
be manually half cycled through program steps.

Programmed stop switch—When this switch 808 (Fig.
75¢) is in the stop position and an 01 operation code is
sensed the run latch is turned off, stopping the control
commutator. This action was described under “program
light.”

Error stop-sense switch.—This switch 809 (Fig. 75f)
is provided to allow the use of self-correcting program
routines. The machine can be made to respond to a
detected error in either of two ways, depending upon the
setting of this switch.

(1) Error stop: With the switch in this position an
error will cause the run latch to be turned off and the
control commutator to be stopped at the end of the op-
eration on which the error was detected.

(2) FError sense: With the switch in this position an
error will turn the run latch off momentarily. Automatic
program, accumulator and error reset signals will be de-
veloped which will reset all units just as if the program,
accumulator and error reset keys had been used. The
address register will be reset to 8000 (since the control
switch is in the run or address stop position) and the
run latch will be automatically turned back on. The
next instruction will be taken from the switches (8000)
instead of the intended “I” address and the machine
branches into the self-correcting routine.

Because the action of the error stop-sense switch is:
tied to the error stop-sense circuits (Figs. 79a and 79b)
these will be described at this time.

The switch 809 has two sections. Terminal 811 con-
nects to —70 volts through a 3.6K resistor so that the in-
put to switch 812 (Fig. 79a) is normally at —70 volts.
When the switch 809 is closed the input to switch 812
is raised to ground. The other section of the switch 809
brings 150 volts to switch terminal 813 (Fig. 75f),
raising the anode potential of cathode follower 814
(Fig. 79q).

The error disable switch 815 is a control console cover
interlock switch which opens when the control console
panel is swung out. It provides anode voltage for cathode
follower 816 and allows the output of the error stop
latch to be used.

Any error detected by the accumulator, program reg-
ister or distributor validity check circuits or by the TLU
carry-no carry check or by the accumulator zero-no zero
check produces an error stop signal. This error stop sig-
nal is mixed at mix 817 to turn on the error stop latch,
Also, any error detected in the operation of the timing
rings produces a clocking error signal. This clocking
error signal is mixed at mix 817 to turn on the error stop
latch. Thus any detected error (except those which op-
erate the exceed address latch) will cause the error stop
latch to turn on.

With switch 809 (Fig. 75f) in the error sense position
the circuits act as follows, after the error stop latch
turns on: (1) The error sense latch 723 (Fig. 79a) is
turned on and lights the error sense light (Fig. 74a).
The latch 723 is only reset by a subsequent depression
of the error sense reset key 722 (Fig. 74a). (2) Pro-
gram, accumulator and error reset signals are developed
as a result of the signal coincidence at switch 812 (Fig.
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79a). These signals parallel the similar signals devel-
oped when the accumulator, program and error reset
keys are used except that the error reset signal from
cathode follower 734 (Fig. 79b) does not reset the error
stop latch because of the blocking diode 733. (3) The
run latch is turped off with the next EDOU gate by
switch 818 and the error restart latch 821 is turned on
by switch 819, The error restart latch remains on
through its coincident latch back circuit until the next
NEDXU. (4) The error restart latch output connects to
mix 822 (Fig. 81g) to turn the run latch back on and
to mix 823 (Fig. 79b) to turn the error stop latch off.
The error sense light remains on until the error sense
reset key is depressed, as a reminder that an error has
occurred.

With switch 809 in the error stop position the output
of the error stop latch is only able to turn the run
latch off. Switch 812 is blocked as are cathode followers
814 and 816.

Overflow stop-sense switch.—The functions of this
switch were described under overflow light.

Display switch~—The main function of the display
switch 824 (Fig. 76b) is to select the accumulator (upper
or lower), the distributor or the program register for
display by the display lights. It also allows the control
commutator to cycle continuously if it is in the upper
accumulator, lower accumulator, distributor or program
register positions but only allows it to cycle once in
either of its manual operation positions (R.O. storage
or R.I storage). This switch also removes plate volt-
age from the general storage read-out latches in its R.L
storage position to prevent a conflict of information on
the selected storage line on a R.1. storage operation.

The switch is a 6 position switch with three sections.
The third section supplies anode voltage to the upper
accumulator, lower accumulator, distributor or program
register light selection cathode followers 825, 826, 827
and 828, respectively, depending upon its setting. Out-
puts from the accumulator on time latches are switched
at switches 828 and 831 (Fig. 76a) with upper and lower
word gates to provide inputs to the upper and lower
light selection cathode followers. On time outputs from
the distributor and program register drive the distributor
and program register light selection cathode followers
827 and 828 (Fig. 76h). All these cathode follower out-
puts are commoned and feed the bi-quinary, light selec-
tion output lines. The information on these lines then
consists of on time B-A information gates from the
selected capacitor storage unit. These lines connect to
the information input to the display lights (Fig. 77d).

Notice that anode voltage is supplied to the distributor
light selection cathode followers by either the distributor,
R.O. storage or R.I storage positions of the switch. On
a R.O. storage operation the contents of a storage loca-
tion, specified by the number in the address register are
transferred to the distributor and displayed from there.
On a R.I. storage operation the information set in the
storage entry switches is transferred to the distributor
and then to general storage.

In order for the control commutator to advance nor-
mally a run signal must be available when the run latch
is on, provided the display switch is in any position
other than the two manual operation positions. (R.O.
storage and R.I. storage are both manual operations.)
Fig. 81g shows that the “on” output of the run latch
raises the grids of three cathede followers, 832 (Fig.
81j), 833 and 834 (Fig. 81g). When the second sec-
tion of the dsplay switch is in the lower accumulator,
upper accumulator, distributor or program register posi-
tions, 4150 volts is applied to the anode of cathode fol-
lower 832 and provides a run signal for the control
commutator. In the R.O. storage position 4150 volts
is applied to cathode follower 834. Thus when the run
latch is on it provides the R.O. storage signal instead
of the run signal. In the R.I storage position 4150
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volts is applied to cathode follower 833. In this case
the run latch, when on, provides a R.I storage signal
instead of the run signal.

On a R.I. storage operation an 8000 control signal is
forced by the control commutator due to the man. R\
storage signal from cathode follower 833. This opens
the path between the storage entry switches and the
selected storage output line, allowing the switch infor-
mation to enter the distributor, (The control commuta-
tor also provides a distributor R.I. gate.) Meanwhile,
the address register output has energized the general
storage read-write matrix. Thus when a RIGS gate is
provided, timed by the “one word early” selection cir-
cuits, the switch information (now in the distributor) is
read into the selected general storage location. Ref-
erence to the general storage read-write matrix circuits
(Figs. 59a through 590) will show that information is
available from the selected band as long as a valid
general storage address is in the address register. Nor-
mally this information operates the five general storage
read-out latches, supplying a stream of B-A information
gates to the selected storage output line. If this is
allowed to happen, there will be a conflict of information
from entry switches and the general storage band on the
selected storage line. To prevent this the general storage
information is blocked on a R.I. storage operation. When
the first section of the switch is on the R.IL storage posi-
tion, 4150 volts is removed from terminal 835, and
thus from the plates of the double inverters of the
general storage read-out latches 836 (Figs. 59¢, 59j
and 590).

Display lights—There are 10 display light positions
(Figs. 77a through 77d) one for each of the digit positions
of the capacitor storage unit to be displayed, arranged
in accordance with the bi-quinary code system. There
is also a sign position (Fig. 77a4) having two bulbs, plus
and minus, for use when the distributor or accumulator
is being displayed. The neon lights respond to coin-
cidence of an information gate and a digit timing gate,
This coincidence will occur once every word interval for
distributor and program register and once every two
word intervals for the accumulator. When the control
commutator is stopped so that the information in the
capacitor storage units is not changing, the same informa-
tion will be supplied periodically to the same bulbs.
The bulbs so impulsed will appear to glow continuously,

The potential of one terminal of one bulb in each posi-
tion is determined by the center tap of a voltage divider
consisting of two 100K resistors. One end of this divider
receives an inverted information gate, the other end an
inverted timing pulse. Thus a bulb receives all informa-
tion gates from its bi-quinary input lines but responds
only to those which occur during its digit timing interval.
For example, the B5 bulb of D1 receives all BS gates but
responds only to those which occur at D1 time. The
other bulb terminal is commoned to a similar terminal of
the corresponding bi-quinary bulbs of each of the other
digit positions. This common line returns to the plate of
a power amplifier whose output is at +230 volts except
at “a” time.

Normally, the plates of the power amplifier timing gate
inverters and the power amplifier information gate inver-
ters are at 4250 and therefore the center taps of the bulb
dividers are at 4-250. This 20 volt difference across the
bulb is not sufficient to fire it,

The plate of the power amplifier timing gate inverter
drops to 480 when the timing gate causes it to conduct,
pulling one end of the bulb divider down to +80. If no
inverted information gate is present, the other end of the
divider remains at +250. In this case the center tap
drops to +165. The difference across the bulb is 65 volts,
still not sufficient to fire the bulb. If an inverted informa-
tion gate coincides with the inverted timing gate, both
ends of the divider, and the center tap, drop to -80.
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This difference of 150 volts is more than sufficient to fire
the bulb.

There are two lights in the sign position (D0). The
plus light fires when a Q4 information gate coincides with
a DO timing gate. The minus light fires when a Q3 infor-
mation gate coincides with a DO timing gate. This fol-
lows from the fact that a plus sign is stored in the dis-
tributor as a 9, while a minus is stored as an 8, Q4
and Q3 information gates will be available at DO time
only from the distributor or the accumulator sign latches
since there is no DO position in the program register.

Storage entry switches.—These switches (Figs. 77a
through 77d) provide a way to manually insert a word of
information into any storage location. They are address-
able (8000) and therefore may be used as a source of
information by the program routine. As such they may
be used as the alternate source of an instruction word on
self-correcting error routines.

There are eleven switches, one for each significant digit
of a word 838 and one for the sign 839.

Each switch has two sections, one for the binary level
and one for the quinary. Digit timing gates correspond-
ing to the digit position represented are fed to the com-
mon segments of each switch. For a given decimal setting
of a switch, digit gates will be distributed to the two bi-
quinary lines which represent the digit. In the case of the
sign position a plus setting distributes a DO pate to the
B5 and Q4 lines, while a minus setting distributes a D0
gate to the B5 and Q3 lines.

These storage entry switch outputs are used either
on a manual R.I. storage operation or when the output of
the address register is 8000. In the first case a forced
8000 signal (Heat 8000) is developed at terminal 841
(Fig. 81¢) by action of the control commutator and is
applied to mix 842 (Fig. 77d). In the second case an
8000 address signal is developed at terminal 843 (Fig.
71b) from the address register output and is applied to
mix 842. The output of mix 842 conditions switches 844
(Fig. 77d). The storage entry switch outputs are thus
gated through switches 844 to the selected storage output
lines, by either an 8000 address or a heat 8000 signal,
from where they may enter the distributor or program
register as the case may be.

Operation code register

The operation code register was described under Basic
Principles. The operation code is read into its latches
from the D9 and D10 positions of the program register
during the restart word interval of a “D” half cycle. Bi-
quinary indications of the Op. code value are available

from its latch outputs until it is reset by the next restart,

a program reset or a TLU band change.

Its output signals are used throughout the machine,
wherever energization of a circuit must be restricted to a
specific Op. code. Its outputs are primarily used to ener-
gize the operation code analysis circuits of the control
commutator,

Operation code analysis circuits

The operation code analysis circuits (Figs. 78a through
781) consist primarily of diode switching circuits which
match combinations of Op. register outputs with timing
pulses and gates and signals from the control commutator,
to provide signals which allow the machine to function
in accordance with the meaning of the Op. code. The
outputs of these switching circuits are used to control
advancing of the control commutator and by the arith-
metic control circuits.

Because these circuits are so closely related to and inter-
locked with the control commutator, no effort will be
made here to describe their detailed functions. The func-
tion of each will be discussed in connection with the con-
trol commutator.
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Control commutator

The control commutator (Figs. 81a through 81/) is
the machine’s calculating cycle control device. It con-
sists of a series of latches and diode switch-mix circuitry.
In general the latches are turned on and off by combina-
tions of signals from the Op. code analysis circuits, timing
pulses and gates, address register signals, signals from the
arithmetic control circuits and signals from other units
within the commutator. “On” outputs, “Off” outputs and
pulses developed when the status of a latch is changed
are used as control signals to develop R.I. control gates
and to energize the arithmetic controls.

The control commutator can be thought of as advancing
through its cycle in “word interval” time units. The num-
ber of word times required to complete a commutator
cycle will depend on the operation to be performed and
often on the location of a word in storage.

In concept the control commutator can be visualized as
two branched rings. An “I” half cycle, including restart
to “L” selection of “I" address and read-in program step,
places the instruction word in the program register. A
“D” half cycle, including restart to “D,” and subsequent
performance of the operation completes the commutator
cycle and the program step.

Latches and Signals

It was noted earlier that the operations break down into
seven groups. Each group is identified by its Q tens value.

(00and01) . ______ No Op and Stop Codes.
(108 and 60°8) - oo oo Arithmetic Codes.
(20"8) e Store Codes.

(30°8) e Shift Codes.

(40’sand 90's) . ______ Test Codes.

(70°8) e e Read and Punch Codes.
(84) e TLU.

The action of the control commutator is similar for
each of these groups. Tt will be described by following
its action through for typical codes in each of these
groups.

Before the control commutator action is explained, the
key units and signals and their functions will be listed.
These are:

Restart A latch (845, Fig. 81a): On with any restart
signal. Stores A restart signal which may occur at any
digit time and allows restart B latch to be turned on
at start of next word. Off when restart B turns on.

Restart B latch (605, Fig. 81a): On at start of next
word after restart A turns on. Provides the control com-
mutator restart word time when on. Flips alternation
control latch to indicate “D” or “I” half cycle. Condi-
tions Op. and address register entry switching. Off
at end of word. Off output conditions “I” control, “D"
control, or R—P control signal.

Alternation control latches (796, Fig. 814): Flip to
opposite status when restart B goes on. Change status
with every restart. Also can be flipped from “D” to “I"
directly, without a restart, by a “Use D” signal. Condi-
tions Op. and address register entry switching and “I”
control, “D” control or R—P control signals.

“I” control signal: Requires coincidence of alt. ctrl.
“L” run restart B off. Provides the “I” half cycle con-
trol signal.

“D” control signal: Requires coincidence of alt. ctrl.
“D,” run, restart B off, and operation interlock off.
Conditions all Op. codes except 70 and 71 and thus con-
trols the “D” half cycle on all except read and punch
operations.

R-P control signal: Requires coincidence of alt. ctrl.
“D,” run and restart B off. Conditions 70 and 71 Op.
codes.

Read code latch (849, Fig. 78%): On with coincidence
of R-P control signal, Op. code 70 and reader intlk.
(cam). Conditions RBS transfer and erase control cir-
cuits. Conditions cam back signal which provides re-
start or use “D.” Off when restart B turns on and re-
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moves “R-P ctrl.” on restart. Off when alt. ctrl. flips
and removes R-P control signal on “use D.”
Punch code latch (846, Fig. 78k): On with coinci@ence
of R-P control signal Op. code 71 and punch intlk.

(cam). Conditions PBS erase and transfer cont.rol cir-
cuits. Conditions cam back signal which provides re-
start. Off when restart B turns on and removes “R-P

control.” .

Advance read feed latch (847, Fig. 78!): On with
coincidence of read clutch control cam and pulse when
read code latch goes on. Provides signal to fire read
clutch thyratron. Off when read code latch goes off with
restart or use “D.”

Advance punch feed latch (848, Fig. 78/): On with. co-
incidence of punch clutch control cam and pulse when
punch code latch goes on. Provides signal to fire punch
clutch thyratron. Off when punch code latch goes off
with restart.

Enable read-in latch (851, Fig. 81b): Used on gdl
operations requiring a read-in program step, read-in dis-
tributor or read-in general storage. When on, it signifies
that the Op. code has been analyzed and the read-in
operation can start. Insures a delay of at least one word,
when a general storage selection is involved, to allow
time for general storage selection circuits to settle down.
Conditions turning on of start R.I. latch. Off when start
R.1. latch goes on.

Start read-in latch (852, Fig. 81b): Controls the read-
in switching to program register, distributor and general
storage. On with coincidence of enable R.I, one word
early dynamic selection and timing pulses, when a gen-
eral storage location is involved. On with coincidence
of enable R.I, upper or lower word gates and timing
pulse when 8002 or 8003 address is used. On with co-
incidence of enable R.I. and timing pulse on 8000 or
8001 address. Conditions R.I. program step and stor-
age to distributor R.I. signals and turning on of RIGS
latch, Off next ED1 after RIPS. RI1D interlock B
latch or RIGS latch goes on.

Accumulator to distributor latch (477, Fig. 81k): Used
only on codes 20, 21, 22, 23 where the word to be stored
must be transferred from the accumulator to the distribu-
tor from where it can be sent to general storage. Iis out-
put controls the distributor R.I. switching at the proper
time for the specific operation. Its output also turns on
the enable R.I. latch to start development of the RIGS
gate in accordance with the one word early signal.

RIPS signal.: Developed by start R.I. and “I” ctrl.
Turns program step regeneration off and program step
R.IL on.

Storage to distributor R.I. signal: Developed by start
R.I. on any operation requiring a read-in to distributor
from a storage location. Turns distributor regeneration
off and distributor R.I. on,

RIGS latch (853, 81f): Turned on by start R.I. on
any operation requiring a read-in to general storage from
the distributor. Provides RIGS gate to control general
storage read-write circuits.

Enable arithmetic codes latch (B854, Fig. 81h): All
arithmetic operations (10’s and 60's) require a transfer
of an operand or operator from the “D” address to the
distributor unless the “D” address is 8001. A distributor
backsignal indicates that this transfer has been completed.
Coincidence of a distributor back signal and a 10's or
60's Op. code with no 8001 address turns on the enable
arithmetic codes latch. The output of this latch condi-
tions all arithmetic codes and allows their signals to be
sent to the arithmetic controls. It is turned off with an
arithmetic restart signal.

Shift control latch (855, Fig. 78¢): Turns on for all
shift codes. Times the conditioning of shift codes and
thus the signals to arithmetic controls.

Overflow sense latch (782, Fig. 78/): Turns on when
overflow is sensed by test of adder carry. Iis status js
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tested by an Op. code 47 to provide either a restart or a
use “D” signal.

Manual start-stop latch (856, Fig. 81g): Held on by
N/C program start key. Turns off with next WPU after
program start key is depressed. Output turns run latch
on. Insures that run latch will come on at beginning of
an upper word.

Run latch (731, Fig. 81g): Provides the run control
signal necessary for the commutator to advance beyond
the end of the restart position if the display switch is in
accumulator, distributor or program step positions. Pro-
vides the manual R.I. and R.O. storage signals when the
display switch is set to either of these positions.

Single interlock latch (857, Fig. 81!): This latch when
off, conditions the development of arithmetic code signals,

store code signals, shift code signals and TLU signals. .

When any of these signals are developed they cause the
single interlock latch to be turned on thus preventing fur-
ther development of the same signals during successive
word intervals of the same commutator half cycle. The
latch is turned off by any restart or by program reset.

RIPS-RID interlock A and B latches (858 and 859,
Figs. 81c and 81f) : These latches provide an interlock to
insure that only one RIPS or storage to distributor R.L
signal will be developed on any commutator half cycle.
Interlock B must be off to obtain either RIPS or storage
to distributor R.I. Either signal when developed turns
on interlock A which turns off with the next D1 and turns
interlock B on. With interlock B on, one of the conditions
necessary for RIPS or storage to distributor R.L is re-
moved. Interlock B is reset by any restart, program reset
or manual R.L storage.

Distributor back signal latch (478, Fig. 614d): This
latch turns on with any distributor back signal. It insures
that the distributor read-in has been accomplished before
allowing a restart signal to be developed, on any opera-
tion requiring a distributor read-in. Its output switches
with ends RIGS to provide the restart signal on a store
operation and with arithmetic restart to provide the re-
start signal on an arithmetic operation. It is reset by the
next storage to distributor R.L. signal or accumulator to
distributor R.I. signal.

Operation interlock latch (791, Fig. 81/): The off out-
put of this latch is one of the conditions needed for the
development of the “D" control signal and for the turn-
ing of the start R.I. latch on an 800X address. The
arithmetic and shift operations make use of the accumu-
lator and distributor and may require several word times
for their completion. The restart signal on these opera-
tions is developed during the first operation word interval,
Thus the commutator can advance concurrently with the
performance of the operation and allow the next instruc-
tion to be located, read into program step storage, restart
to “D” and transfer the new Op, code and “D” address
to the registers. At this point further advance of the
commutator cannot be allowed until the preceding oper-
ation is completed. This interlocking is done by allow-
ing arithmetic and shift signals to turn on the operation
interlock latch, removing one of the necessary conditions
for “D” control. When an arithmetic or shift instruc-
tion has an 800X “I" address, the location of the next in-
struction must be prevented until the preceding operation
is complete, since the instruction itself is in the process
of being developed by the operation. This is accom-
plished by the Op. interlock off condition necessary for
turning on the start R.L

The action of the program control commutator and Op.
code analysis circuits will be described for each of the
following conditions:

A. “I” half cycle, starting with a restart signal; “I”
address portion of instruction word in program register
will be used to locate the new instruction.

B. “D” half cycle, starting with a restart signal, oper-
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ations in each of the following code groups will be de-
scribed.

00, 01—No Op. and Stop

10’s and 60's—Arith, operations
20's—Store operations

30's—Shift operations

40's and 90’s—Test operations

(6) 70 and 71—Read and Punch

(7) 84-—Table Look-up

C. Manual R.O. Storage Operation.

D. Manual R.I. Storage Operation.

“I” half cycle—Objectives:

(1) Reset Op. and address registers.

(2) Transfer D1-D4 (“I” address) from program reg-
ister to address register.

(3) Allow one word early signal to develop RIPS R.L.
and regeneration control gate and read-in program step
from selected storage, or if “I” address is 800X develop
RIPS control gate immediately without waiting for one
word early.

Circuit operation:

(1) Restart signal from “D” half cycle switches at
switch 861 (Fig. 81a) with exceed address interlock and
restart B off, to turn on restart A.

(2) Restart A stays on until next DXDP after restart
B comes on, if display switch is in one of the run posi-
tions or until program reset.

(3) Restart A output resets Op. and address registers
and switches with DXCP at switch 862 (Fig. 81a) to turn
restart B on.

(4) Restart B stays on for one word time, until next
NWP, through its latch back circuit.

(5) Restart B output switches with DXDP at switch
863 (Fig. 814) to flip alternation control latches to “L”

(6) Alt. ctrl. “I” output switches with D1-D5 timing
gates at switch 607 (Fig. 69a) to provide addr. reg. R.I.
control.

(7) Alt. ctrl. “I" output turns on “I"” Op. light 79§
(Fig. 74b).

(8) Alt. ctrl. “I” output switches at switch 864 (Fig.
81d) with run control signal and restart B off to provide
“I” control. This signal becomes available when restart
B goes off.

(9) “I” control turns on enable R.I. and conditions
RIPS.

(10) Enable R.I. stays on through a latch back circuit
until start R.I. comes on.

(11) Enable R.I. output switches at switch 865 (Fig.
81e) with one word early dynamic selection gate, DSCP,
and No. 800X address to turn on start R.L, if “I"” address
is in general storage. Here, several word times may pass
after enable R.I. turns on before one word early is avail-
able, depending upon the location of the instruction.

(12) Enable R.I. output switches at switch 866 with
DXCP, operation interlock off, the appropriate upper or
lower word gate where necessary, and a specific 800X
address, to turn on start R.L, if the “I” address is not in
general storage. Here, the only waiting necessary is for
the proper upper or lower word time, if the “I”’ address
is upper or lower accumulator.

(13) Start R.I. on output switches at switch 867 (Fig.
815) with RIPS-RTD interlock B off and RIGS off to pro-
vide a latch back circuit which holds start R.I. on. Tts
on output also switches with a NEDI at switch 868 in a
parallel latch back circuit which attempts to release the
latch at every D1 time. The latch thus stays on until the
next D1 after either RIPS-RID interlock B or RIGS
goes on,

(14) Start R.T. on output switches at switch 869 (Fig.
81c) with “T” control, RTPS-RID interlock B off and
DXBP to develop the RIPS signal.

(15) RIPS (DXBP) goes to program step capacitor
storage (Fig. 62b) to operate the read-in and regeneration
controls and turns on RIPS-RID interlock A.

(1)
(2)
(3)
4)
(3)
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(16) RIPS—RID interlock A luiches back until the next
NEDI. When it unlatches a capacitor coupled cathode
follower pulse turns on RiPS-KID interlock B, allowing
start R.I. to unlaich as in (13) above and preventing a
second development of RIPS signal.

(17) At the end of the program step read-in word
time, during which the information from the storage loca-
tion selected by the “1” address has entered program step
storage, the program step R.l. and regeneration control
latches are turned off (Figs. 624 and 62!). When the
regeneration latch 871 (Fig. 62!) turns off a capacitor
coupled cathode follower pulse (program step back sig-
nal) is developed and sent to the common restart line to
cause a commutator restart.

“D” half cycle: The restart part of a “D” half cycle is
similar to that of the “1” half cycle except that the alter-
nation control latches are flipped to “D.” This provides
D535-D10 time control for the address and Op. register
read-in switching resulting in the transfer of digits 5-10
(“D” address and Op. code) from the program register to
the Op. and address registers.

When restart B goes off, at the end of the restart word
interval, it switches with run control and alt. control "D’
to develop read-punch control. This signal is further
switched with operation interlock off, to develop “D”
control.

From this point on the circuit operation depends on the
Op. code. R-P control and “D” control condition the
Op. code analysis circuits to allow the operation to start.

No Op. and stop codes (00 and 01)—Objectives: On a
00 operation it is only necessary to develop a restart sig-
nal and proceed with the next program step.

On a @1 operation a restart must be developed but the
run latch must also be turned off so that calculation will
stop at the end of the next restart word with the “I” ad-
dress in the address register and the control commutator
ready to continue on the interrupted “I"’ half cycle.

Circuit operation:

(1) “D” control is switched at switch 872 (Fig. 784)
with BO Tens, Q0 Tens and B0 Units from the Op. code
register to develop 0's Op. signal. This signal is separately
switched at switches 873 and 874 with Q0 Units and Q1
Units to provide either a No Op. or stop signal.

(2) If No Op. is developed it is used as a restart
signal,

(3) If Stop is developed it mixes to provide the same
restart signal and if the programmed stop switch is closed
also develops a programmed stop signal to turn the run
latch off.

Arithmetic codes (10’s and 60’s)—Objectives: The per-
formance of all 10’s and 60’s codes requires the transfer
of an operator or operand from a storage location spec-
ified by the data address to the distributor, unless the “D”
address is 8001, in which case the data is already in the
distributor and no transfer is needed. This preliminary
transfer is common to all 10’s and 60’s and must be ac-
complished before those Op. code analysis circuits which
send the signals to the arithmetic controls are energized.

To accomplish this a part of the Op. code analysis cir-
cuits are tested by “D” control to determine which of the
seven general Op. code groups is present. The presence
of an Op. QI tens indicates that a 10’s or 60’s is to be
performed. This signal must then cause the commutator
to advance through an enable R.L, start R.I. sequence as
on the “I” half cycle, except that with “D” control present
instead of “I” control, a storage to distributor R.1. signal
must be developed rather than RIPS. A distributor back
signal will then indicate completion of the data transfer
and will energize the arithmetic codes of the Op. code
circuits,

“If the “D” address is 8001, no transfer is necessary.
The test for a 10’s and 60’s condition develops either Q1T
and 8001 or QIT and no 8001. TIf the former signal is
developed no enable R.I.-start R.I. sequence is necessary.
Instead, the arithmetic codes are immediately energized.
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If the Op. code is 69 (load distributor) only the enable
R.I.-start R.1. sequence is needed. Energization of the
arithmetic codes must be blocked and the distributor back
signal must instead cause a restart.

Circuit operation (“D” Address not 8001):

(1) “D” control switches at switch 875 (Fig. 814)
with QIT and No 800 to develop 10°s and 60°s NB0OO1.

(2) 10’s and 60's N8001 turns on enable R.I. which
stays on until start R.I. comes on.

(3) Enable R.I switches with one word early, DICP
and No 800X at switch 865 or DXCP, Op. interlock off
a specific 800X signal and the appropriate upper or lower
word gate where necessary at switch 866, to turn start
RI. on. Start R.I. stays on until the next D1 time after
RIPS-RID interlock B comes on.

(4) Start R.I. switches at switch 876 (Fig. 81c) with
10’s and 60's N8001, RIPS-RID interlock B off and
DXBP to develop storage to distributor R.1.

(5) Storage to distributor R.I. controls distributor
R.I. and regeneration latches and turns distributor back
signal latch 877 (Fig. 81%) off. It also turns on RIPS-
RID interlock A which goes off at the next D! time and
turns on interlock B. Interlock B prevents a second
development of storage to distributor R.I,

(6) Distributor back signal, a capacitor coupled cath-
ode follower pulse when distributor regeneration latch
goes off, switches with 10’s and 60’s N8001 at switch
878 to turn on enable arithmetic codes latch. Tt also
turns on the distributor back signal latch. (This gate
actually lasts from DXL to D1L. The timing overlap
of EWL and WL provides a DXL to DSL gate but single
interlock will go on at DIL causing the enable arith-
metic codes gate to terminate at D1L.)

(7) Enable arithmetic codes stays on until turned off
later by the arithmetic restart signal switched at switch
879 with distributor back signal latch output.

(8) Enable arithmetic codes switches at switches 881
and 882 with single interlock off, EWL (D5U to DSL),
WL and Op. Q1! tens to provide an enable arithmetic
codes gate from cathode follower 883.

(9) Enable arithmetic codes gate conditions that part
of the Op. code analysis circuits (Fig. 78/) which make
the detailed arithmetic Op. code analysis and send the
signals to the arithmetic control circuits,

(10) Enable arithmetic codes gate switches with D1
at switch 884 (Fig. 78f) to develop a start 10’s or 60’s
signal which turns the single interlock latch 857 (Fig.
81/) on. This terminates the enable arithmetic codes

gate,

(11) Fig. 81i shows that the output of the switch 882
which develops the enable arithmetic codes gate is taken
through a double inverter 885 and cathode followers
883. When the gate terminates as in (10) the positive
shift at the first anode of the double inverter turns the
operation interlock latch 791 on through a capacitor
coupled cathode follower.

(12) Depending upon the value of the digits in the
Op. code register, the Op. code analysis circuits now
develop either add, subtract, multiply or divide signals
and upper or lower signals. Note that the timing pulses
are such that the add, subtract, multiply and divide
signals last for DXL and DOL and the upper and lower
signals for DX1..

(13) These signals are sent to arithmetic control where
they turn on a control latch to initiate the specific opera-
tion. The output of any arithmetic control latch mixes
to turn on the arithmetic operation latch,

(14) Arithmetic operation turns on arithmetic re-
start which is reset with the next D9.

(15) -Arithmetic restart switches with D6 to develop
an arithmetic restart signal. ‘This signal switches with
distributor back signal latch output at switch 879 to
turn off enable arithmetic codes latch.

(16) When enable arithmetic ‘codes latch 854 goes
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inverters first anode is the restart signal. Note that
this signal is sent at D6 time of the first word interval
following energization of the arithmetic control circuits.

Circuit operation (“D” Address 8001):

(1) “D” control switches at switch 886 with Op. Q1
tens and an 8001 signal from the address register to
drive capacitor coupled cathode follower which turns
on enable arithmetic codes Jatch. No enable R.I.-start
R.L sequence is initiated.

Circuit operation (Op. code 69):

(1) An Op. code of 69 would probably always be
accompanied by a N8001 address.

(2) “D” control switches with Op. Q1 tens and N800}
to develop 10’s and 60’s N8001 and initiate an epable
R.I-start R.]1. sequence to read-in the distributor.

(3) Code 69 from Op. code circuits (Fig. 78¢) is
mixed at mix 887 (Fig. 81h) and inverted by power
amplifier 888 to hold enable arithmetic codes latch off.
(This same inverter was used to reset the fatch on the
previous operation.)

(4) Distributor back signal switches at switch 878
with 10’s and 60’s N8001 and attempts to turn on enable
arithmetic codes latch, but fails to do so because of (3)
above.

(5) Distributor back signal switches with code 69
at switch 889 (Fig. 78¢) to provide a restart signal.

Store codes (20’s)—Obijectives: The store codes pro-
vide a means of transferring information from arith-
metic storage (accumulator or distributor) to general
storage. A store Op. code is always accompanied by a
general storage data address.

A transfer from accumulator to general storage is
accomplished by first transferring the data from accum-
ulator to distributor and then from distributor to gen-
eral storage. On these operations the direct data flow
path from accumulator on time output to distributor R.I.
switching is used.

To do this the control commutator must, upon sensing
a store accumulator code, develop an accumulator to
distributor R.I. control gate for the proper upper word,
lower word or portion of a lower word. Concurrently
with the development of this gate it must also initiate an
enable R.I-start R.I. sequence which will allow the one
word early signal to time the development of a RIGS
gate, This RIGS gate will then allow the transferred in-
formation to enter general storage from the distributor.
It will be seen that an enable R.l.-start R.I. sequence
in combination with a 20’s code, will result in turning on
the RIGS latch instead of the development of an RIPS
or storage to distributor R.I. signal as in the previous
cases.

If a store distributor code is sensed, the accumulator
to distributor control is not developed. Instead the en-
able R.I.-start R.I. sequence is started immediately re-
sulting in the development of a RIGS gate and the entry
into general storage of the data already in the distributor.

Circuit operation (Store Acc. codes 20, 21, 22, 23):

(1) “D” control switches with Op. B0 tens, Q2 tens and
BO units to develop a store code signal.

(2) This signal is switched at switch 891 (Fig. 81j)
with single interlock off and DP and further separately
switched with the Q units Op. value and timing gates to
turn on accumulator to distributor R.I. latch 477 (Fig.
81k). The combinations of Q units values and timing
pulses are such that the latch is turned on at D10U for
code 20, D10L for code 21, D3L for code 22 and DXL
for code 23. In each case the latch is turned on two
digit times in advance of the time when the distributor
R.I gate must be opened.

(3) The accumulator to distributor R.L latch is turned
off by the next D9 on codes 20 and 21, the next D7 on a
code 22 and the next D3 on a code 23.

{(4) Accumulator to distributor R.I. output goes to
the distributor to initiate the development of the dis-

off a capacitor coupled cathode follower pulse from its T8 tributor R.I. gate. A capacitor coupled cathode follower
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pulse through cathode follower 892 (Fig. 81k) is the
start accumulator to distributor R.I. signal which controls
the distributor regeneration latch and turns off the dis-
tributor back signal latch.

The use of these gates and pulses to control distributor
R.I. and regeneration was described in connection with
the distributor and is shown in the timing chart of
Fig. 60.

(5) When accumulator to distributor R.I. is turned
off, a capacitor coupled cathode follower pulse through
cathode follower 893 is the end accumulator to distrib-
utor R.I. signal which controls distributor regeneration
and turns the single latch 857 (Fig. 81/) on.

(6) The same capacitor coupled cathode follower
pulse which interrupted distributor regeneration when
the accumulator to distributor R.I. latch turns on is also
used to turn on enable R.I. (Fig. 8156).

(7) Enable R.1. switches with one word early, D9CP
and No 800X at switch 865 (Fig. 8le) to turn on start
R.I. (Fig. 81b).

(8) Start R.I. switches at switch 894 (Fig. 81f) with
the 20’ signal and DI0 to turn on RIGS and provide
the necessary one digit early, general storage write gate
which controls the read-write matrix.

(9) RIGS latch output mixes with RIPS-RID inter-
lock B output and turns start R.1. off on all 20°s codes.

(10) RIGS on ouiput is switched with start R.I. off
and D10 to turn RIGS off with the next D10 after it is
turned on.

(11) A capacitor coupled cathode follower pulse when
RIGS goes off is the end RIGS signal which switches with
distributor back signal latch on at switch 895 (Fig. 814)
to provide a restart.

Circuit operation: (Store Dist. code 24):

(1) “D” control switches with Op. BO tens, Q2 tens
and BO units to develop the 20’s signal.

(2) This signal is switched with single interlock off
and DP at switch 896 (Fig. 81j) and further switched
with Q4 units at switch 897 to turn on enable R.I.

(3) The enable R.I.-start R.I. sequence develops
RIGS as in the preceding circuit.

(4) Enable R.L. switches with the 24 code DP signal
at switch 898 (Fig. 81/) to turn on the single interlock
latch,

Shift codes (30's)—Objectives: The four shift oper-
ations, shift right (code 30), shift right and half correct
(code 31), shift left (code 35) and shift left and count
(code 36) are all performed by repositioning the digits
stored in the accumulator. No transfer of data between
storage locations is required. The program control cir-
cuits therefor have little to do except to sense the shift
code and send a properly timed signal indicative of the
shift operation to the arithmetic controls.

When the shift code is 30 or 35 the program controls
must also determine whether or not the shift number
(units position of address register) is zero, If it is zero,
no signal is sent to arithmetic controls and a restart is
developed.

Restart from n shift operation will be similar to an
arithmetic operation and operation interlock is required
since the performance of a shift operation may require
several word times.

Proper timing of the shift signals is accomplished by
the shift control latch (Fig. 78¢). It must be remem-
bered that the “D” control signal, developed when restart
B goes off, starts at the beginning of a word interval but
the word could be cither upper or lower. All shift opera-
tions start at lower word time. Shift control is timed to
turn on just prior to the beginning of a lower word and
insures that the signals will be developed during a lower
word interval.

Circuit operation:

(1) “D” control switches with single interlock off Op.
BO tens and Q3 tens at switch 899 (Fig. 78¢) to develop
a shift signal.
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(2) This signal is switched with D10U at switch 901 to
turn on shift control latch 855.

(3) Shift control stays on until the next EDXU and
thus is on for an entire lower word.

(4) A capacitor coupled pulse through cathode fol-
lower 902 (Fig. 78b) when shift control goes off, turns on
the single interlock latch.

(5) Shift control switches with Op. B5U and Op.
Q1U at switch 903 (Fig. 78¢) to develop a left shift and
count gate for use by the arithmetic controls, This gate
is from D10U through DIOL.

(6) Shift control switches with Op. BOU and Op.
Q1U at switch 904 to develop a shift right and half cor-
rect gate for use by the arithmetic controls. This gate is
D10U through DI10L.

(7) Shift control switches with EDXL and Address
000X to provide a timed signal to be used in testing for
the presence of a code 30 or code 35 (switch 905,
Fig. 78b).

(8) This shift control, EDXL test signal switches at
switch 906 with a blanking gate which is normally up, to
turn on the operation interlock latch (Fig. 81i). Fig.
78b shows how this blanking gate is developed by switch-
ing Op. code 30 or 35 with shift control and address 0000
and inverting this signal to form the blanking gate.
Whenever all three conditions coincide the gate is down
and blanks the turning on of the Op. interlock latch.

(9) This test signal is separately switched with Op.
BOU and Op. QOU at switch 907 to provide a right shift
signal for the arithmetic controls and with Op. BSU and
Op. QOU at switch 908 to provide a left shift signal for
arithmetic controls. Either of these signals are EDXL
gates.

(10) The shift control, EDXL test signal is also
switched with Address 0000 and then with either Op. code
30 or 35 and a BP at switch 909 to provide a restart sig-
nal on a zero shift number condition. These are the same
conditions which develop the blanking gate as in (7)
above. Therefore the operation interlock latch is not
turned on when the shift number is zero.

(11) When any of the above shift signals is developed
it is sent to arithmetic controls where it turns on the shift
count, shift right and half correct, left shift or right shift
latch and initiates the operation.

(12) The outputs of these arithmetic control latches
mix to turn on the arithmetic operation latch.

(13) Arithmetic operation turns on arithmetic restart
which stays on until D9 and while on switches with D6
and O?. Q3 tens to provide the restart signal for all shift
operations.

(14) The arithmetic operation latch is allowed to reset
when the specific arithmetic control latch turns off at the
end of the operation.

(15) A capacitor coupled cathode follower pulse when
the arithmetic operation latch goes off is the end of 'opera-
tion signal which resets the operation interlock latch 791
(Fig. 81i) and allows the commutator to advance.

Test operations (40's and 90’s): The 40's codes allow
tests to be made of accumulator plus, minus, zero, non-
zero and overflow no-overflow conditions and provide a
means of branching from the main routine if the results
of the test indicate minus, non-zero or overflow. The
90's codes allow a test to be made of any distributor posi-
tipn, 1 through 10, for the presence of an 8 or 9 and pro-
vide a means of branching from the main routine when-
ever the position tested contains an 8.

Code 44 tests for an on or off output from an accumula-
tor non-zero double latch 911 (Fig. 84). This latch is
tgrned off every DOU time and turns on whenever an on
time output from a D1 through D10 accumulator position
is other than BO and Q0. The zero test of the upper ac-
cumulator must therefore be made at DXL time, after
each position of the upper accumulator has had a chance
to turn the latch on. Code 45 tests the same non-zero
double latch except that the test is not made until DXU,
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after each position of both upper and lower accumulator
have had a chance to turn the latch on. In these cases
then, the test is made the next EDXL or EDXU after the
commutator provides the “D” control signal to energize
the Op. code analysis circuits. When the test finds the
non-zero latch off, a zero condition is indicated and a re-
start signal must be developed. If the test finds the latch
on, a use “D” signal must be produced.

Fig. 81d shows how a use “D" signal is inverted to pull
the “D” alt. latch off and turn the “I” alt. latch on. Thus
a use “D” effectively replaces *“D” control with “I” con-
trol in the middle of a commutator cycle. Further ad-
vance of the control commutator is in the “I" branch.
An enable R.I.-start R.I. sequence occurs and program
step storage is read into from the “D” address in the
address register.

Code 46 tests to discover whether the accumulator plus
sign or accumulator minus sign latch is on. These latches
were set up when the last accumulator entry was made.
No waiting for a special test time is required and the test
is timed by the appearance of “D” control. If the plus
latch is found on, a restart is developed. If the minus
latch is on a use “D” is developed.

Code 47 tests for an accumulator overflow condition
as indicated by the status of the overflow sense latch 782
(Fig. 78f). If this latch is off, a restart is signalled. If
it is on, the next D1 turns it off and a capacitor coupled
cathode follower pulse through cathode follower 912
when it goes off is the use “D” signal.

The 90’s codes test the distributor. During the word
interval following the appearance of “D” control the
Op. code value is switched with digit timing pulses to
produce a test gate. The digit interval during which the
test gate is developed depends on the value of the Op.
code such that:

Code 920 produces a D10, code 91 produces a D1, code
92 produces a D2, code 93 produces a D3, code 94
produces a D4, code 95 produces a DS, code 96 produces
a D6, code 97 produces a D7, code 98 produces a DS,
code 99 produces a D9. This test gate is then separately
switched with the distributor B5-Q3 on time outputs and
the B5-Q4 on time outputs to develop either a use *D"
or a restart,

The accumulator non-zero latch circuit is shown in
Fig. 84. A non-zero condition in any digit position of
the accumulator is detected by the circuit of Figs. 83« and
83b. This non-zero digit gate (Fig. 83b) is taken to turn
on the accumulator non-zero latch and the accumulator
non-zero check latch 912 (Fig. 84). These latches are
reset each DOU. When both are on a non-zero test signal
is available. When both are off, a zero test signal is
available. These are the signals which are tested at either
DXL or DXU by codes 44 and 45. The non-zero check
latch merely provides duplicate circuitry to insure more
reliable circuit operation.

The operation of the accumulator plus and minus
sign latches, which are tested by code 46, will be explained
under arithmetic controls.

The overflow sense latch whose status is tested by code
47 was explained under overflow light.

Read and punch operations (70’s): A read code (70)
provides an automatic reader cycle. A reader cycle in-
cludes energization of the read clutch, transfer of the
information already in RBS to 10 Address selected gen-
eral storage locations, erasure of RBS to blanks and
entry of the new card data into RBS.

A punch code (71) provides an automatic punch cycle.
A punch cycle includes energization of the punch clutch,
erasure of PBS to blanks, transfer of the information in
10 address selected general storage locations to PBS and
punching from PBS of this transferred information.

Table Look-Up {84)—Objectives: The Table Look-Up
operation provides a means whereby a stored table can be
consulted and the storage address of the argument of the
desired function, obtained. Most of the work in per-
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forming table look-up operations is done by the arithmetic
control circuits. It is only necessary for the program
control circuits to sense the TLU code, turn on the TLU
control latch 916 (Fig. 86¢) at the proper time, and re-
ceive a TLU end signal from arithmetic controls to pro-
vide a restart signal.

The TLU operation allows storage of table arguments
in the first 48 word positions of any general storage band.
The last two word times of a band (Words 8 and 9 of
Sector 4) are used for switching and transfer time by
the TLU circuits. In order to be ready to start a search
at the beginning of a band, the TLU control latch should
turn on during W9 of S4.

Circuit operation:

(1) “D” control switches with B5T, Q3T, BOU, Q4U
and Single Interlock off at switch 913 (Fig. 78h) to pro-
vide a TLU signal from cathode follower 914,

(2) This signal switches with S4, W9 and D0 timing
gates at switch 915 (Fig. 86¢) to turn the TLU control
latch 916 on.

(3) The output of this latch through mix 917 (Fig.
81I) turns single interlock latch 857. The output of the
TLU control latch is also sent to arithmetic controls where
it energizes the TLU circuits.

(4) Later it will be seen that a carry from the adder
on a TLU operation (from TLU carry latch 918 Fig.
86d) is a signal that the desired argument has been found.
This carry signal turns off the TLU control latch.

(5) A capacitor coupled cathode follower pulse when
the TLU carry latch turns off is the restart signal.

ARITHMETIC CONTROLS

The arithmetic operations, add, subtract, multiply,
divide, shift and table look-up (10's and 60's, 30's, 84)
are accomplished in general by merging, in the adder,
distributor and accumulator outputs, or their substitutes,
or general storage and distributor outputs. These out-
puts are merged in sequences as specified by the operation
and the result is stored back in the accumulator.

The Accumulator Entry control gates are: (1) Ac-
cumulator regeneration. (2) Accumulator read-in. (3)
Accumulator reset. (4) Right shift.

The Adder Entry control gates are: Entry A: (1)
Accumulator true add. (2) Accumulator complement
add. (3) Accumulator true-complement add. (4) Left
shift. (5) Table look-up selected storage add. (6)
Table look-up program add. (7) Shift number gate.
Entry B: (1) Distributor true add. (2) Distributor
complement add. (3) Distributor blanking gate. (4)
Special digit entry. (5) Early distributor zero control
and zero entry. (6) Table look-up on time distributor
add.

The way in which the accumulator and the adder re-
spond to these control gates has been discussed in the
basic principles sections on the accumulator capacitor
storage unit and the one digit adder unit.

It is the function of the arithmetic control circuits,
upon receipt of a signal from program indicative of the
operation, to interpret this signal and develop the above
gates as necessary for accomplishment of the operation,
The arithmetic controls must also send ‘restart” and
“end of operation” signals back to program at the proper
time to allow further advance of the control commutator
and removal of the operation interlock.

All other coded operations (0’s, 20’s, 40’s and 90’s, 70s)
are accomplished directly by signals developed by the
program control circuits.

Several special control circuits which are not associated
with any particular operation or group of operations are
energized by the arithmetic controls.

These are: (1) Arithmetic operation and arithmetic
restart. (2) Upper-lower check (adder control gate),
(3) Adder output zero insert control. (4) No carry
insert-carry blank and carry insert-no carry blank, (5)
Accumulator sign read-out.
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The arithmetic control circuits which develop these
accumulator, adder and special control gates will be
generuliy covered in the following paragraphs, In a later
section specific examples of add, subtract, multiply,
divide, shift and table look-up operations will be de-
scribed with reference to the wiring diagram, timing
charts and function charts.

In most cases the accumulator and adder control gates
are used by several operations. There are therefore sev-
eral conditions under which the gate is developed and
signals from several different arithmetic operation con-
trol circuits are mixed, any of which will produce the
gate. In the paragraphs immediately following the de-
scription will be confined to the gate and the mix circuits
which control it. The multiple mix inputs are labeled so
that each operation which develops the gate is seen.
The development of the actual operation control signals
which feed the mix will be described later under specific
examples of arithmetic operations.

Special controls

Arithmetic operation and arithmetic restart.—On arith-
metic operations the restart signal is sent back to program
control shortly after the operation signal is received by
arithmetic control, before the operation is completed.
This allows the control commutator to advance on its
“I” half cycle, find the next instruction and begin its inter-
pretation, concurrently with the performance of the op-
eration by arithmetic control. The control commutator’s
operation interlock will prevent its advance beyond the
point where there would be conflict between the arith-
metic operation in process and an operation called for
by the new instruction. At the end of the arithmetic
operation in process, an end of operation signal developed
by arithmetic control releases the operation interlock and
allows the control commutator to advance.

These circuits are shown in Figs. 85a through 85¢.

Key units are the arithmetic operation latch 919 (Fig.
85d) and the arithmetic restart latch 921 (Fig. 85d).

Circuit operation:

(1) Elsewhere in the arithmetic control circuits an
operation sei-up latch will have been turned on by a
signal from program control.

(2) The outputs from any of these several latches
(accumulator true add, accumulator complement add,
left shift, right shift, half correct add 5, shift count,
divide, multiply, complement result, complement adjust,
and overflow stop) mix to turn on the arithmetic opera-
tion latch.

{3) The set-up latches stay on, until turned off by the
arithmetic control circuit at the end of the particular
operation and, while on, hold the arithmetic operation
latch on.

(4) The arithmetic operation latch attempts to turn
off with each NEDX gate and will finally do so after
the particular set-up latch, which is holding it on, turns
off.

(5) When the arithmetic operation latch goes on, a
capacitor coupled cathode follower pulse, through cath-
ode follower 922, turns on the arithmetic restart latch.
The capacitor coupling insures that arithmetic restart will
go on only once for each operation.

(6) Arithmetic restart output is switched with a D6
gate at switch 923 and fed through cathode follower 924
to provide the arithmetic restart signal which is sent back
to program control to restart the control commutator.
The arithmetic restart latch is reset at D9,

(7) When the arithmetic operation latch goes off with
the next NEDX gate after the completion of the opera-
tion, a capacitor coupled cathode follower signal through
cathode follower 925 is the end of operatoin signal sent
back to program control to turn off the operation inter-
lock latch.

(8) Parallel arithmetic restart and end of operation
signals are provided by another circuit on a shift count
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operation when the D10U position of the accumulator
is not zero and therefore the shift count is zero.

Upper-lower check—adder control gate—It will be re-
called from the description of the one digit adder in the
section on basic principles that an upper-lower check gate
was required as one of the conditions necessary to allow
the distributor early outputs through to the adder, in
either true or complement form. The purpose of this
gate is to insure that either an upper or a lower signal
and not both has been sensed and that both reset and no
reset are not present before allowing distributor values to
enter the adder.

The circuits which develop this gate are shown in
Fig. 86a.

Key units are the upper control latch 926 (Fig. 86a)
and the lower control latch 927 (Fig. 86a).

Circuit operation:

(1) On ail add and subtraét upper codes 4 DXL upper
signal is developed in program control. On divide codes,
where the divisor is subtracted and added to the upper
accumulator, a DXL-DOL gate is developed in program
control. These signals mix at mix 928 to turn on the
upper control latch, This latch stays on through its latch
back circuit until the next NWPL.

(2) On all add and subtract lower codes a DXL
signal is developed in program. During TLU operation,
a program add signal is developed and, during multiplica-
tion, when the multiplicand is to be added in the lower
accumulator a DXL signal is developed. These signals
mix at mix 929 to turn on the lower control latch. This
latch stays on until the next NWPL through its latch back
circuit.

(3) The outputs of the upper control and lower con-
trol latches mix at mix 931 to give an upper or lower
gate from cathode follower 932,

(4) This upper or lower gate switches with an in-
verted upper and lower gate at switch 933 to give the
U-L check gate from cathode follower 934,

The upper and lower gate is not normally present ex-
cept for an error.

(5) Reset and no reset gates, from program, are
switched at switch 935 and mixed with upper and lower
at mix 936 to provide also an inverted reset and no reset
gate as an additional check on the proper sensing of reset
signals.

Adder output zero insert control gate.—It will be re-
called from the basic principles discussion of the adder
that the adder output, zero insert circuit forces zeros
on the adder output lines by holding the B0 and QO
latches on and all others off.

This insertion of zeros into the accumulator is used in
several of the arithmetic operations. The circuits which
develop the zero insert gate are shown at Fig. 85e.

As an example, on the last part of a divide with reset
operation, zeros must be entered into the upper accumu-
lator to replace the remainder. The switching at switch
937, mixed at mix 938 operates the cathode follower
939 to accomplish this.

On add or subtract operations a zero must be inserted
at DOL time since regeneration is interrupted for DOL
and no other output is available from the adder for
entry in DOL position of the accumulator. This is ac-
complished by the switching and mixing at switch 941
and mix 938.

The other conditions which require zero insertion will
be described later in connection with specific operations.

No carry insert-carry blank, carry insert-no carry
blank.—Either a carry or a no-carry condition can be
forced into the adder carry, no-carry latches by action
of the carry insert-no-carry blank and no-carry insert
blank signals. The circuits which provide these gates
are shown in Fig, 85e.

On add and subtract operations, when the sign analysis
indicates that a complement adder entry is to be made
from either accumulator or distributor, a carry condition
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must be forced at DOL time. This causes D1 to be
analyzed by the adder just as if a carry had been left
from a preceding digit and provides the means of in-
jecting the “elusive one” into the first significant position
for correct 10’s complement arithmetic.

If no complement entry is indicated a no-carry con-
dition must be set up at DOL time for proper addition
of the two true numbers.

When a complement entry is to be made the comple-
ment accimulator or distributor signal is developed and
energizes the carry insert-no carry blank circuit including
switches 942, 943 and 944, to insert a carry at DOL, ex-
cept when the QO0Un digit latch is on during a divide
operation.

When a true entry is to be made the lack of a com-
plement accumulator or distributor signal is inverted at
inverter 945 (Fig. 85s) to a no complement signal to
energize the no carry insert-carry blank circuit including
switches 946 and 947 (Fig. 85¢), except when the “H.C.
add 5” latch is on during a shift right and half correct
operation.

Other conditions requiring a no carry insert-carry
blank are: (1) Table look-up program add, D0. (2)
Every DXL.

Other conditions requiring a carry insert-no carry
blank are: (1) TLU selected storage add, D1. (2) On
a divide operation, D11 when the quotient digit latch is
on. This injects the “elusive one” into the D2 position
when the divisor is being subtracted. The quotient is
developed by entries into the D1 position.

The above is accomplished by switching and mixing
the various signals as shown at Fig. 85e.

Accumulator sign read-out—The sign of the accumu-
lator is not held in capacitor storage but is stored in the
accumulator sign latches 948 and 949 (Figs. 850 and
85t). These latches are set up when an accumulator
entry is made.

The accumulator on time outputs are available for
display or for entry to the distributor from D1 through
D10 time. At DO time either a B5 and Q4 or a BS and
Q3 must be supplied, depending on whether the accumu-
lator plus or minus sign latch is on. Normally the sign
of the accumulator applies to both the lower and upper.
Therefore these B5-Q4 or B5-Q3 indications must be
supplied at both DOL and DOU times so that a sign indi-
cation will be available for display or distributor entry
regardless of which half of the accumulator is being read
out,

On a divide operation the sign of the remainder will
be the same as the sign of the dividend. At the beginning
of each divide operation the accumulator sign is trans-
ferred from the accumulator sign latches to the re-
mainder sign latches 951 and 952 (Figs. 850 and 85:).
These latches are not reset until the next mult. or div.
operation. The remainder sign is therefore available
from the remainder latches after the division is com-
pleted.

When a divide without reset is programmed the re-
mainder will be left in the upper accumulator at the end
of the operation and the remainder control latch 953
(Fig. 851) will be on. Under these conditions the sign
indicated by the remainder sign latches will be supplied
at DOU time instead of the sign indicated by the ac-
cumulator sign latches. The accumulator sign latches
will, however, still control the sign supplied at DOL
time.

The above objectives are accomplished by the switch-
mix circuitry of Fig. 850 which develops DOL and DOU
gates on either the accumulator plus R.O. or the accumu-
lator minus R.O. line through cathode followers 954 and
955 by switching and mixing the various signals as
shown. The DOL and DOU gates are sent to selected
storage switching at Fig. 73a where an accumulator
plus R.O. raises the B5-Q4 lines and an accumulator
minus R.O. raises the B5-Q3 lines.
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Accumulator entry controls

Accumulator regeneration control.—The action of the
accumulator regeneration gate has been explained in the
basic principles section on the accumulator. The cir-
cuits which control this gate are shown at Fig. 85c.
The gate is produced by the on output of the accumutator
regeneration latch 956 (Fig. 85¢). Any operation re-
quiring an accumulator R.I. must cause this latch to turn
off at the beginning of the read-in interval and back on
at the end of the interval. For example, on any add or
subtract operation an accumulator entry is indicated hy
the turning on of either the accumulator true add latch
957 (Fig. 85m) or the accumulator complement add
latch 958 (Fig. 85m). When either of these latches goes
on a mixed signal from mix 959 and cathode follower
961 is developed which turns accumulator regeneration
off at EDOL. On these operations it will remain off for
two word intervals and will turn back on with the next
WPL.

Other operations which require accumulator entries
and therefore control the accumulator regeneration latch
are multiply, divide, right shift, left shift and TLU.

The accumulator regeneration controls will be de-
scribed later, in connection with the specific operations.

Accumulator read-in controfs~—An accumulator R.I.
gate which is up for the R.I. interval must be developed
whenever the accumulator is to receive information from
the adder. It is developed by the switch-mix circuitry by
switching and mixing the various signals as shown at Fig.
85h and, from cathode followers 962, complements the
accumulator regeneration gate on all accumulator entries
from the adder.

Accumulator reset controls—On add with reset and
subtract with reset operations an accumulator reset gate
is developed. The effect of this gate on the accumulator
was covered in basic principles under accumulator capaci-
tor storage. This gate is developed by the reset latch 963
(Fig. 85n). The latch turns on at DXL time with coin-
cidence at switch 964 of reset and add or subtract signals
from the Op. code analysis circuits. It stays on for two-
word intervals and turns off with the next NWPL. Its
on output is the reset gate which connects to the accumu-
lator at Fig. 64d and controls accumulator reset. [Its out-
put also mixes at mix 965 (Fig. 85n) with a no reset signal
from the Op. code analysis circuits to provide a reset-no
reset check signal at the output of cathode follower 966
which is one of the conditions necessary to the develop-
ment of an accumulator true add, accumulator comple-
ment add or distributor complement add signal,

The reset latch output also switches with the DXL-DOL
add or subtract signal at switch 967 to turn the accumu-
lator plus sign latch on and again to turn the accumulator
minus sign latch off,

Accumulator right shift control.—As explained under
accumulator capacitor storage, a right shift operation is
accomplished by allowing the accumulator early latch
outputs to control the pedestal lines. A right shift gate
controls the switching which connects the early outputs
to the pedestal lines.

Figs. 852 and 85f show how the output of the right
shift latch 968 (Fig. 85a) is switched with a negative
DXL and DOL gate at switch 969 (Fig. 85f) to produce
a right shift gate from the outputs of cathode follower
971 which is up for DIL through D10U. This gate does
not include DXL and DOL. Entry to these positions is
from the adder; a zero insert at DXL time and the shift
number at DOL time.

Adder entry controls
Accumulator true add, accumulator complement add,
accumulator true-complement add, distributor true add
and distributor complement add are included in the udder
entry controls.
Add substract controls

Add and subtract operations are accomplished by merg-
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ing accumulator early outputs and distributor early out-
puts in the adder. An accumulator true add gate allows
accumulator early outputs to enter the adder in true
form; an accumulator complement add gate allows ac-
cumulator early outputs to enter in complement form,
and an accumulator truc-complement add gate controls
the Q2 entry line, which is the same for both true and
complement entries. A distributor true add gate is neces-
sary to allow distributor early outputs to enter the adder
in true form, and a distributor complement add gate is
necessary to allow distributor early outputs to enter the
adder in complement form. The Q2 line here is only
controlled by the distributor blanking gate, which is al-
ways up for any distributor entry, so that the Q2 line
receives the distributor Q2 early output on either a true
or complement entry.

On some operations the entire two words of the ac-
cumulator early output must be allowed to enter the
adder in true form. In these cases the accumulator true
add gate must be available for the two accumulator word
times and is developed by turning on the accumulator
truc add latch 957 (Fig. 85m). Examples of these opera-
tions are: add, subtract, multiply, divide and right shift
and half correct.

On other operations a true adder entry from the ac-
cumulator early output is only required at DXL or DOL
time. In these cases the accumulator true add gate is
developed for the necessary digit interval by switch-mix
circuitry which parallels and mixes with the accumulator
true add latch output.

A complement adder entry of accumulator early outputs
is required for some add and subtract operations. This
requires an accumulator complement add gate which is
developed for the two accumulator word times when the
accumulator complement add latch 958 is turned on.

The distributor true add gate, which allows distributor
early outputs to enter the adder in true form, is continu-
ously available from the off side of the distributor true
control double latch 972 (Fig. 85r). Notice that this
latch is turned off by every WPL through mix 973. Any
operation which requires a complement distributor entry
must therefore turn this latch on. This latch will be
turned on for some add and subtract operations and dur-
ing division when the divisor is subtracted. These same
operations must also cause the distributor complement
add latch 974 (Figs. 85m and 85r) to turn on, to provide
the distributor complement add gate.

On add and subtract operations the algebraic sign of
the operation code, the number in the distributor and the
number in the accumulator must be analyzed to deter-
mine the proper combination of true or complement entry
to the adder which will accomplish the desired result.
The switch-mix circuitry which makes this sign analysis
and controls the accumulator and distributor true and
complement latches is shown at Figs. 85/ through 850 and
85q through 85¢. The key latches are: Distributor plus sign
975 (Fig. 85r), distributor minus sign 976 (Figs. 85¢g and
85r), accumulator plus sign 948 (Fig. 850), accumulator
minus sign 949 (Fig. 85¢), distributor true control 972
(Fig. 85r), distributor complement add 974 (Figs. 85m
and 85r), accumulator true add 957 (Fig. 85m), accumu-
lator complement add 958, complement result 977 (Fig.
85s) and complement adjust 978 (Fig. 85n).

The sign of the number in the distributor is deter-
mined by the value of the DO position, plus if 9, minus
if 8. This sign in transferred to the distributor plus and
minus latches at each DO time, by switching a Q3 out-
put from the distributor with D0 and a CP at switch 979
(Fig. 85g) to turn on the minus latch or a Q4 with D0
and a CP at switch 981 (Fig. 85r) to turn on the plus
latch, Both latches are reset at DXU time with a
NWPU. This distributor plus or minus indication is
switched with add or subtract and absolute or no abso-
lute Op. code signals at switches 982 and 983 (Fig. 85¢9)
and switches 984 and 985 (Fig. 85/) to provide a dis-
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tributor #Jd or distributor subtract signal ut the outputs
of cathode followers 986 (Fig. 85/) and 987 (Fig. 85q).
These add or subtract signals are from the Op. code
analysis circuits and last from DXL through DOL, a two
digit gate, The add or subtract Op. code signals are
also mixed at mix 988 to provide an add or subtract sig-
nal st the output of cathode follower 989, This signal
is used to turn on the reset latch if the Op. code is a
reset code and to reset the accumulator plus and minus
sign latches to plus, on a reset code. The add or sub-
tract sigpul is also used to aperate the adder output zero
incert circuit (Fig. 85¢) =t DOL. This is necessary so
that a zero will be placed in the DOL position of the
accumulator to satisfy the validity check circuits since
there is no normal output from the adder at this time
and regeneration is interrupted starting with DO.

The distributor add or distributor subtract signals from
cathode followers 986 and 987 (DXL-DOL gates) are
further switched at switches 991, 992, 993 and 994 (Figs.
85m and &5r) with accumulator plus or minus indications
from the accumulator sign latches to produce either an
accumulator true, an accumulator complement or a dis-
tributor complement signal from cathode follower 995,
996 or 997. The switches 991, 992, 993 and 994 are
further conditioned by a reset or no-reset check signal
from cathode follower 966 (Fig. 85n) to insure that either
a resel or a no-reset condition has been sensed.

These accumulator true, accumulator complement or
distributor complement signals are used to control the
distributor true control, distributor complement, accumu-
lator true and accumulator complement latches to pro-
vide the gates which allow entry to the adder.

The distributor true control double latch 972 at Fig.
85r is turned off with every WP, Thus it will normally
be off until a distributor complement signal is developed,
and in this off state provides a distributor true gate for
true entry of distributor digits to the adder. Where a
distributor complement signal is developed, this latch
is turned on at EDQ by switch 998. The distributor com-
plement latch 974 at Figs. 85m and 85r is also turned
on at EDO by a switch 999. Both latches stay on until
the next WPL. The output of the distributor comple-
ment latch is the distributor complement gate which
causes the distributor output to enter the adder in com-
plement form. An analysis of the circuit objectives in-
dicates that a distributor complement entry should always
be accompanied by an accumulator true entry. This is
accomplished by the capacitor coupled cathode follower
1001 (Fig. 85m) from the distributor complement latch.
When this latch goes on, the accumulator true add latch
is turned on by this cathode follower circuit through its
latch back diode at switch 1002. Thus the distributor
complement signal provides a distributor complement
add gate and an accumulator true add gate. Once on,
the accumulator true add latch stays on until the next
NWPL and its output mixes at mix 1003 (Fig. 85d) to
provide the accumulator true gate at the output of cath-
ode follower 1004 (Fig. 85/) for true entry of accumu-
lator digits into the adder. Also, whenever this latch
is on, it provides an accumulator R.I. gate and a signal
to turn on the arithmetic operation latch as described
previously under arithmetic restart, The output of the
accumulator true add latch is also used as one of the
conditions for turning on the overflow stop latch 779
(Fig. 68a), when two true numbers are combined and a
carry occurs from DI10U indicating that the capacity of
the accumulator has been exceeded. The accumulator
true latch 957 (Fig. 85m) when on, mixes at mix 959
to turn off the accumulator regeneration latch and inter-
rupt accumulator regeneration.

When the sign analysis results in an accumulator true
signal, this signal is switched with an EDQ at switch 1005
to turn on the accumulator true latch, whose output is
used as above. No signal is devcloped which can affect
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the distributor true control latch so it is left off and
thus provides the distributor true gate.

An accumulator true entry to the adder may be ac-
companied by ecither a distributor true or complement
entry. When the sign analysis indicates an accumulator
true, distributor complement combination the adder con-
trolling gates are developed as above under control of a
distributor complement signal. When an accumulator
true, distributor true combination is indicated the con-
trolling gates are developed as a result of the accumu-
lator true signal,

When the sign analysis results in an accumulator com-
plement signal it is necessary to develop an accumulator
complement gate and a distributor true gate to control
adder entry. The accumulator complement signal is
switched with EDO at switch 1006 to turn on the accum-
ulator complement latch. The output of this latch is
the accumulator complement gate. It also provides an
accumulator R.I. gate from cathode followers 962 (Fig.
85h) and controls the accumulator regeneration latch.
No signal is developed to affect the distributor true latch
so it is left off to develop the distributor true gate.

Notice that when either an accumulator true or an
accumulator complement add gate is developed, mix 959
provides the accumulator true or complement gate which
controls the Q2 adder entry A line.

There are twelve possible combinations of Op. code,
distributor and accumuiator signs on add and subtract
operations. On six of these twelve combinations it is
known that the result sign will be the same as that of the
original accumnulator number. No change in the status
of the accumulator sign latches is required. These are
the six combinations where both entries are true. If
either entry is to be complement, as indicated by either
a distributor complement or accumulator complement sig-
nal, the sign of the result will not be known until the
operation is complete. The result must then be analyzed
for a true or complement condition. This is done by
checking for a carry or no-carry from D10U. A carry
means the result is a true number and therefore plus.
No-carry means the result is a complement and therefore
minus. When any complement entry is indicated, both
accumulator sign latches will be turned off. A carry
from D10U (plus result) will then turn the accumulator
plus latch on. No-carry from D10U (minus result) will
indirectly cause the accumulator minus latch to be turned
on. When the result in the accumulator is complement,
as indicated by no-carry, an additional complement ad-
just cycle must be taken during which the complement
number in the accumulator is run through the adder as
a complement entry and merged with zeros substituted
for the distributor valve, This converted mumber is
read into the accumulator where it is available for further
use. A no-carry condition turns on the complement
result latch 977 (Fig. 85s), to initiate a complement ad-
just cycle.

If either the complement distributor or the complement
accumulator latch has been turned on (at ED0) as a
result of the sign analysis, a complement distributor or
accumulator gate is developed by mix 1007 (Fig. 85s),
the double inverter 1008 and the cathode follower 1009,
This gate is switched at switch 1011 with a no comple-
ment adjust gate and a no divide gate to provide a com-
plement add sign control gate at the output of cathode
follower 1012, and is inverted at inverter 945 to provide
the no complement gate from the output of cathode fol-
lower 1013 used by the carry insert circuits. The com-
plement add sign control gate is switched at switch 1014
(Fig. 85¢) with no multiply, no divide, and D1L to pro-
vide an accumulator sign reset signal from cathode fol-
lower 1015 (Fig. 850) to turn off both sign latches, and
is switched at switch 1016 (Fig. 855) with multiply-divide
blank and D10UBP to provide a complement resuit test
signal from cathode follower 1017. This signal is
switched with a carry signal at switch 1018 (Fig, 85n)
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to turn on the accumulator plus sign latch and with a
no-carry signal at switch 1019 (Fig. 85s) to turn on the
complement result latch which is reset at DIL. While
the complement result latch is on its output holds the
arithmetic operation latch on and switches with EDXL
at switch 1021 (Fig. 85m) to turn on the complement ad-
just latch. This latch stays on until the next NWPL
through its latch back circuit. The output signal from
the off side of the accumulator minus sign latch 949 (Fig.
85¢) is used at mix 1022 (Fig. 85s) as a check to insure
that the minus sign latch has been turned on before the
complement adjust latch is allowed to turn off. The com-
plement adjust latch output provides the necessary con-
trols for the complement adjust cycle. It is switched with
EDXL at switch 1023 (Fig. 857) to turn on the accu-
mulator minus sign latch. It mixes at mix 1024 (Fig. 86A)
to provide a distributor blanking gate from cathode fol-
lower 1025. 1t is switched at switch 1026 (Fig. 86g)
with an accumulator minus sign gate to operate the
special digit “add zeros” circuit of Fig. 86g for substi-
tution of zeros in place of distributor values for entry
into the adder. It mixes at mix 1027 (Fig. 85¢) to hold
the arithmetic operation latch on. It switches at switch
1028 (Fig. 85¢) with EDXL or EDOL to operate the
adder output zero insert circuit. It is inverted by in-
verter 1029 (Fig. 85s5) to blank a possible second reset
of the accumulator sign latches and a second result test.

On all add or subtract operations, if no complement
entry is indicated, the lack of a complement distributor
or accumulator gate at the output of cathode follower
1009 (Fig. 85s) is inverted to a positive no complement
distributor or accumulator gate at the output of cathode
follower 1013, This gate switches at switch 947 (Fig.
85¢) with DOL and HC add 5 off to provide carry blank
and no carry insert signals for setting the adder carry
latches to a no-carry status at DOL time., If a comple-
ment entry is indicated the presence of the complement
distributor or accumulator gate, inverted to negative at
inverter 945 (Fig. 85s) causes the switches 947 and 946
(Fig. 85¢) to be blocked so that the carry blank and
no carry insert signals are not provided. Instead, the
complement distributor and accumulator gate switches
at switches 942 and 944 with DOL and quo, digit off, to
provide carry insert and no carry blank signals for setting
the adder carry latches to a carry status at DOL time. In
this way the “elusive one” is injected into the first sig-
nificant position for correct 10’s complement arithmetic.

Left shift gate

A left shift gate allows the accumulator on time out-
puts to enter the adder. This left shift gate is needed on
programmed left shift operations and on multiply and
divide operations. On programmed left shifts it is de-
veloped by the left shift latch 1031 (Fig. 85h). On
multiply and divide operations it is developed by the
M-D left shift latch 1032 (Fig. 85k). In either case the
latch output is switched with a negative DX and negative
DO significant digit off. Thus when the significant digit
latch 1033 (Fig. 85b) is off, the left shift gate is up for
DIL through DI0L, down for DXU and DOU, up for
D1U through D10U and down for DXL and DOL. When
the significant digit latch is on, DO is included in the left
shift gate.

Table look-up selected storage add gate and table look-up
on time distributor add gate

On a table look-up operation (Fig. 120), the contents of
the first 48 storage locations of a general storage band are
successively compared with the contents of the distribu-
tor. When a number in a general storage location equals
or exceeds the searching argument in the distributor, the
address of this location is placed in the “D" address
positions of the lower accumulator, The comparison is
made by merging, in the adder, the complement of the
distributor on time outputs with the successive general
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storage outputs and checking for a carry from the D10U
position (at DXL time). A TLU selected storage add
gate and a TLU distributor add gate allow these adder
entries to be made.

These control gates are developed when the TLU
latch 916 (Fig. 86c) is on. The latch output is switched
at switch 1034 with a D1 through D10 gate and a nega-
tive S4, W8 and 9 gate to provide the TLU selected
storage add gate from the output of cathode follower
1035 and TLU on time distributor add gate from cathode
follower 1036 for D1 through D10 of each word of the
band except words 48 and 49,

Table-look-up program add gate

When no equal or higher argument is found in the
successive comparison of the first 48 words of a band
(0 through 47) the next band must be selected and a
similar comparison made, To effect this selection the
number in the address register must be increased by 50.
This is accomplished during word intervals 48 and 49
by running the program register through the adder and
merging it with zeros and special digits substituted for
distributor outputs so that 50 is added to its data address.
This modified word is then stored back in the program
register and the modified data address read into the ad-
dress register. This action is called program add and is
accomplished by the program add gate developed when
the program add latch 1037 (Fig. 86b) is turned on.
The program add latch is turned on by a TLU band
change signal which is developed when S4, W8 is reached
and no carry has been sensed.

Shift number gate

On shift operations a shift number (units position of
address register) determines how many positions the ac-
cumulator is to be shifted. The complement of the num-
ber in the units position of the address register enters the
adder at DXL time where it is merged with a special digit
“1” to form a 10’s complement. This complement shift
number is stored in the DOL position of the accumulator
where it is available for entry to the adder to be increased
by the “1” at each DXL time at the beginning of each
shift “cycle.” Shifting then continues until the shift
number goes to zero as indicated by a carry from DOL.

The number in the units position of the address register
is allowed to enter the adder whenever a DXL, shift num-
ber gate is developed. This gate is developed for DXL
time of the first word of any left shift, right shift, shift
right and half correct or shift left and count operation.

Distributor blanking gate

The distributor blanking gate controls the distributor
true and distributor complement gates to allow early
distributor outputs or substituted zeros through, to the
adder B entry lines. This distributor blanking gate is
up for all operations where the distributor early outputs
or substituted zeros are used and is down for all opera-
tions where special digit values are substituted in place of
distributor outputs. It is necessary to prevent a conflict
of information from the two sources on the adder input
lines.

The gate, which is normally up, is lowered by the in-
verted switch and mix circuitry outputs shown at Fig.
86h. It is lowered by all special digit gates, by the right
shift gate, left shift gate, left shift latch, complement
adjust gate, TLU selected storage add gate and the M-D
left shift latch.

Special digit gates

The special digit circuits provide a means of supply-
" ing specific digit values to adder entry B. They are used
to change the value contained in an accumulator posi-
tion as necessary to accomplish the operation. The spe-
cial digit circuits are used primarily in the shifting and
TLU operations.

Each special digit gate raises two adder B entry, bi-
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quinary lines to provide an adder B entry representative
of the particular digit gate. For example, an add zero
gate raises the BO-QO lines, etc.

The gates are produced by switch-mix circuitry shown
at Figs. 6e through 86A4. Each operation requiring a
special digit entry actuates the necessary special digit
circuit for that time interval during which the accumu-
lator digit which is to be changed is presented to the
adder A entry. For example, on left shift, right shift
and M-D left shift, a “one” must be entered at DXL to
combine with the shift count number stored in the DOL
accumulator position, which is presented to adder A entry
from the accumulator early output at DXL time. This
increases the shift number by one. This is accomplished
by mixing the outputs of the right shift latch, the left
shift latch and the M-D left shift latch at mix 1038
(Fig. 86g) and switching this signal from cathode fol-
lower 1039 with a DXL timing gate at switch 1041 to
raise the add one line for DXL time,

Distributor zero entry and control gates

On operations such as add or subtract lower, add or
subtract upper, multiply, divide, etc., the entire two words
of the accumulator enter the adder via adder entry A.
The contents of the distributor enters adder entry B to
merge with either the upper or lower accumulator word
as the case may be. On an add lower operation, zeros
must be entered at entry B, in place of the distributor
early outputs, during the time that the upper word is
entering the adder. On an add lower operation, zeros
must be substituted for the distributor values during
upper word time.

This is accomplished by the early distributor zero con-
trol gate and the early distributor zero entry gate. The
zero control gate blocks the early distributor outputs and
the zero entry gate raises the BO-QO lines to allow a
true or complement zero entry to adder entry B.

These pgates are developed by switch-mix circuitry
under control of the upper and lower word control latches
926 and 927 (Fig. 86a). These latches are turned on at
the beginning of a lower word interval by an upper,
lower, divide or multiply signal from the Op. code analy-
sis circuits or by a TLU signal. They remain on until the
next DXL. While on, their outputs switch with upper
word or lIower word timing gates as shown in Figs. 86a,
86b, 86c and 86d to provide the zero control and zero
entry gates.

A parallel circuit develops these gates for each D10
interval. This supplies a zero to fill the gap created by
the missing DX position of the distributor (if there were
a DX position it would be read out at D10 time).

Another parallel circuit develops these gates for each
DX interval to substitute a zero early output in place of
the sign indication (8 or 9) contained in the DO position
for entry to the adder. The sign is only used when the
distributor word Is sent to general storage or displayed.

Circuit operation for add and subtract

An add or subtract operation is accomplished by merg-
ing the two accumulator words in the adder with distribu-
tor outputs and zeros. On an add or subtract upper
operation the lower accumulator word will merge with
zeros and the upper with distributor values. On an add
or subtract lower, zeros will be merged with the upper
word and the lower will merge with the distributor values,
A sign analysis will indicate whether the accumulator
and distributor entries are to be true or complement and
will set the accumulator sign latches to properly indicate
the sign of the sum.

It will be recalled from program control, that each
10’s and 60’s operation is preceded by a control com-
mutator enable R.I.-start R.I. sequence which places the
operator in the distributor. A distributor back signal
at the completion of this distributor read-in turns on
the enable arithmetic codes latch whose output switches
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with single interlock off, EWL and WL to provide a
DXL through D4L gate which which energizes the arith-
metic Op. code analysis circuits. Bach arithmetic op-
eration will be considered as starting at the beginning of
this lower word interval, when the DXL-DOL add, sub-
tract, multiply or divide signals and the DXL upper or
lower signals energize the arithmetic controls. Of course
other signals such as absolute, no absolute, reset and
no reset will be available continuously as long as “D”
control is up.

Code 10—Add Upper.

Conditions: Op. code plus, distributor sign plus, ac-
cumulator sign plus.

Signals from Program: No Reset, No Absolute, “D”
Control, Upper (DXL), and Add (DXL and DOL).

Objectives:

(1) Analyze signs and develop accumulator true add
gate and accumulator true-complement add gate for DOL
through D10U.

(2) Turn on arithmetic operation latch, restart,

(3) Leave accumulator plus sign latch on since sum
will be plus.

(4) Develop accumulator R.I. gate for DOL through
DI10U.

(5) Remove accumulator regeneration gate for DOL
through D10U,

{6) Turn upper control latch on and develop dis-
tributor zero control and entry gates for the lower word
time (DXL through D10L); develop U-L check gate.

(7) Operate adder output zero insert circuit for DOL
time to put zero in DOL position of accumulator since
regeneration gate is down and no other output is available
from adder.

(8) Because there is no complement entry, insert a
no-carry at DOL.

(9) Allow arithmetic operation latch to turn off at
completion of operation. This will develop the end of
operation signal to turn off operation interlock and allow
the commutator to advance.

Circuit operation:

(1) Add signal from program (DXL and DOL) (Fig.
78{) switches with no absolute from program (Fig. 78f)
and distributor plus latch 975 (Fig. 85r) output at switch
984 (Fig. 851) to give an add distributor signal (DXL
and DOL) from cathode follower 986.

(2) Add signal from program also mixes at mix 988
to give add or subtract signal which operates adder out-
put zero insert circuit at DOL.

(3) No reset signal from program (Fig. 78¢c) mixes
at mix 965 (Fig. 85n) with reset latch output (not on
for this operation) to give reset-no reset check gate
from cathode follower 966.

(4) Add distributor signal switches with reset-no
reset check and accumulator plus latch output at switch
991 (Fig. 85m) to give a DXL and DOL accumulator
true add signal.

(5) Accumulator true add signal switches with EDO
at switch 1005 to turn on the accumulator true add latch
987, which latches back until the next NWPL,

(6) Accumulator true add latch output turns on
arithmetic operation latch 919 (Fig. 85d) which pro-
vides operation interlock through cathode follower 725
to operation interlock latch 791 (Fig. 81/) and arithmetic
restart through cathode follower 922; mixes at mix 1042
(Fig. 85h) to become accumulator R.I. gate; switches
at switch 1043 (Fig. 68d) with D10U, carry pulse from
adder, distributor true and distributor blanking gate to
indicate an overflow if accumulator capacity is exceeded
when two true numbers are added; mixes at mix 1003
(Fig. 85i) to develop the accumulator true add gate;
mixes at mix 959 to control accumulator regeneration.

(7) Accumulator true add gate mixes at mix 1044
(Fig. 85i) to develop accumulator frue-complement add

gate.
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(8) No signal is developed to turn the distributor true
control latch 972 (Fig. 85r) on; it stays off and continues
to develop the distributor true control gate. This gate
switches at switch 1048 (Fig. 67g) with distributor blank-
ing gate and U-L check to develop the distributor true
add gate. It also switches at switch 1043 (Fig. 86d)
to detect an accumulator overflow as in (6) above.

(9) No signal is developed to change the status of
the accumulator sign latches (plus on, minus off}.

(10) Upper control latch turns on (DXL) and switches
with WL at switches 1046 and 1047 (Fig. 86a) to de-
velop distributor zero control and entry gates. It also
mixes at mix 931 to develop the U-L check gate.

(11} Accumulator lower word enters adder, merged
with zeros from distributor zero entry. Adder output
enters lower accumulator positions.

(12) Accumulator upper word merges with distributor
early outputs. Adder output enters accumulator upper
word positions.

(13) When accumulator true add latch 957 (Fig. 85m)
goes off with NWPL, no parallel signal has been pro-
vided to hold arithmetic operation latch 919 (Fig. 85d)
on any longer. It turns off with NEDX and provides
end of operation signal to turn operation interlock 791
(Fig. 81i) off and allow commutator to advance.

Code 10—Add Upper.

Conditions: Op. code plus, distributor sign plus, ac-
cumulator sign minus.

Signals from Program: No Reset, No Absolute, “D”
Control, Upper (DX), and Add (DXL and DOL).

Objectives:

(1) Analyze signs and develop accumulator comple-
ment add gate and accumulator true-complement add
gate for DOL through D10U. Retain distributor true add
gate.

(2) Turn on arithmetic operation latch, restart.

(3) Because a complement entry is indicated, develop
complement add sign control gate to reset accumulator
sign latches. )

(4) Develop accumulator R.I. gate for DOL through
D10U.

(5) Remove accumulator regeneration gate for DOL
through D10U.

(6) Turn upper control latch on to develop distributor
zero control and entry gates for the lower word time
(DXL through D10L) and to develop U-L check gate.

{7) Operate adder output zero insert circuit for DOL
time to provide a zero to store in accumulator DOL
position.

(8) Because a complement entry is indicated, block
the no-carry insert at DOL and provide a carry insert.

(9) Wait for carry or no-carry at D10U to indicate
whether sum is plus or minus, If sum is plus (DI10U
Carry): (a) Turn on accumulator plus sign latch. (b)
Allow accumulator regeneration to turn on, remove ac-
cumulator R.I gate. (c) Allow arithmetic operation latch
to turn off; turn off Op. interlock and advance commu-
tator.

If sum is minus (No Carry D10U), number in ac-
cumulator is complement and must be converted. Minus
sign latch must be turned on: (a) Turn on complement
result latch instead of plus sign latch. Turn on comple-
ment adjust latch. (b) Hold arithmetic operation latch
on; hold accumulator R.I gate on and regeneration
off; turn on accumulator minus sign and provide neces-
sary gates to enter accumulator complement and merge
with zeros.

Circuit operation:

(1) Add signal from program switches with no abso-
lute and distributor plus to give add distributor signal
as in (1) above under circuit operation.

(2) Add or subtract signal is also developed as in
the preceding circuit, to insert zero at DOL.
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(3) No reset signal develops reset-no-reset check gate
as before.

(4) Add distributor signal switches with reset-no reset
check and accumulator minus latch output at switch
993 (Fig. 85m) to give a DXL and DOL accumulator
complement add signal.

(5) Accumulator complement add signal switches with
EDO at switch 1006 to turn on accumulator complement
add latch 958 until an NWPL time, when no input signal
is available to override the unlatching action.

(6) Accumulator complement add latch output turns
on arithmetic operation latch, provides operation inicr-
lock and arithmetic restart as above; mixes at mix 1048
to provide accumulator R.I. gate; provides accumulator
complement add gate; mixes at mix 1044 (Fig. 85/) to
give accumulator true-complement add gate and mixes
at mix 959 to turn off accumulator regeneration.

(7) Accumulator complement add latch output also
mixes at mix 1007 (Fig. 85s) to provide accumulator
or distributor complement gate.

(8) No signal is developed to turn the distributor true
control latch on; it stays off and continues to develop
the distributor true control gate which with distributor
blanking and U-L check give distributor true add.

(9) Accumulator or distributor complement gate is
inverted at inverter 945 to block no carry insert at DOL
and also switches at switch 942 (Fig. 85¢) to provide a
carry insert at DOL for correct 10’s complement arith-
metic,

(10) Accumulator or distributor complement gate
switches at switch 1011 (Fig. 85s) with divide off and
no complement adjust to give a complement add sign
control gate which is up until complement adjust comes
on.
(11) Complement add sign control switches at switch
1014 (Fig. 85¢) with multiply off, divide off and DIL
to reset the accumulator sign latches. This is at the
beginning of the two accumulator entry word intervals.

(12) Upper control latch turns on (DXL) and switches
with WL at switches 1046 and 1047 (Fig. 86a) to devel-
op distributor zero control and entry gates; it also mixes
at mix 931 to develop the U-L check gate.

(13) Accumulator lower word enters adder, merges
with zeros supplied by zero control and zero entry cir-
cuits, Adder output enters lower accumulator positions
controlled by accumulator R.I. gate.

(14) Accumulator upper word merges with distributor
early outputs. Adder output enters upper accumulator
positions. D10U positions of accumulator and distribu-
tor enter adder at D9U time. Carry or no carry pulse,
as a result of analysis of DIOU position, is available
from adder during D10 time.

(15) Complement add sign control gate used in (11)
above is still up. This gate switches with D10U, BP
and M-D blank at switch 1016 (Fig. 85s) to give a D10U,
complement result test gate.

(16) Complement result test switches with carry pulse
from adder at switch 1018 (Fig. 85n) to turn on accu-
mulator plus latch if result of operation is plus (true).
In this case accumulator complement add latch turns off
with next NWPL, arithmetic operation latch is allowed
to unlatch with NEDX, operation interlock turns off and
commutator advances.

(17) Complement result test switches with no carry
from adder at switch 1019 (Fig. 855) to turn on com-
plement result latch 977 if result of operation is minus
(complement). This Jatch resets with the next DI1L
through its reset inverter 1049,

(18) Complement result latch output mixes at mix
1027 (Fig. 85¢) to help hold arithmetic operation on
through its unlatching time, and switches with FDXL at
switch 1021 (Fig. 85m) to turn on complement adjust
latch and to hold accumulator complement add on
through its unlatching time.

(19) Complement adjust latch output also mixes to
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help hold arithmetic operation on; switches at switch
1023 (Fig. 85¢) to turn accumulator minus sign on; mixes
at mix 1024 (Fig. 86h) to lower distributor blanking
gate for DXL through DI10U; switches at switch 1026
(Fig. 86g) with accumulator minus to operate the spe-
cial digits add zeros circuit to supply zeros to adder
entry B for the conversion word intervals (DXL through
DI10U); switches with DXL and DOL at switch 1028
(Fig. 85¢) to operate the adder output zero insert cir-
cuit for the conversion, just as the add-subtract signal
did for the add cycle (zero insertion is needed for DXL
as well as DOL here because accumulator regeneration
is not functioning) is inverted at inverter 1029 to remove
the complement add sign control gate and prevent a
second complement result test.

The complement adjust latch stays on through its
latch back circuit until the next NWPL after the accumu-
lator minus sign latch has been turned on.,

(20) With the above gates developed, the contents of
the accumulator will again be run through the adder in
complement form, merged with zeros supplied by the
special digits add zero circuit and entered back in the
accumulator.

(21) Complement adjust turns off with NWPL after
conversion.

(22) Accumulator complement add also turns off
with this NWPL.

(23) Accumulator true or complement add gate is re-
moved allowing accumulator regeneration to turn on with
WPL.

(24) Arithmetic operation turns off with NEDX, oper-
ation interlock turn off and commutator advances.

Codel10—Add Upper.

Conditions: Op. code plus, distributor sign minus, accu-
mulator sign plus.

Signals from Program: No Reset, No Absolute, “D”
Control, Upper (DXL) and Add (DXL and DOL).

Objectives:

(1) Analyze signs and develop distributor complement
add gate for DOL through D10U, accumulator true add
gate and accumulator true-complement add gate for
DOL through DI0U.

(2) Turn on arithmetic operation latch, restart.

(3) Develop complement add sign control gate to reset
accumulator sign latches.

(4) Develop accumulator R.I. gate for DOL through
D10U.

(5) Remove accumulator regeneration gate for DOL
through D10U.

(6) Turn upper control latch on to develop distribu-
tor zero control and entry gates for the lower word
(DXL through D10L) and to develop U-L check gate.

(7) Operate adder output zero insert circuit for DOL
time.

(8) Block no carry insert, provide carry insert.

(9) Wait for carry or no carry at D10U to indicate
whether sum is plus or minus.

If plus (D10U carry): (@) Turn on accumulator plus
sign latch. (b) Allow accumulator regeneration to
turn off; remove accumulator R.I. gate. (c) Allow
arithmetic operation to turn off; turn off operation inter-
lock and advance commutator,

If sum is minus (No carry D10U)}: (a) Turn on com-
plement result instead of plus sign. (&) Turn on com-
plement adjust. (c¢) Hold arithmetic operation on; hold
accumulator R.I. gate on and accumulator regeneration
off; turn on accumulator minus sign and provide neces-
sary gates to enter accumulator in complement form and
merge with zeros.

Circuit operation:

(1) Add signal from program switches at switch 983
(Fig. 85¢) with no absolute and distributor minus to
give a DXL and DOL, subtract distributor signal at the
output of cathode follower 987,
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(2) Add or subtract signal is developed at cathode
follower 989 (Fig. 850) to give zero insert at DOL.

(3) No reset signal develops reset-no reset check gate
as before.

(4) Subtract distributor signal switches with reset-
no reset check gate and accumulator plus at switch 994
(Fig. 85r) to give a DXL and DOL distributor comple-
ment add signal at cathode follower 997.

(5) Distributor complement add signal switches with
EDO at switch 998 to turn distributor true control on
and remove the distributor true add gate at adder B
entry.

(6) Complement distributor signal also switches with
EDO at switch 999 to turn on the complement add dis-
tributor latch which stays on for two words through its
latch back circuit until the next NWPL.

(7) As the complement add distributor latch goes on
a plus pulse from its right hand inverter anode feeds a
capacitor coupled cathode follower 1001 (Fig. 85m) to
turn on the accumulator true add latch through its latch
back switch-mix circuit.

(8) The distributor complement add latch provides
the distributor complement add gate at adder entry B
and mixes at mix 1007 (Fig. 85s) to give the accumulator
or distributor complement add gate at the output of cath-
ode follower 1009.

(9) The accumulator true add latch provides the accu-
mulator R.I. gate, the accumulator true add gate and
turns accumulator regeneration off. Accumulator true
add gate mixes at mix 959 (Fig. 85m) to give accumu-
lator true-complement add gate.

(10) From this point on the circuit operates as in the
preceding circuit description. A carry from DI0U turns
on the accumulator plus latch and allows the commutator
to advance.

No carry turns on complement result, complement
add accumulator and complement adjust and a conversion
sequence results,

Code 10—Add Upper.

Conditions: Op. code plus, distributor sign minus, accu-
mulator sign minus.

Signals from Program: No Reset, No Absolute, “D”
Control, Upper (DXL), and Add (DXL and DOL).

Objectives:

(1) Analyze signs and develop distributor true add
gate, accumulator true add gate and accumulator true-
complement add gate, for DOL through D10U.

(2) Turn on arithmetic operation latch, restart.

(3) Leave accumulator minus sign latch on since the
sum will be minus,

(4) Develop accumulator R.I gate, DOL through
D10U,

(5) Turn off accumulator regeneration gate, DOL
through D10U.

(6) Turn on upper control latch and develop distribu-
tor zero control and entry for the lower word time (DXL
through D10L); develop U-L check gate.

(7) Adder output zero insert at DOL.

(8) Imsert n-carry at DOL.

(9) Allow arithmetic operation to turn off at comple-
tion of operation and advance commutator.

Circuit operator: The circuit operation except for the
sign analysis is identical to that of accumulator plus,
distributor plus.

Code 11—Subtract Upper: The subtract upper code
(11) can be accompanied by the same accumulator and
distributor sign combinations as explained in connection
with code 10. The sign analysis circuits function to de-
velop the necessary gates in a way similar to that above.
The circuit operation then is the same as one of the
four described under code 10.

Codes 15 and 16—Add or Subtract Lower: The circuit
operation for these codes is similar to that for code 10.
The difference is that the distributor early outputs must
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merge with the accumulator lower word and the distributor
zero control and entry circuit must function in conjunc-
tion with the accumulator upper word. This difference
is controlled by the turning on of the lower control latch
927 (Fig. 86a) by a lower signal from program instead
of the upper control latch as in code 10. This causes
the distributor zero control and entry circuit to be oper-
ated for an upper word time and also develops the U-L
check gate needed for development of the distributor true
add gate.

Codes 17 and 18—Add or Subtract Absolute Lower:
In these codes the sign of the distributor is ignored. In
add or subtract distributor signal (DXL and DOL) is pro-
duced solely on the basis of the operation sign and is
switched with the accumulator sign indication to provide
the necessary true or compiement gates. Reference to
the Op. code analysis circuits of Figs. 78a through 78/
will show that the absolute codes always cause a lower
signal to be developed. This causes the lower control
latch 927 (Fig. 86a) to be turned on and results in merg-
ing the accumulator Jower word with distributor early out-
puts and the upper word with zeros from the zero entry
circuit. Circuit operation is the same as explained under
code 10.

Add or subtract with reset

Codes 60, 61, 65, 66, 67, 68: These are the reset codes.
The circuit operation is the same as described under codes
10, 11, 15, 16, 17 and 18 except that a reset signal from
program replaces the no-reset signal. This causes the
reset latch 963 (Fig. 85n) to be turned on when the add-
subtract DXL and DOL signal is developed. The output
of the reset latch provides the reset-no-reset gate at
cathode follower 966; is the reset gate sent to the ac-
cumulator at Fig. 644 which resets the accumulator to
zeros and forces zeros from the accumulator early out-
puts as explained under accumulator capacitor storage;
switches with the DXL and DOL add or subtract signal
at switches 967 (Fig. 85a) and 1051 (Fig. 85¢) to reset
the accumulator plus latch on and the accumulator minus
latch off so that an accumulator plus condition will be
available for the sign analysis.

Circuit operation for shifting

There are four shift operations: (1) Code 30—shift
right. (2) Code 31—shift right and half correct. (3)
Code 35—shift left. (4) Code 36—shift left and count.

These operations provide a means of repositioning the
number in the accumulator. Right shifting is accom-
plished by allowing each accumulator early digit output
to control the pedestal lines. Thus D2L is read out at
DIL time, controls the pedestals and reads back into
the DIL position at DIL time. Each digit successively
follows this procedure for the two accumulator word
times, with the result that the accumulator number is
shifted one position to the right. The number of shifts
taken is controlled by the value of the units position of
the data address (in the address register) which accom-
panies the shift Op. code. Each shift requires two word
times and in the following descriptions, each of these
“twlo word intervals” will frequently be called a “shift
cycle.”

On the first cycle of each shift operation the units posi-
tion of the address register enters the adder at DXL time
in complement form and merges with a “one” supplied by
energizing the special digits add one circuit. This sum,
the 10's complement of the shift number, is stored in the
DOL position of the accumulator. On subsequent shift
cycles the DOL position of the accumulator enters the
adder at DXL time, merges with a special digit one and
stores back in the DOL accumulator position. In this
way the shift number is advanced by one at the beginning
of each shift cycle, A carry from the adder at DOL time
stops the shifting.

Right shift and half correct (code 31) is accomplished
in much the same manner as right shift except that a
shift-count of “9” is detected at DOL time of the last shift
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cycle. This indication sets up circuits which allow the
D1 position to shift into DO position on the last shift
cycle and which cause an extra cycle to be taken. This
extra cycle is a half correction cycle during which “5”
is added to the contents of DOL and any carry is reflected
up through the other accumulator positions during the rest
of the cycle. The operation ends at the end of the half
correction cycle. As in right shift the units position of
the address register controls the number of shifts taken
except that a shift number of zero (“D” address 0000)
causes 10 shifts to be taken, with the result that the half
corrected contents of the upper accumulator are left in
the lower accumulator.

Left shifting (code 35) is accomplished by allowing the
accumulator D1L through D10L and D1U through D10U
positions to enter the adder from the on time outputs,
merge with zeros and the resulting adder outputs to store
back in the accumulator, one digit time later. Thus DIL
on time output is available from the adder at D2L time
for storage in the accumulator D2L position. Each ac-
cumulator digit successively follows this procedure for
the two accumulator word intervals with the result that
the accumulator number is shifted one position to the left.
As with right shift, the number of positions shifted is
determined by the shift number in the units position of
the address register. The shift count is kept in the DOL
accumulator position as in right shift.

A left shift and count operation is accomplished much
the same as left shift except that the appearance of a
significant digit in the accumulator D10U position is de-
tected to stop the operation. The shift number in the
address register units position is usually zero, so the shift
count in the accumulator DOL position, when a significant
digit is detected, is an indication of the number of shifts
which were used. If a DOL carry is detected before a
significant digit appears in D10U, it is an indication that
the maximum allowable number of shifts have been taken.
The overflow circuits will be set up and a shift count of
10 left in the accumulator D2L and DIL positions.

When a shift number of zero accompanies this oper-
ation, the maximum allowable number of shifts is ten.
If it is desired, for any reason, to limit the number of
allowable shifts to less than ten, the number of allow-
able shifts desired can be used as a shift number in the
units position of the accompanying data address. In
this way the number of shifts needed to cause a DOL
carry is reduced. If, in this case, a significant digit is
sensed before a DOL carry occurs, the shift count num-
ber left in the DOL accumulator position is the tens com-
plement of the unused allowable shifts.

The shift signals are developed by the shift control
latch. These signals from program are D10U to DXU
for codes 31 and 36 and DXL for codes 30 and 35.

The shift operations will be considered as starting upon
receipt of one of these signals.

Right Shift—Code 30.

Signals from Program: Right Shift (EDXL).

Key Units: Right shift latch; on, EDXL right shift sig-
nal. Off, next D1L after DOL carry. DOL carry latch;
on, DOL carry. Off, NWPL.

Circuit operation:

(1) Right shift signal (DXL)—

(a) Mixes at mix 1052 (Fig. 85f) to give DXL shift
number gole for entry of address register units position
to adder, in complement form, on the first right shift
cycle. Shift number gate also inverted at inverter 1053
(Fig. 85¢) to give negative shift number gate which
blocks development of accumulator true add gate and
true-complement add gate for DXL of the first right shift
cycle. The blocking is accomplished at switch 1054
(Fig. 85d),

(b) Mixes at mix 1055 (Fig. 85a) to turn on right
shift double latch 968.
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(2) Right shift double latch—

(a) Mixes at mix 1056 (Fig. 85c) to turn arithmetic
operation latch on and hold it on through the operation.

(b) Mixes at mix 1057 (Fig. 85¢) to turn accumu-
lator regeneration off and hold it off during each WPL
for the entire R.S. operation.

(c) Switches at switch 1058 (Fig. 85/) with DXL
and DOL to give an accumulator R.I. gate for DXL and
DOL on each R.S. cycle. (Negative DOL on half cor-
rection is continually up on a R.S. operation.) This
allows the adder output to enter the accumulator DXL
and DOL positions on each R.S. cycle.

(d) Switches with DXL at switch 1059 (Fig. 85¢)
to operate the adder output-zero insert circuit for DXL
time of each R.S. cycle. This supplies a zero for entry
into the accumulator DXL position on each R.S. cycle.
This zero is later read out of DXL at each D10U time
and shifted into D10U position on each R.S. cycle, thus
filling the place vacated by shifting D10U to D9U.

(e) Mixes at mix 1061 (Fig. 85i) to develop accu-
mulator true add gate and true-complement add gate for
DXL on each R.S. cycle except the first. This allows
the shift count number, in the accumulator DOL position,
to enter the adder from the accumulator early output at
DXL time, on each R.S. cycle, except the first,

(f) Mixes at mix 1038 (Fig. 86g) to operate the spe-
cial digit add “1” circuit for DXL time of each R.S.
cycle. This supplies a “1” to merge with the comple-
ment shift number from the address register units posi-
tion on the first cycle, to form a tens complement shift
count for storage in accumulator DOL position. It also
supplies the “1” to merge with the shift count from the
accumulator DOL position at DXL time on subsequent
R.S. cycles, to advance the shift count.

(g) Switches at switch 969 (Fig. 85f) with negative
DXL and negative DOL to give a right shift gate which
is up for DIL through D10U of each R.S. cycle. This
allows the accumulator D2L through DXL early latch
outputs to control the pedestal lines for DIL through
D10U times, resulting in a shift to the right of each accu-
mulator position. Note that the output of the D1L posi-
tion, which is read out at DOL time, is not used. Thus
the contents of DIL are lost on each R.S. cycle.

(h) Mixes at mix 1062 (Fig. 864) to lower the dis-
tributor blanking gate for the entire R.S. operation. This
prevents any distributor early outputs or substituted zeros
from entering the adder during a R.S. operation.

(3) With these gates developed, shifting continues un-
til an adder carry at DOL time indicates that the shift
count has reached “10.” This carry occurs at DOL time
at the beginning of the lower word interval following the
last shift cycle.

(4) DOL carry (A-C of DOL), from adder DOL
carry detection circuit~—(a) Switches at switch 1063
(Fig. 85g) to turn DOL carry latch 1064 on (negative
shift count and half correct signal and half correct add
5 are up during R.S. operations). This latch stays on
through the two words following the last shift cycle, until
the next NWPL.

(5) DOL carry latch—(a) Switches at switch 1065
(Fig. 85g) with DIL to turn right shift latch 968 (Fig.
85a) off.

(6) Right shift latch off—

(a) Removes all accumulator and adder R.S. entry
controls.

(b) Allows arithmetic operation latch to turn off with
next NEDX and provide end of operation signal.

(¢) Capacitor coupled cathode follower pulse at cath-
ode 1066 as right shift latch goes off, switches with D1
and WL (EvW) at switch 1067 (Fig. 85¢) to turn ac-
cumulator regeneration latch back on at DIL. This is
necessary since the normal time for turning the latch on
(WPL) has passed. Accumulator regeneration takes over
starting with the DIL position, which now contains the
units position of the shifted number, and continuing untib
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another accumulator operation is programmed. A zero
has been placed in the DXL position by zero insertion
and in the DOL position because of accumulator R.I. of
the shift number advanced to zero. These zeros will be
regenerated as the accumulator regeneration process
continues.

(7) Note that the no carry insert-carry blank circuit
is active for each DXL and DOL time during a right
shift operation.

Right shift and half correct—Code 31.

Signals from Program: Right shift and half correct
(D10U through D10L).

Key units: Half correct latch; on D10U, off DOL CP of
half correction cycle. Right shift latch; on DXL, off
DXL at start of half correction cycle. Half correct
add “5” latch, on when DOL “9” is sensed in adder
output, off when accumulator true add goes off. Ac-
cumulator true add latch; on DXL at start of half cor-
rection cycle, off next NWPL, Timing chart of Fig. 70.

Circuit operation:

(1) Right shift and half correct signal (D10U through
DI0L)—

(@) Switches with DXL at switch 1068 (Fig. 85f) to
develop DXL shift number gate and negative shift num-
ber gate. This allows units position of address register
to enter adder in complement form, on first cycle. Blocks
development of accumulator true add gate for DXL of
first cycle.

(b) Mixes at mix 1069 (Fig. 85f) to develop D10U
through D10L, negative shift count and half correct sig-
nal. This signal, at switch 1063 (Fig. 85g) blocks a
possible shift stop due to turning on the DOL carry latch
on the first cycle of a right shift and half correct opera-
tion. A carry from DOL can occur on the first cycle
when the shift number is zero. This negative shift right
and half correct signal is also sent to the adder and used
to block a set-up of the overflow circuits on a DOL carry
on the first cycle of a shift count operation.

(¢) Mixes at mix 1071 (Fig. 85a) to turn on the half
correct latch 1072.

(d) Switches with DXL at switch 1073 (Fig. 85f) to
turn on the right shift latch.

(2) Right shift latch—(a) Develops the same gates as
for right shift (code 30) to cause right shifting of the
contents of the accumulator.

(3) Shifting continues as in a right shift operation
until a 9" is sensed at the adder output at DOL time of
the last shift cycle. This “9” is sensed at switch 1074
(Fig. 85f) by the coincidence of DOL, adder output BS
and Q4 and half correct latch on.

(4) Half correct DOL “9” from cathode follower 1078
(Fig. 85f)—

(@) Mixes at mix 1076 (Fig. 85f) to extend the right
shift gate from cathode folowers 971 to include DOL for
this last shift cycle. This allows the contents of the
DI1L accumulator position to enter the DOL position on
this last shift cycle in preparation for half correction
on the next cycle.

(b) Mixes at mix 1077 (Fig. 85a) to turn on the haif
correct add “S” latch at DOL time of the tast shift cycle.

(¢) Ts inverted at inverter 1078 (Fig. 85f) to give a
negative half correct DOL “9” at cathode follower 1079.

(5) Negative half correct DOL “9” from cathode fol-
lower 1079—

(a) Blocks turning off of the half correct latch at
DOL CP time of the last shift cycle, until DOL CP of the
half correct cycle at switch 1081 (Fig. 85a).

‘(b) Blanks the DOL part of the accumulator R.I. gate
during DOL time of the last shift cycle, so that the con-
tents of the accumulator DIL position can enter the
DOL position at this time, via the right shift path as in
(4a) above, without conflict with the “9” coming from
the adder output.

(6) Shifting continues through the last shift cycle.
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The DOL accumulator position now contains the digit
which is to be half adjusted and the half correct add
“5” latch is on.

(7) Half correct add “5” latch—

{a) Removal of off output blocks a possible turning
on of the DOL carry latch at DOL time of the half correct
cycle, in the event that the half correction causes a carry.

(b) Removal of off output also prevents the usual
true add, DOL no-carry insert-carry blank action during
DOL time of the half correct cycle. This allows the DOL
carry or no-carry status of the adder latches to be deter-
mined by the carry or no-carry result of the half correc-
tion. This result will be used during the adder’s analysis
of the D1L accumulator position.

{c) On output switches with half correct latch output
and DXL at switch 1082 (Fig. 85m) to turn on the
accumulator true add latch for the half correct cycle.
The true add latch output provides an accumulator true
add gate, an accumulator true-complement add gate and
an accumulator R.I. gate for the half correct cycle. This
allows the accumulator early outputs for DOL through
DXL positions, to enter the adder on the half correct
cycle, and the adder outputs for DOL through D10U to
enter the accumulator,

The accumulator true add latch output also switches
with half correct add “5” output and DXL and DOL
timing gates at switch 10B4 (Fig. 85¢) to insert zeros
in place of the adder output for entry into the accumu-
lator DXL and DOL positions on the half correct cycle,
thus leaving zeros in these accumulator positions at the
end of the operation.

The accumulator true add latch output also holds the
arithmetic operation latch off for the half correct cycle.

The accumulator true add latch output also mixes at
mix 9589 to hold accumulator regeneration off for the half
correct cycle. ‘

(d) On output switches with DXL at switch 1085 (Fig.
86h) to give special digit add “5” for DXL of half cor-
rect cycle. This “5” merges with the digit to be corrected,
from the accumulator DOL early output at DXL time
and sets up a carry or no-carry condition in the adder
for use in the analysis of the next digit.

{e) On output switches with DOL CP and the lack of
a negative half correct DOL “9,” at switch 1081 (Fig.
85a), to turn off the half correct latch.

(f) On output switches with NDXL at switch 1086
(Fig. 86g) to operate special digit add zeros circuit for
each digit interval during the half correct cycle except
DXIL.. This provides zeros to merge with the contents of
the accumulator D1L through D10U positions and allows
any carry which may occur during half correction to be
reflected up through the other accumulator positions.

(g) On output switches with accumulator true add
latch output and DXL and DOL to give zero insert as
in (c¢) above.

(#) On output switches with DXL at switch 1087
(Fig. 85f) to turn off the right shift latch at the start of
the half correct cycle.

(i) On output mixes at mix 1024 (Fig. 86h) to extend
the distributor blanking gate for the half correct cycle,
after the right shift latch turns off.

(8) The accumulator true add latch turns off with the
NWPL at the beginning of the next word after the half
correct cycle.

As this latch goes off, a capacitor coupled cathode fol-
lower 1088 pulse from the first anode of the latch 957
(Fig. 85m) mixes at mix 1089 (Fig. 85a) to turn the half
correct add “5” latch off.

(9) As these latches go off, all right shift and half
correct control gates are removed and accumulator re-
generation is restored. The arithmetic operation latch
turns off and the end of operation signal is developed
allowing the commutator to advance on the next program

step.
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Left shift—Code 35.
Signals from Program: Left shift (EDXL).
Key Units: Left shift latch, on EDXL left shift signal,
off next D1L after DOL carry; DOL carry latch, on
DOL carry, off NWPL.

Circuit operation:

(1) Left shift signal (DXL)—

(a) Mixes at mix 1052 (Fig. 85f) to give DXL shift
number gate and negative shift number gate to allow
complement adder entry of shift number from units posi-
tion of address register, at DXL of first left shift cycle
and to block development of accumulator true add at
this time.

(b) Mixes at mix 1091 (Fig. 855) to turn on left shift
latch 1031.

(2) Left shift latch—

(a) Mixes at mix 1056 (Fig. 85¢) to turn arithmetic
operation latch on and hold it on through the operation,

(b) Mixes at mix 1057 to turn accumulator regenera-
tion off and hold it off during each WPL for the entire
left shift operation.

(c) Mixes at mix 1048 (Fig. 85k) to provide an ac-
cumulator R.I. gate for the entire left shift operation.
This allows the adder output to enter the accumulator
all during the operation.

(d) Switches with DXL and DI1L at switch 1092 (Fig.
85j) to operate adder output zero insert circuit for DXL
and DIL times of each left shift cycle. This supplies a
zero to enter the accumulator DXL position and also the
DIL position to fill the vacancy left by the left shift action.
(Significant digit latch stays off on a left shift operation.)

(e) Mixes at mix 1061 (Fig. 85i) to develop accumu-
lator true add gate and accumulator true or complement
add gate for DXL of each left shift cycle except the first.
This allows the shift count number, in the accumulator
DOL position, to enter the adder from the accumulator
early output at DXL time, on each left shift cycle except
the first.

(f) Mixes at mix 1038 (Fig. 86g) to operate the spe-
cial digit add “1” circuit for DXL time of each left shift
cycle. This supplies a “1” to merge with the complement
shift number from the address register units position on
the first cycle, to form a tens complement shift count
for storage in the accumulator DOL position. It also sup-
plies the “1” to merge with the shift count from the DOL
position at DXL time, on subsequent left shift cycles, to
advance the shift count.

(g) Mixes at mix 1024 (Fig. 86h) to provide a dis-
tributor blanking gate for the entire left shift operation.

(h) Mixes at mix 1093 (Fig. 85b) to give an “any
left shift gate” which then further switches at switch 1094
(Fig. 85g) with negative DXL and negative DOL to give
a left shift gate which is up for D1L through D10L and
D1U through D10U. (Significant digit latch remains off
all during a left shift operation.) This left shift gate
allows the DIL through D10L and D1U through D10U
“on time” accumulator outputs to enter the adder during
each left shift cycle, where they will be merged with zeros
and stored back in the accumulator one digit later and
thus one digit position to the left.

‘The left shift gate also mixes at mix 1024 (Fig. 86h) to
provide a distributor blanking gate. This duplicates the
action of the left shift latch on a left shift operation and
that of the M—D left shift latch on multiply and divide
operations.

(i) Mixes at mix 1095 (Fig. 85i) to give an “any left
shift gate” which: (1) Switches with DOL at switch 1096
to give accumulator true add gate for DOL of each left
shift cycle. (Significant digit latch off for all left shift
operations.) This allows the contents of accumulator
DI1L position to enter the adder at DOL time and merge
with zero. This adder output is not used because of the
zero insert of (d), but the entry keeps the adder no-carry
circuit set up for the next digit analysis and eliminates the
need for a DIL no-carry insert. (2) Switches at switch
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1097 (Fig. 86g) with an inverted special digit add “1” to
operate the special digit add zero circuit. This supplies
zeros to the adder B side for each digit interval of each
left shift cycle except DXL, when a “1” is being entered
asin (f). (3) Is sent to the adder to give left shift “on”
control for adder reset.

(j) Mixes at mix 1098 (Fig. 85d) to give an inverted
any left shift gate for left shift “off” control of adder
reset.

(3) Note that a no carry insert-carry blank is pro-
vided for each DXL and DOL interval during this opera-
tion.

(4) With these gates developed, shifting continues with
each accumulator position being shifted one position to
the left and the shift count being advanced by one on
each shift cycle, until an adder carry occurs at DOL time
indicating that the shift count has reached “10.”

(5) Adder DOL carry (A.-C. pulse) switches at switch
1063 (Fig. 85g) to turn on the DOL carry latch at the
beginning of the two-word interval following the last
shift cycle.

This latch stays on through this two-word interval, until
the next NWPL.

(6) DOL carry latch—(a) Switches with next digit
(D1L) at switch 1065 to give a carry stop signal at the
output of cathode follower 1099 which switches at switch
1101 (Fig. 85b) with significant digit off, to turn off the
left shift latch.

(7) When left shift latch goes off at DIL time, all left
shift control gates are removed, Arithmetic operation
latch will turn off with the next NEDX and develop the
end of operation signal to turn off operation interlock
and allow the commutator to advance.

Also, as the left shift latch goes off, a capacitor
coupled cathode follower pulse at cathode follower 1102
(Fig. 85b), from the left anode of the latch double
inverter, switches at switch 1067 (Fig. 85¢) with D1
and WL to turn accumulator regeneration on. This
allows regeneration to start with D1L.

Left shift and count—Code 36,

Signals from program: Left shift and count signal
(D10U-DXU).

Key units: Shift count latch; on D10U, CP, if accumu-
lator high order position is zero. Off, when signifi-
cant digit latch comes on. No shift count latch; on,
D10U, CP, if accumulator high order position is non-
zero. Off, NWPU, Left shift latch; on, DXL on a
shift and count operation if the shift count latch is
turned on. Off, next D3L after significant digit latch
comes on, Significant digit latch; on, D10U, CP,
when D10U adder output is non-zero and shift count
latch is on, indicating that a high order significant
digit has been detected. Off, next D6. Timing chart
of Fig. 80.

Circuit operation:

(1) Left shift and count signal (D10U through
DI10L)—

(a) Switches with D10U, CP, at switch 1103 (Fig.
85b) to develop a shift count-no shift count test pulse
at cathode follower 1104,

This test pulse switches with accumulator zero at
switch 1105 or accumulator non-zero at switch 1106 to
turn on either the shift count latch 1107 or the zero
shift count latch 1108. The accumulator zero and non-
zero indications are from cathode followers 1109 and
1111 (Fig. 83a) which in turn are from the switching
and mixing of the accumulator pedestal output as shown
in Fig. 83a.

If the accumulator D10U position is non-zero and
the zero shift count latch is turned on, a capacitor
coupled cathode follower pulse at cathode follower 1112
(Fig. 85b) from the right anode of the latch double
inverter, parallels the normal arithmetic restart circuit
to supply the restart signal. A capacitor coupled cath-
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ode follower pulse from cathode follower 1113 from
the left anode when the latch goes off at WPU time,
parallels the end of operation signal to turn the oper-
ation interlock latch off.

The zero shift count latch output is taken to switch
803 (Fig. 64d) to reset the D1 and D2 positions of the
accumulator to zeros, indicating a zero shift count.

(b) Switches at switch 1114 (Fig. 85f) with DXL
and the shift count latch output (if accumulator high
order position is zero) to turn on the left shift latch
1031 (Fig. 85b) and to develop the shift number gate
and negative shift number gate from cathode followers
1115 and 1053 (Figs. 85f and 85c¢). These gates allow
entry of the complement shift number from the ad-
dress register units position and block development of
an accumulator true add gate, for DXL of the first shift
cycle.

(c¢) Mixes at mix 1069 (Fig. 85f) and inverted at
inverter 1116 to give a negative shift count and hailf
correct signal (D10U through DI10L). This signal
blocks turning on of the DOL carry latch at switch 1063
(Fig. 85¢) and thus prevents the carry stop action of a
possible DOL carry on the first cycle, as the tens com-
plement shift number is developed in the adder.

(2) Shift count latch—

(a) Gives shift count gate which is taken to adder via
switch 1117 and cathode follower 1118 (Fig. 85g) and
used as a control on the overflow detection circuit.

(b) Switches with DXL and shift count signal to
turn on left shift latch and develop shift number gate
as in (1) above.

(c) Mixes at mix 1056 (Fig. 85¢) to turn on arith-
metic operation latch. This action parallels a similar
action by the left shift latch.

(d) Switches at switch 1119 (Fig. 85g) to allow the
significant digit latch to be turned on when a D10U,
non-zero condition is detected.

(3) Left shift latch—(a) The same gates are de-
veloped to cause left shifting and advancing of the
shift count, as described in paragraph 2 of left shift cir-
cuit operation,

(4) Shifting continues until, either a non-zero is de-
tected from the adder output at D10U time, or a DOL
carry is detected when the tens complement shift count
number reaches “10,” before a significant digit is de-
tected at D10U time.

(5) When an adder D10U non-zero is detected, shift-
ing must be stopped and the tens complement shift count
number left in the D2L and DIL accumulator positions.

(a) Adder non-zero indication switches with D10U,
CP and shift count latch on output at switch 1119 to
turn on the significant digit latch which stays on until
the next D6,

(b) The shift count number enters the adder and
merges with a special digit add “1” at DXL time as in
the preceding cycles. The adder output is not used at
DOL time, however, since zero insert is energized for
DOL when significant digit latch is on. A DOL carry
could occur (if shift count has reached 9) but must not
be allowed to set up an overflow since a significant digit
has been detected.

(c) Significant digit latch: (1) Removal of off output
blocks DO at switch 1121 thus extending the left shift
gate to include DOL for the word following the last
shift cycle; blocks accumulator true add gate for DOL
at switch 1096 (Fig. 85/); blocks zero insert for DIL
time at switch 1122 (Fig. 85/) and blocks DIL carry
stop signal from turning left shift latch off at switch
1101 (Fig. 85b) in the event of a DOL carry after the
detection of a significant digit. (2) On output switches
at switch 1123 (Fig. 85j) with DOL to give zero insert
for DOL time; switches with DOL at switch 1124 to
operate special digit add *1” for DOL time.

These gates, developed under control of the significant
digit latch, allow the shift count number to enter the
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adder a second time, this time from the accumulator
DOL “on time” output via the left shift data flow path,
merge with “1” and store in the accumulator D1L posi-
tion, meanwhile inserting a zero in the DOL accumulator
position. Assuming that the shift number was zero to
start, this leaves a true shift count in the D1L position
and no-carry set-up in adder.

(d) The zero in the accumulator D1L position (pre-
viously inserted) enters the adder from the accumulator
“on time” output at DIL time via the left shift path,
merges with special digit add zero and adder no-carry
as on preceding cycles. The adder output (zero) stores
in accumulator D2L position,

(e) The significant digit latch on output also: (1)
Mixes at mix 1125 (Fig. 85b) to turn the shift count
latch off. This removes one of the conditions necessary
for setting up an overflow, if a DOL carry occurs after
a significant digit is detected as in (b) above. (2)
Switches with the next D3L at switch 1126 to turn off
the left shift latch which will end the operation and
allow the commutator to advance.

(f) A capacitor coupled cathode follower pulse when
the left shift latch goes off from cathode follower 1102
(Fig. 85b) switches with D3L at switch 1067 (Fig. 85¢)
to turn accumulator regeneration on and start regener-
ation with D3L.

(6) When a DOL carry is detected before a D10U
significant digit appears, the overflow circuit must be set
up; the shift count number in accumulator DOL position
{now advanced to 9) must be advanced by “1” and the
result (*10”) stored in the accumulator D2L and DIL
positions; shifting must be stopped, the operation ended
and regeneration resumed at D3L time.

(7) Last shift cycle just completed, with a shift count
of 9 in DOL position. No significant digit was detected
at D10U,

(a) At DXL the shift count number (9) enters the
adder and merges with special digit “1” as on preceding
cycles. The adder sum is zero and carry.

(b) The shift count DOL carry (shift overflow) mixes
at mix 1127 (Fig. 85b) to turn on the significant digit
latch and sets up the adder overflow circuit. The signifi-
cant digit latch stays on until the next D6L.

A DOL carry is developed in the adder and switched
at switch 1063 (Fig. 85g) to turn the DOL carry latch
on. However, the DIL carry stop signal developed at
switch 1065 and cathode follower 1099 is prevented from
turning the left shift latch off at switch 1101 (Fig. 855)
by the fact that the significant digit latch has turned on.

(c) Significant digit latch: (1) Removal of off output
blocks DO at switch 1121 (Fig. 85g), thus enabling the
left shift gate to include DOL; blocks accumulator true
add gate for DOL at switch 1096 (Fig. 85i); blocks zero
insert for D1L time at switch 1112 (Fig. 85/) and blocks
DIL carry stop signal from turning left shift latch off
at switch 1101 (Fig. 85b). (2) On output switches at
switch 1123 (Fig. 85j) with DOL to give zero insert for
DOL time; switches with DOL at switch 1124 to operate
special digit add “1” for DOL time.

These gates, developed under control of the significant
digit latch, allow the shift count number (“9”) in the
DOL accumulator position, to enter the adder a second
time, this time from the accumulator DOL “on time”
output via the left shift path, merge with “1” and store
in accumulator DI1L position. This leaves zero in DIL
and carry set-up in adder.

(d) The zero in accumulator D1L position enters the
adder from accumulator “on time” output at D1L time
via the left shift path, merges with zero and adder carry.
Adder “1” sum stores back in accumulator D2L posi-
tion., This leaves the shift count “10” in the two low
order accumulator positions.

(e) The significant digit latch on output also: (1)
Mixes at mix 1125 (Fig. 85b) to turn the shift count
latch off, but not before an overflow has been set up.
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(2) Switches with the next D3L at switch 1126 to turn
off the left shift latch which will end the operation and
allow the commutator to advance.

(f) A capacitor coupled cathode follower pulse from
cathode follower 1102 when the left shift latch goes off,
switchea at switch 1067 (Fig. 85¢) to turn accumulator
regeneration on and start regeneration with D3L.

Circuit operation for multiplication

Multiplication is accomplished by over and over addi-
tion of the multiplicand. The number of additions in
each of ten shifts is controlled by the value of a multi-
plier digit. The multiplier must be in the upper accumu-
lator as & result of a previous operation. The multi-
plicand is placed in the distributor from the data address
location by the enable R.I-start R.I. sequence of the
control commutator, which is a part of each 10’s and
60's operation. From the distributor the multiplicand
is repeatedly added to the lower accumulator as specified
by the multiplier digit, to develop the partial product,
This process is repeated for ten shifts. On each shift
cycle a new multiplier digit is moved into position to
control the number of add cycles to be taken and the
partial product is shifted up toward the high end of
the accumulator. At the end of the operation the prod-
uct is in the accumulator (lower and upper) and the
multiplier has been shifted out of the upper accumulator
and lost.

Each multiply operation consists of a series of ten
M-D left shift cycles. Each M-D left shift cycle is
followed by from zero to nine add cycles depending
upon the value of the controlling multiplier digit.

On each M-D left shift cycle the high order multiplier
digit is shifted from the D10U into the DXL accumula-
tor position and the shift count number in the DOL ac-
cumulator position is advanced by “1.” Because the
DOL accumulator position contains a zero at the start
of a multiply operation, a DOL carry will not occur
until the tenth M-D left shift cycle. As the high order
multiplier digit enters the DXL accumulator position on
each cycle during multiplication it is checked for a zero
or non-zero condition. If it is zero, another M-D left
shift cycle is taken. If non-zero, an add cycle is set
up, during which the multiplicand is added to the lower
accumulator and a “9” is added to the controlling multi-
plier digit in the DXL position, thus effectively reduc-
ing it by “1.” Adding cycles continue until a DXL zero
indicates that the controlling multiplier digit has been
reduced to zero and the required number of add cycles
taken, in that shift. Add cycles are stopped and another
M-D left shift cycle set up. This process is repeated
until a DOL carry on the tenth M-D left shift cycle in-
dicates that the last shift is in process. A DXL zero on
the last add cycle of this last (10th) shift stops the multi-
ply operation.

Figs. 117a, 117b and 117c¢ show the timing chart for
a multiply operation,

Multiply—Code 19.

Signals from Program: Multiply (DXL and DOL), No
reset (“D” control) not used, No absolute (*D” con-
trol) not used.

Key units:

Multiply latch. On, DXL multiply signal. Off,
next DXL adder zero, after end M-D latch comes
on.

M-D left shift latch. On, DXL multiply signal
or DXL, adder zero, when end M-D latch is off.
Off, NWPL when no DXL adder zero occurs to
shunt the NWPL reset.

Accumulator true add latch, On, DXL, adder non-
zero, when multiplying. Off, NWPL when DXL
adder output is zero.

Lower control latch. On, DXL, adder non-zero,
when multiplying. Off, NWPL when DXL adder
output is zero.
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DOL carry latch. On, DOL carry. Off, NWPL.
End M-D latch. On, when DOL carry latch goes
on, on multiply or divide operations. Off, next
EDOL after multiply latch turns off.

General circuit action: The first cycle of a multiply
operation is a M-D left shift cycle. A M-D left shift
cycle, controlled by the multiply latch and the M-D left
shift latch, results in shifting the multiplier one position
to the left in the accumulator which places the high order
digit in the DXL position. Any partial product which
may be in the lower accumulator is, of course, also shifted
left one position, since any shift involves the whole accu-
mulator. Also, on a M-D left shift cycle the shift count
number in the accumulator DOL position is advanced by
“1.” This number is zero at the start of the operation,
so it becomes “1” during the first part of the first multiply
cycle.

At DXL time of each multiply cycle the adder output
is tested for zero or non-zero. When this test is made at
DXL of the cycle following a M-D left shift cycle and
a non-zero condition is detected the accumulator true add
latch and the lower control latch are turned on. If a zero
is detected the M-D left shift latch is held on for an-
other M-D left shift cycle. If the accumulator true add
and lower control latches are turned on (and with dis-
tributor true control off), gates are developed which allow
the distributor contents to be added to the lower accumu-
lator on a true and cycle, just as in add and subtract oper-
ations. On a true add cycle, during multiplication a “9”
is added to the multiplier high order digit (in the DXL
position) as it is processed by the adder at D10U time.
This effectively reduces its value by “1.” The reduced
multiplier digit is stored back in the DXL position. As
this reduced multiplier digit comes from the adder at
DXL time its zero or non-zero condition is tested. Non-
zero holds the accumulator true add and lower control
latches on for another add cycle. Zero allows them to
turn off, but turns M-D left shift back on for another
M-D left shift cycle, to shift the multiplier and partial
product one position to the left and advance the shift
count pumber.

This shifting and adding continues until a DOL carry
is detected as the shift count is advanced to ten on the
last (10th) M-~D left shift cycle. This DOL carry turns
on the end M-D latch. Another series of add cycles
occurs, until DXL is reduced to zero. This adder DXL
zero, the first to be detected after the end M-D latch is
turned on, turns off the multiply latch to end the opera-
tion instead of turning on the M-D left shift latch,

The sign of the product, developed by analyzing the
sign of the accumulator (multiplier) and the sign of the
distributor (multiplicand) is placed in the accumulator
sign latches during the first part of the first M—D left shift
cycle. It is entered under control of the multiply signal
which only occurs once at the beginning of the operation.

Circuit operation:

(1) Multiply signal, DXL and DOL-——

(a) Mixes at mix 1128 (Fig. 85g) to turn on the
multiply latch 1129.

(b) Mixes at mix 1131 (Fig. 854) to turn on the M-D
left shift latch 1032.

(c) Mixes at mix 1332 (Fig. 85g) to give an M-D
signal at the cathode follower 1133 which: (1) Switches
at switch 1134 (Fig. 85s) with DXL, A-C gate to reset
the remainder sign latches. (2) Switches at switch 1138
with DXL, C-A gate to give a test gate, which in turn
switches at switches 1136 and 1137 (Fig. 580) with an
accumulator plus or an accumulator minus indication
from the accumulator sign latches, to turn on either the
remainder plus or remainder minus latch (951 Fig. 850
or 952 Fig. 85¢). This transfers the multiplier sign to
the remainder sign latches. (3) Switches with DXL at
switch 1138 (Fig. 85j) to give zero insert for first cycle.
(4) Switches at switch 1139 (Fig. 85¢s) with D0, A-C
gate to reset the accumulator sign latches, after the multi-
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plier sign has been transferred to the remainder sign
latches. (5) Switches at switches 1141 and 1142 (Fig.
85r) with either a distributor plus or a distributor minus
sign and a DOL timing gate to develop either 2 multi-
plicand-divisor plus signal or a multiplicand-divisor minus
signal.

These signals switch at switches 1143 and 1144 (Fig.
83n) and 1145 and 1146 (Figs. 85s) with the multiplier
sign from the remainder plus or remainder minus latch
to turn on either the accumulator plus or accumulator
minus sign latch. This places the sign of the product,
which is to be developed, in the accumulator sign latches.

(2) Multiply latch—

(3) Removal of off output lowers the M-D blanking
gate by action of switch 1147 (Fig. 85k). This gate from
cathode follower 1148 prevents the end M-D latch 1149
from being turned off until after the mutliply latch goes
off.

(b) Removal of off output blocks switch 1014 (Fig.
85¢) and prevents any DIL reset of accumulator sign
latches.

(¢) On output mixes at mix 1151 (Fig. 85h) to pro-
vide an accumulator R.I. gate for the multiply operation.

(d) On output mixes at mix 1152 (Fig. 85b) to turn
accumulator regeneration off and hold it off for the multi-
ply operation,

(e¢) On output mixes at mix 2027 (Fig. 85¢) to turn
arithmetic operation latch on.

(f) On output switches at switch 1153 (Fig. 86h) with
D10U and accumulator true add gate to operate special
digit add “9” circuit. This allows “9” to be added to
high order multiplier digit on add cycles, when multi-
plying.

(g) On output mixes at mix 1154 (Fig. 85k) to give
M-D gate. This allows the output of the DOL carry
latch to turn on the end M-D latch, on multiplication
and division operations.

(h) On output switches at switch 1155 with adder
DXL zero and end M-D off, to allow adder DXL zero
to turn on M-D left shift latch on multiply operations
1032,

(i) On output switches at switch 1186 (Fig. 85i) with
adder non-zero and DXL, BP to provide an adder DXL
non-zero pulse which mixes at mix 1:57 (Fig. 85m) to
turn on the accumulator true add latch and at mix 929
(Fig. 86a) to turn on the lower control latch. This allows
the detection of an adder DXL non-zero to set up an add
lower condition.

(3) M-D left shift latch—

{a) Mixes at mix 1061 (Fig. 85i{) to give accumu-
lator true add gate for DXL to allow the shift count
from accumulator DOL position to enter the adder one
digit early on each M--D left shift cycle.

(b) Mixes at mix 1038 (Fig. 86g) to give special
digit add “1” for DXL of each M-D left shift cycle.
This advances the shift count number by “1” on each
M-D left shift cycle. Advanced shift count stores back
in DOL accumulator position.

(c) Mixes at mix 1095 (Fig. 85i) to develop a left
shift or M-D left shift gate which: (1) Switches at
switch 1096 with DOL and significant digit latch off to
give accumulator true add gate for DOL of M-D left
shift cycle, This allows the accumulator DIL position
to enter the adder and merge with a zero to keep the
adder no-carry circuits set up for the next digit. Adder
output not used. (2) Switches at switch 1097 (Fig, 86g)
to “add zero” when not adding “1” on any left shift
operation. (3) Controls adder reset action on left shift.

(d) Also mixes at mix 1098 (Fig. 854) and inverted
at inverter 1158 to give left shift off control of adder.

(e) Mixes at mix 1093 (Fig. 85b) to develop .left
shift gate for DIL through DI0L and DIU through
D10U of each M-D left shift cycle. This allows the
accumulator on time outputs to enter the adder, merge
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with zeros and store back in accumulator one position
later, as in any left storage operation.

(f) Switches at switch 1159 (Fig. 85/) with DIL to
give zero insert at D1L time on a M-D left shift cycle,
This provides a zero to enter the accumulator DIL
position on each left shift to fill the vacancy left when
the contents of D1L shift to D2L.,

(g) Mixes at mix 1024 (Fig. 86k) and is inverted at
inverter 1161 to give distributor blanking gate for each
M-D left shift cycle.

(4) Accumulator true add latch—

(a) Cannot operate overflow circuit during a multiply
operation because of M-D blanking gate to adder.

(b) Mixes at mix 1162 (Fig. 85c) to turn on arith-
metic operation latch (parallels multiply latch action).

(c) Mixes at mix 1042 (Fig. 85h) for accumulator
R.I. gate (parallels multiply latch action).

(d) Mixes at mix 959 to turn accumulator regenera-
tion off (parallels multiply latch action).

(e) Mixes at mix 1003 (Fig. 85d) to give accumu-
lator true add gate for DXLB through D10U and accu-
mulator true-complement add gate., These gates allow
entry to the adder of the accumulator early outputs on
add cycles.

(f) Accumulator true add gate switches at switch 1153
(Fig. 86h) with multiply latch on and D10U to operate
special digit add “9” for DI0U time of a multiply add
cycle. This “9” merges with the accumulator DXL early
output and results in a reduced high order multiplier
digit value, to store back in the accumulator DXL
position.

(5) Lower control latch—

(a) Switches with WU(OdW) at switches 1163 and
1164 (Fig. 86a) to develop distributor zero control and

entry gates for DXU through D10U. These gates are

also developed for every D10 and DX. This supplies
zeros, in place of distributor early outputs, to merge
with upper accumulator early outputs on multiply add
cycles.

(b) Mixes at mix 931 and switches at switch 936 to
develop U-L check gate for adder entry B operation.

(6) DOL carry latch—

85(a) On with DOL carry by action of switch 1063 (Fig.

g).

(b) On output switches at switch 1168 (Fig. 85k)
with M-D gate to turn on end M-D latch.

(7) End M-D latch—

(a) Removal of off output at switch 1155 blocks any
further turning on of the M-D left shift latch on this
multiply operation.

(b) On output conditions switch 1166 (Fig. 85g) so
;haththe next adder DXL zero will turn off the multiply
atch.

(¢) On output mixes at mix 1057 (Fig. 85¢) to hold
accumulator regeneration off and at mix 1048 (Fig. 85h)
to extend accumulator R.1. for DXL of the cycle follow-
ing the last add cycle. This allows the zero adder out-
put to enter accumulator DXL position.

(d) End M-D turns off with next EDOL by action of
switch 1167 (Fig. 85k) after multiply latch goes off and
restores M-D blanking gate.

(e) A capacitor coupled cathode follower pulse from
cathode follower 1168 as end M-D latch goes off, mixes
at mix 1169 (Fig. 85¢) to turn accumulator regenera-
tion on and start regeneration with DOL.

(8) Removal of Multiply latch on output lowers multi-
ply control gates and allows arithmetic operation latch
to turn off. This develops end of operation signal to
turn off Op. interlock and allow commutator to advance.

Circuit operation for division

Division is accomplished by repeatedly subtracting
the divisor from the high order digits of the dividend,
until a sign change indicates that it has been subtracted
once t00 often. Each time a subtraction is made, with-
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out causing a sign change, “1” is added to the quotient.
When a sign change occurs the divisor is added once to
the reduced dividend, to correct for the overdraw. The
entire reduce dividend and partial quotient are then
shifted left one position and the process repeated, for
ten shifts in all.

The dividend must be in the accumulator as the result
of a previous operation. The divisor is placed in the
distributor from the data address location by the enable
R.I.-start R.I. sequence of the control commutator,
which is a part of each 10’s and 60’s operation. From
the distributor, the divisor is repeatedly subtracted from
the upper accumulator until the sign change occurs and
is then added once to the upper accumulator, A quo-
tient digit entry of “1” is made in the lower accumulator
D1 position each time that a subtraction does not result
in a sign change. Thus at the end of a divide operation
the quotient is in the lower accumulator, the remainder
is in the upper accumulator, the dividend has been de-
stroyed and the divisor is still in the distributor.

The following chart, illustrates the concept of division,
using an abbreviated accumulator with 8 positions for
simplicity, The problem 1440-+-12==120 is used. The
first cycle of a divide operation is a M-D left shift cycle.
This clears the DIL accumulator position for possible
quotient digit entries during the first shift. In the case
of the 8 position accumulator shown, only four shifts
are possible. With a 20 digit accumulator ten shifts for
each division would be used. The number of shifts is
counted, as in other shifting operations and the count

retained in the accumulator DOL position. This shift

count action is not shown in the chart.
Upper Lower

D4 |D3|/D2|D1|D4{ D3| D2| Dt

0]l 01 0§ 0} 1 41 4 (1}

0/ 0] 0| 1 41 41 0 g

-0 0] 1 2101010 0

8ign Change. 9 9| 8/ 91 4] 41 0@ 1]

Correct +0) 0| 1] 2] 0 0| O Q

0] 0y 0| 1| 47 41 0 0

............................ 0 011 4 4 0( @ 0

Subtract Divide (Upper). ... 0| 0] 1}y 2{0) 0] 0O (i}

No Bign Change........-c..___. 0y 0) 0| 2] 4]0, 0 0

Bubtr. Div. (Upper) Enter “1’

15" DR -0] 0} 1 21 0| 0 @ 1
Sign Change. g1 9) 9| 07 41 0] 0 1
Correct. . v 40 0j 1| 2| 0] 0] O (]

0] 0f 06{ 2] 4] 01 © 1

............................ 0} 0y 2y 4, 0] 0 1 0

Subtrnct Divide (Upper) —¢i 0] 1| 210l 0] 0 0

No 8ign Chanae 0 0] 1] 2| @af 0f 1 ]
Bubtr. D

(Lwr) -0 0] 1] 2] 0] 01 ¢ 1
No Bign Change. . _____..____ ool ol oj0fo0f1 1
8ubtr. Div. (Upper) Enter *“1”

(85 o DO, -0 0] 1} 2| 0] 0} 0 1
Sign Change. __ 0| 9| 8y B 0| 0] 1 2
Correct- . .-vo- 40t ol 1} 2t 0} 0} @ 0

oy 0f ol 0 0t 0ot 1 2
Tast Shift. oo e 0] 0y 0] 0 0 1 2 1}
Subtract Divide (Upper)_....._. 0! 0| 1f 2|0 0] O 0
Sign Change. oo .o 9 9| 8| 81 0} 1| 2 0
Correct .. ._._.. 40} 0] 1) 2} 0| 0| O 4]
F2 10+ SN 0;{ 0] 0] 01 O) 1 2 1]

On any division the number of digits in the quotient
is determined by the number of digits in the dividend
and divisor. In the present machine the maximum num-
ber of quotient digits which can be developed is ten and
is governed by the capacity of the accumulator and dis-
tributor. Thus on any divide operation, the highest sig-
nificant dividend digit must be positioned in the accumu-
lator, taking into account the number of digits in the
divisor, so that no more than nine subtractions will be
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required on the first shift to produce a sign change.
Considering the number of dividend digits to be the num-
ber of accumulator digit positions up to and including the
position of the highest significant dividend digit, and re-
membering the initial left shift on a divide operation, the
rule for positioning the dividend in the accumulator is
as follows:

The total number of digits in the dividend must not
exceed the number of digits in the divisor, plus 9; unless
the absolute value of the divisor digits is greater than
the absoiute value of the corresponding number of high
order dividend digits; in which case the total number of
dividend digits can equal the number of divisor digits
plus 10.

When the dividend is not properly positioned and more
than 9 subtractions would be needed to cause a sign
change, more than 9 quotient digit “1” entries will be
entered at DIL. A carry from DI1L detects this condition
and sets up an overflow stop.

Each divide operation consists of a series of ten M-D
left shift cycles. Each M-D left shift cycle is followed
by the number of subtract cycles necessary to cause a
sign change and an add cycle to correct for the over-
draw. On a M-D left shift cycle the high order dividend
digit is shifted left from the D10U accumulator position
into the DXL accumulator position. From here it enters
the adder at D10U time on a divide subtract cycle, from
the accumulator early output., The distributor contents
are subtracted from the upper accumulator by the usual
complement add entry. A zero is supplied by the dis-
tributor zero entry circuit as a DXL distributor early
output, to merge with the high order dividend digit. This
Zero enters as a complement on a subtract (reduction)
cycle and in true form on an add (correction) cycle.
When a complement number is added to a true number
a carry from the high order position indicates that the
result is still a true number and the sign has not changed.
No carry indicates that the result is complement and the
sign has changed.

This principle is illustrated by the following sim-
plified accumulator chart, using the previous example of
1440-+-12=120.

Upper Lower
DXL |D4}D3|D2}D1;D4| D3| D2 D1
0] 6] 0| 0D O 1 4] 4 0
0 1] (1] 0 1 4 4 0 0
8] 9] 8! 87 7] 9| 8} 9| 91
o Carry DXL Sign
Change. ... ... 81 0{ 9| 8] 9| 4 4] 0 4]
Correct . 0o{ ¢ 0 1 2y 0} 0] 0 0
0l 0 0 0 1 41 4| 0 [}
Bhift s 01 01 0 1 4 4 0y 0 a
Suhtract Divide (Upper). 9, 9) 9 8| 7( 9 9| 9| 9t
Carry DXL, o Sign
0; 0; 0] O 2| 4] 0| 0 0
91 8 8 8| 7] 90| 891 1
9! 9| 91 9] 0 4{ 0f 0 1
0y 0l 0] 1 2101 01 0 ]
0| 0y 0| 0f 2] 4! 0 0 1
Shift .o 0] 01 06} 2| 4t 0]l 0] 1 0
Subtract Divide (Upper). 9] 9] 8| 8| 7| 91 6| 91 9t
Carry DX No Sign
0) 0] 0 1 21 0] 0} 1 0
9] 9) 9| 8] 7] 9| 991 1
0 ¢) 0} 0] 0] 0} o0 1 1
9) 9 9} 8] 71 9] 9|p 1
No Carry DXL, Sign
Change_ .. _..coo.o.o0 @l 0) 9} By 81 0} 0] 1 2
Correct. oo o 01 0 1 2100 01 0 0
0y ¢1 0}y 07 07 0) 0] 1 2
[ Lo 01 07 0| 01 0} O} 1 2 0
Bnbtract Divide (Upper)._ 91 9| 8 B) 7} 9| 9] ¢! 91
No Carry DXL, Sign
Change 91 9} 9! 8| 8) 0 1] 2 1]
Correct_.._ 0 ] 0 1 2 0 il 0 0
7¢O 0 0f 0) 0 0 0 1 2 0
This DXL carry or no-carry on a divide subtract cycle
is used to determine whether the following cycle will be
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add or subtract. When an add (correction) cycle is
finally set up, its completion signals another M-D left
shift cycle.

On each M-D left shift cycle the shift count number
in the DOL accumulator position is advanced by “1.”
This number is zero at the start of the divide operation,
so it becomes “0” and a DOL carry occurs on the tenth
shift. After this DOL carry occurs, the completion of
the next add (correction) cycle stops the operation in-
stead of signalling a M-D left shift.

Division can be programmed to retain the remainder
(code 14) or to reset the remainder (code 64). In the
latter case zeros are inserted during the upper word time
of the last correction cycle. When the remainder is re-
tained its sign, held in the remainder sign latches, is read
out in place of the accumulator sign at DOU time, as ex-
plained under accumulator sign read-out.

The sign of the quotient, developed by analzying the
sign of the accumulator (dividend) and the sign of the
distributor (divisor) is placed in the accumulator sign
latches during the first part of the first M-D left shift
cycle.

Divide—Code 14 or 64.

Signals from Program: Divide (DXL and DOL), No re-
set or reset (“D” control), No absolute (“D” control)
not used.

Key units:

Divide latch. On DXL divide signal.

Off with divide left shift signal when end M-D
latch is on. .

M-D left shift latch. On DXL divide signal or
DXL divide left shift signal at end of an add (cor-
rection) cycle, when end M-D latch is off. Off
NWPL. '

Upper control latch, On DXL when divide latch
comes on, Off next NWPL after divide latch
goes off.

Distributor complement add latch, On when M-D
left shift goes off or DXL carry when quotient
digit latch is on. (These are both divide subtract
set-up signals.) Off NWPL, if no DXL carry
occurs to shunt the NWPL.

Distributor true control latch. On with divide sub-
tract signal. Off NWPL, if no divide substract
signal.

Accumulator true add latch, On with divide sub-
tract signal. Off next NWPL after distributor
complement add latch goes off. (This is at the
end of a correction cycle.)

Quotient digit latch. On next D10U after com-
plement add distributor goes on, when dividing.
(This is at the end of a reduction cycle.) Off
next D6. While on, it controls the quotient digit
“1” entry and the development of a DXL test
pulse which tests for a DXL carry or no-carry.

DOL carry latch. On DOL carry. Off next NWPL.

End M-D latch. On when DOL carry latch goes
on, on multiply or divide. Off next EDOL after
divide latch goes off.

General circuit action: The first cycle of a divide op-
eration is a M-D left shift cycle. On a M-D left shift
cycle the dividend is shifted one position to the left,
placing the high order position in the DXL accumulator
position. Any partial quotient which may be in the
lower accumulator is also shifted left one position. Also,
on a M-D left shift cycle the shift count number in the
recumulator DOL position is advanced by “1.” This
number is zero at the start of the divide operation, so it
is advanced to “1” on the first M—D left shift cycle.

When the M-D left shift latch turns off at the beginning
of the next cycle a capacitor coupled cathode follower
pulse switches with the divide latch output to develop a
divide subtract signal which turns on the distributor com-
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the accumulator true add latch, With these latches on,
and with the upper control latch on (turned on by the
divide latch) the necessary conditions for a subtract
upper cycle are set up. Distributor zero entry is active
for the lower word time and for all D10 and DX inter-
vals. The divisor (in the distributor) is subtracted from
the upper accumulator. On this cycle the high order
dividend digit in the DXL accumulator position, enters
the adder at D10U time, merges with a complement zero
from the distributor zero entry circuit and comes from
the adder at DXL time to enter the DXL accumulator
position. It is the carry or no-carry pulse signal from
the adder, during this DXL time, which is tested to de-
termine whether or not the sign of the reduced dividend
has changed. The quotient digit latch is turned on at -
D10U time of each reduction cycle by testing with a
D10U timing gate to discover whether or not the com-
plement distributor add latch is on. The quotient digit
latch output switches with a DXL timing gate to develop
a divide test signal, which switches with a DXL carry
to test for a sign change. If a carry is present, a di-
vide subtract signal is developed, which shunts the
NWPL reset of the distributor complement add, dis-
tributor true control and accumulator true add latches,
thus holding them on for another reduction cycle. If
the complement distributor add latch stays on, the
quotient digit latch output switches with complement dis-
tributor add and DOL to operate special digit add “1” to
ent:r a quotient digit of “1” during this next reduction
cycle.

The quotient digit latch output also controls the carry
insert circuit so that a carry is inserted at DIL on all
divide complement add cycles except the first one after
a shift, instead of at DOL as on other complement add
cycles, This inserts the necessary “elusive one" into the
D2L position when dividing; on all cycles when a quotient
entry is made in the D1L position; but allows its inser-
tion into the D1L position on the first reduction cycle
after a shift, when no quotient entry is made.

This is illustrated in the preceding simplified chart
of division.

Reduction cycles contimue until no DXL carry occurs.
No divide subtract signal is developed to shunt the
NWPL reset of the distributor complement add latch and
the distributor true control latch. These latches turn
off, and remove the gates necessary for subtracting the
distributor. As the distributor complement add latch
goes off, on a divide operation, a capacitor coupled
cathode follower pulse holds the accumulator true add
latch on. With accumulator true add and distributor
true control on, the necessary gates are developed to true
add the distributor to the upper accumulator, thus pro-
viding the correction cycle.

At the end of the correction cycle the accumulator
true add latch turns off. A capacitor coupled pulse,
when it goes off, switches with divide latch on and
quotient digit latch off to develop a divide left shift sig-
nal which turns the M-D left shift latch on, if the end
M-D latch is still off.

This process of shifting, reducing and correcting and
the consequent entry of quotient digits continues until
the shift count number in the accumulator DOL position
is advanced to 10, as indicated by a DOL carry. This
carry turns on the M-D left shift latch. With this latch
on the divide left shift signal at the end of the last cor-
rection cycle, is prevented from turning on the M-D
left shift latch and instead turns off the divide latch to
stop the operation.

Circuit operation:

(1) Divide signal DXL and DOL—

(a) Mixes at mix 1132 (Fig. 85q) to give an M-D
signal which: (1) Switches at switch 1134 (Fig. 85¢)
with DXL, A-C gate to reset the remainder sign latches,
(2) Switches at switch 1138 with DXL, C-A gate to give

plement add latch, the distributor true control latch and 76 a test gate which in turn switches at switches 1136 and
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1137 (Fig. 850) with an accumulator plus or accumu-
lator minus indication from the accumulator sign latches,
to turn on either the remainder plus or remainder minus
sign latch. This transfers the dividend sign to the re-
mainder sign latches and establishes the sign of the re-
mainder. (3) Switches with DXL at switch 1138 (Fig.
85j) to give zero insert for the first cycle. (4) Switches
at switch 1139 (Fig. 857) with D0, A-C gate to reset
the accumulator sign latches, after the dividend sign has
been transferred to the remainder sign latches. (5)
Switches at switches 1141 and 1142 (Fig. 85r) with
either a distributor plus or a distributor minus sign and
a DOL timing gate, to develop either a multiplicand-di-
visor plus signal or a multiplicand-divisor minus signal.
These signals switch at switches 1143 and 1144 (Fig.
85n) and 1145 and 1146 (Fig. 85s) with the dividend
sign from the remainder plus or remainder minus latch,
to turn on either the accumulator plus or accumulator
minus latch. This establishes the sign of the quotient,
in the accumulator sign latches.

(b) Switches at switch 1171 (Fig. 85!) with no reset
signal to turn remainder control latch to the remainder
side.

The remainder control latch will have been turned to
the no remainder side by coincidence of a reset signal
and D10U if a divide reset (code 64) was programmed.

The remainder control latch on or off outputs switch
at switches 1172 and 1173 with either no reset or reset
to develop the remainder check gate needed to turn the
divide latch on. This is a check to insure that the re-
mainder control latch is properly set in accord with the
programmed reset or no reset before proceeding with
the division. The remainder control latch outputs are
also switched and mixed as shown at Fig. 850 to control
the accumulator sign R.O.

(¢) Switches at switch 1174 (Fig. 85p) with remain-
der check gate to turn on the divide latch 1176.

(d) Mixes at mix 1175 (Fig. 85k) to turn on the
M-D left shift latch.

(2) Divide latch—

(a) Removal of off output: (1) Lowers M-D blank
at output of cathode follower 1148 to block D10U over-
flow circuit; prevents turning off end M-D latch until
division latch goes off, by action of switch 1177; blocks
switch 1016 (Fig. 85s) to prevent accumulator sign re-
set on divide complement add cycles. (2) Blocks
switches 1011 (Fig. 85s) and 1014 (Fig. 85¢) to pre-
vent reset of accumulator sign latches on divide comple-
ment add cycles.

(b) On output: (1) Mixes at mix 1048 (Fig. 85h) to
give accmulator R.I. gate for divide. (2) Mixes at
mix 1057 (Fig. 85c) to turn accumulator regeneration
off for division. (3) Mixes at mix 928 (Fig. 86a) to
turn upper control latch on for division. (4) Mixes at
mix 1027 (Fig. 85c) to turn arithmetic operation latch
on for division. (5) Switches at switch 1178 (Fig. 85k)
with end M-D left shift pulse to give divide subtract
signal. (6) Switches at switch 1179 (Fig. 85p) with
quotient digit off and accumulator true add off pulse at
end of correction cycle to give divide left shift signal.
(7) Switches at switch 1181 (Fig. 85m) with distributor
complement add off pulse, to hold accumulator true add
latch on for correction cycle. (8) Switches at switch
1182 (Fig. 85p) with distributor complement add on and
D10U, to turn on quotient digit latch 1183. (9) Switches
at switch 937 (Fig. 85¢) as one condition necessary to
zero insert for the upper word portion of the last cor-
rection cycle, to reset the remainder, on divide with reset.

(3) M--D left shift latch—

(a) Develops the same left shift control gates listed
under M-D left shift latch, on multiply.

{b) Provides distributor complement add gate used by
coupled cathode follower pulse at cathode follower 1184
(Fig. 85k) provides the end left shift signal which
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switches at switch 1178 with divide latch on, to give a
divide subtract signal.

(4) Distributor complement add latch—

(a) Turns on with a divide subtract signal through mix
1185 (Fig. 85m).

{b) Provides distributor complement add gate used by
adder entry B for a complement distributor entry.

(¢) Mixes at mix 1007 to give complement accumu-
lator or distributor gate. This gate blocks no-carry in-
sert at DOL time and gives carry insert at DOL when
quotient digit latch is off or DIL when quotient digit
latch is on.

(d) Switches at switch 1182 (Fig. 85p) with divide
latch on and DI10U to turn quotient digit latch on at
D10U time of each reduction cycle.

(e} Switches at switch 1186 (Fig. 86g) with DXL to
give special digit add zero at DXL of each distributor
complement add cycle. This supplies a true zero at
DXL and blanks the complement zero from the distribu-
tor zero entry circuit. This true zero is needed to merge
in the adder with the shift count number so that it will
not be altered on divide subtract cycles.

(f) Switches at switch 1187 (Fig. 86g) with quotient
digit latch on and DOL to give special digit add “1” for
quotient entry. This “1” merges with contents of accumu-
lator DIL from early output and stores back in DIL
position.

(g) As the distributor complement add latch turns off,
at the end of the last reduction cycle of the shift, a capaci-
tor coupled cathode follower pulse at cathode follower
1188 (Fig. 85m) switches at switch 1181 with divide
latch on, to hold accumulator true add latch on for the
correction cycle.

(5) Distributor true control latch—

(a) Turns on with divide subtract signal.

(b) Removal of off output removes distributor true
add gate from adder entry B switching and blocks any
possible upper word zero insert at switch 937 (Fig. 85¢)
until last correction cycle on divide with reset.

(6) Accumulator true add latch—

(a) Cannot operate overflow circuit during a divide
operation because of M-D blanking gate.

(b) Mixes at mix 1162 (Fig. 85¢) to turn on arith-
metic operation latch (parallels divide latch action).

(c) Mixes at mix 1042 (Fig. 85h) for accumulator
R.1. gate (parallels divide latch action).

(d) Mixes at mix 959 (Fig. 85m) to turn accumula-
tor regeneration latch off (parallels divide latch action).

(e) Mixes at mix 1003 (Fig. 854) to give accumula-
tor true add gate and accumulator true-complement add
gate for DXL through DI10U. These gates allow the
accumulator early outputs to enter the adder on reduc-
tion and correction cycles.

(f) Switches at switch 937 (Fig. 85¢) as one condition
necessary to give zero insert during upper word of last
correction cycle, on divide with reset.

(7) Quotient digit latch—

(a) On D10U when distributor complement add latch
is on by action of switch 1182 (Fig. 85p).

(b) Removal of off output: (1) Blocks switch 1179
(Fig. 85p) to prevent development of divide left shift
signal except when quotient digit latch is off. (2) Blocks
switches 1189 and 942 (Fig. 85¢) to prevent DOL carry
insert on complement add cycle when quotient digit latch
is on. (All reduction cycles except the first of any shift.)

(c) On output: (1) Switches at switches 943 and 944
(Fig. 85¢) to give carry insert at DIL on all reduction
cycles except the first of a shift. (2) Gives quotient digit
gate to control overflow circuit. (3) Switches at switch
1187 (Fig. 86g) with DOL and distributor complement
add on, to give special digit add “1"” for quotient entry
to the accumulator DIL position. (4) Switches at switch
1191 (Fig. 85p) with DXL and divide latch on to de-
velop a divide test signal which tests for the presence of
& DXL carry on reduction cycles.
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(8) DOL carry latch—

(a) On with DOL carry, when shift count is advanced
to 10 on an M-D left shift cycle, by action of switch
1063 (Fig. 852). )

(&) On output switches at switch 1165 (Fig. 85k) with
M-D pgate, to turn end M-D latch on.

(9) End M-D latch—

{a) Removal of off output blocks switch 1192 (Fig.
85k) to prevent divide left shift signal from turning on
the M-D left shift latch.

(b) On output conditions switch 1193 (Fig. 85p) to
allow divide left shift signal, at end of last correction
cycle, to turn off divide latch.

{c) On output mixes at mix 1057 (Fig. 85¢) to hold
accumulator regeneration off and at mix 1048 (Fig. 85h)
to extend accumulator R.I. for DXL of the cycle follow-
ing the last correction cycle. This allows the DXL adder
output to enter the accumulator DXL position on the last
correction cycle.

(d) End M-D latch turns off, with next EDGL by ac-
tion of switch 1177 (Fig. 85k) after the divide latch goes
off and restores the M—D blanking gate.

{e) A capacitor coupled cathode follower pulse at
cathode follower 1168 when end M-D latch goes off,
mixes at mix 1169 (Fig. 85¢) to turn accumulator regen-
eration on and start regeneration with DOL.

{10) Removal of divide latch on output lowers divide
control gates and allows arithmetic operation latch to
turn off. This develops end of operation signal to turn
off operation interlock latch and allow commutator to ad-
vance.

(11) If remainder control latch is on no remainder,
due to use of code 64, the remainder is cleared from the
upper accumulator during the upper word interval of the
last correction cycle. This is done by the switch 937
(Fig. 85¢). A coincidence of divide latch on, end M-D
on, distributor true on, accumulator true add on, re-
mainder control latch on and an upper word timing gate
operates the zero insert circuit to enter zeros in the upper
accumulator during the last correction cycle.

Circuit operation for table look-up

The table look-up operation is provided to allow in-
formation to be obtained which has been pre-stored in the
form of a table (Fig. 120).

A table consists of a series of arguments (reference
facts) arranged in a sequence of ascending absolute values
and an associated series of functions (result values).
The stored arguments are searched until one is found
which compares with, or is next higher than, the search-
ing argument. The stored function value, associated with
the selected stored argument, is the desired result.

The arguments of a table are stored in ascending se-
guence. The first argument of a table is in the first word
location of a band (addresses ending in —00 or ——50).
Each argument after the first is placed in successive lo-
cations, except that the last two word locations of a
band cannot be used for the storage of arguments (ad-
dress ending in —48, —49, —98, —99),

The associated function values are usually stored in an
area of the drum other than that containing the argu-
ments. When this is done, each function value is a fixed
number of storage locations away from its associated
argument, so that once the address location of the argu-
ment is known, the address location of the function value
can be determined by the addition of & constant to the
address of the argument.

The function value associated with each argument may
be stored in the same storage location as the argument,
provided the total number of positions does not exceed
ten.

A table look-up operation is accomplished by a code 84
on one program step. The known argument (searching
argument) must have been placed in the distributor by a
preceding operation. The table search starts at the loca-
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tion specified by the data address which accompanies the
84 code. This address, except under special conditions,
will be one ending in —00 or —350, the first word of a
“table”™ band.

During the table look-up operation the searching argu-
ment in the distributor is successively compared with
each of the stored arguments. When the equal argument,
or next higher when no equal is present is located, the
address of this selected argument is placed in the data
address positions (8-5) of the lower accumulator.

On the next program step a stored constant can be
added to the lower accumulator to alter the “D” address
to that of the location of the associated function value.
At the same time the appropriate Op. code and “I” ad-
dress can be added to the other lower accumulator posi-
tions. The result is an instruction word, located in the
fower accumulator, whose “D” address is the location of
the desired function value. This word can be used by
using an 8002 “I” address or can be stored in general
storage for later use.

On a TLU operation the contents of the word locations
of the address selected “table” band are successively com-
pared with the contents of the distributor. This is ac-
complished by allowing the general storage outputs to
enter the adder via entry A and the “on time” distributor
outputs to enter the adder, in 10’s complement form, via
entry B.. An adder carry indicates that an equal or next
higher argument has been found. If no adder carry is
detected, the selecting address in the data address posi-
tions (5-8) of the program register and in the address
register must be increased by 50. This is accompl:shed
by running the contents of the program register through
the adder during the 49th word interval of the band,
adding a 5 to its D6 position and storing the result back
in the program register. The modified D5 through D8
positions also enter the address register from the program
register on time lines, in the normal manner. The new
general storage selection is available from the address
register during D5 through D8 of the 49th word interval.
The 50th word interval allows time for the general stor-
age selection circuits to recover, before being used.

The search continues as before vntil an adder carry is
detected. When a carry is sensed, a number equal to the
drum word interval during which the carry was sensed,
is added to the modified address in the program register.
(This address in the program register is the address of the
first word of the band.) Thus the general storage ad-
dress of the equal or next higher argument is found. This
addition is also done on a program register add cycle,
during the word interval following the one on which the
carry is detected. The value of the number which is
added is determined by the sector and word timing inter-
val during which the carry is detected.

After the desired address is in the program register an
additional cycle is taken, during which the program regis-
ter contents enter the adder, merge with zeroes and the
adder output for DS through D8 allowed to enter the
lower accumulator.

Table look-up—Code 84.

Signal from Program: TLU (“D” control).

Key units:

TLU control latch 916 (Fig. 86c). On, TLU signal,

DO, 84, W9. Off when TLU carry latch comes
on. Sets up TLU operation. TLU program add
latch 1037 (Fig. 86b). On, DX and TLU band
change signal (S4, W8), or DX and TLU carry
Jatch on, or DX and coincidence of program to ac-
cumulator latch on and lower control latch on.
Off next NWP. Develops gates which allow pro-
gram register early outputs to enter adder and
adder outputs to control program register pedes-
tals. Also control no-carry insert om program
add. TLU program regeneration control latch
1194 (Fig. 865). Off with same conditions which
turn TLU program add latch on. On with next
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WP. When off, interrupts program register re-
generation by blocking the path between program
on time latch outputs and pedestal lines,

TLU carry latch 918 (Fig. 864). On, DX, A-C
gate and adder carry. Off next NWP. Controls
addition of proper number to program register D5
and D6 position, depending on which word time it
is turned on.

Program to accumulator control latch 1195 (Fig.
86d). On when TLU carry latch goes off at end
of address adjustment cycle. Off next NWPU.
When on, causes entry of the program register
contents to adder A during a lower word interval;
the entry of special digit zeros to adder B to
merge with the program register values and the
development of a distributor blanking gate; the
entry of the DS through D8 adder outputs into
the corresponding lower accumulator positions
and the entry of all adder outputs back into the
program register.

Lower control latch 927 (Fig. 864). On, WP (DX)
when program to accumulator control latch goes
on. Off next NWPL after program to accumu-
lator control latch goes off. (Note: This latch
action not needed for proper logical operation of
the circuit.)

Accumulator regeneration latch 956 (Fig. 85c¢).
On next D5SL after program to accumulator con-
trol latch comes on. Off next D9. Interrupts ac-
cumulator regeneration for D5 through D8 of the
next lower word after program to accumulator
control comes on. Timing chart of Fig. 63.

Circuit action: Any table search starts with W0 of a
band. Program control sends a signal when an Op. code
of 84 is present, which lasts from the time “D" control
appears until S4, W9, when the TLU control latch turns
on and turns single interlock 857 (Fig. 81/) on. This
signal turns on the TLU control latch which provides
the necessary adder A and B entry gates and carry insert
controls to allow the general storage outputs to enter the
adder and merge with distributor complement *on time”
outputs.

If an adder DX carry is not detected by S4, W8 time, a
TLU band change signal is developed. This signal resets
the address register, develops an address register read-in
gate for D5 through D8 of the next word interval, oper-
ates add zeros and add 5 circuits, turns on the program
add latch and turns off the TLU program regeneration
contro] latch. This action develops those adder control
gates, address register controls and program regeneration
controls necessary to enter the early outputs of the pro-
gram register into the adder, add 5 to the D6 position,
store the result back in the program register and enter the
modified data address in the address register. This is
done during W8 of 84. W9 time is allowed for the gen-
eral storage head selection circuits to settle, after being
activated by the new address register output. During
this 84, W8 time the gates which allow general storage
and distributor outputs to enter the adder, under control
of the TLLU control latch, are blocked. At the end of
S4, W9 time these gates are restored and the newly
selected general storage band outputs compared with the
contents of the distributor.

This process continues until an adder DX carry is de-
tected. A carry at any digit time will be reflected up
through the successive digit intervals and is detected at
DX time to turn the TLU carry latch on. In this way the
TLU carry latch is made to turn on at the beginning of a
word interval on any carry condition. The TLU carry
latch stays on for one word, until the next NWP,

At this point it is necessary to set up another program
add cycle, during which a number, equal to the timing
word interval during which the carry was found, is added
to the D5 and D6 positions of the address in the register.
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This addition will occur during the next word interval
after the carry was detected and the value of the number
to be added will be one less than the word time during
which the addition takes place. For example, an addi-
tion occurring during word 20 time (S2, W0) was
signalled by a carry detected during word 19 time (SI,
W9) and must result in the addition of 19 to the program
register.

The TLU carry latch output energizes coincident cir-
cuits which energize the proper special digit circuits to
accomplish this selection of the correct number to be
added. At this point the address of the selected argu-
ment is in the DS through D8 positions of the program
register.

When the TLU carry latch goes off, a capacitor coupled
cathode follower pulse turns the program to accumula-
tor control latch on. This latch may come on at the start
of either an upper or lower word. Once on, it stays on
until the next WPU. While on it turns on the program
add latch and holds it on through a lower word, if neces-
sary; turns off the TLU program regeneration control
latch and holds it off through a lower word, if necessary;
operates the add zeros and distributor blanking circuits;
turns accumulator regeneration off and develops accumu-
lator R.I. for DS through D8 of the lower word interval
during which it is on. These actions develop those adder,
program register, and accumulator control gates neces-
sary to enter the program register contents into the
adder, merge it with zeros, store the result back in the
program register and enter D5 through D8 adder outputs
into the D5 through D8 positions of the lower accumu-
lator. Note that if the program to accumulator control
latch comes on at the start of an upper word, the pro-
gram register contents will be passed through the adder
twice, once during the upper word time and again during
the following lower word interval. The entry to the ac-
cumulator can be made only during the lower word
interval.

When the program to accumulator control latch goes
off at NWPU, a capacitor coupled cathode follower pulse
i8 the restart signal which advances the control com-
mutator to start an “I” half cycle.

Summary of table look-up

Table arguments are stored on the drum in ascending
sequence by their absolute values (argument signs are
ignored). Therefore, it will be necessary to treat some
tables containing arguments with different signs as two
different tables. In some cases, only one set of arguments
would be stored and two different locations referred to
according to the sign of the search argument.

Arguments are stored 48 to a band except for the last
band of a table which may contain less. The last two
memory locations in each band (0048, 0049, 0098, 0099,
etc.) cannot be used to store table arguments. They may
be used to store functions, instructions, etc., however.
Table arguments should be stored in successive drum
locations starting with the first word in a band (0000,
0050, 0100, etc.).

A table does not need to contain all of the possible
search arguments which will be encountered. A table
look-up operation will cause a search until an equal or
next higher condition occurs, Thus, when a search argu-
ment is not actually in the table, the search will stop on
the next higher table argument. Interpolation can be
accomplished by programming, if necessary.

The fact that the search stops on a next higher as well
as an equal condition makes possible, in many cases, the
location of both the table argument and the associated
function in the same word. The argument must be stored
in the most significant positions of the word.

Function values also may be stored a fixed number of
locations from their arguments. Thus, having found the
location N of the argument, the function is located at
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N+C where C is the fixed separation of the functions
from the arguments.

The “D” address of the table look-up instruction is the
address of the location of the first argument in the table.
Should the “D” address be other than the first address of
a band, the search will begin at the first address of the
band and add the address of the equal (or next higher)
argument to the “D” address. This may be useful for
short tables having less than one band of arguments as it
saves modification to locate the function address. For
example: the instruction 84 0020 xxxx is given for a 20
argument table whose arguments are located 0000—0019.
The argument at 0015 equals the given argument xx 0035
xxxx will appear in the lower accumulator. 1f the func-
tion is stored 20 locations from the argument, the lower
accumulator contains the address of the function with no
further modification.

1t is possible to store several short tables in one band
and use the same “D” address. For example: assume 3
tables 15 arguments in length each having 5 digit argu-
ments: Searching will begin at 0000, Proper placement
of the argument will cause the search to be effective only
in the applicable section of the band. When this method
is used, it is necessary for the first argument of each table
to be greater in value than the last argument of the pre-
vious table (. . . 9999, 10000 . . ., 99999, 100000 . . .).

The known argument must be placed in the distributor
prior to the search operation. Throughout the table look-
up operation this argument is compared against the table
arguments stored on the drum. When an equal argument
or next higher (if no equal exists) is located, the address
is placed in positions 8-5 of the lower half of the ac-
cumulator. As mentioned above, the absolute value (sign
ignored) of the distributor argument is compared with the
absolute value of the table arguments. When the search
is complete, the known argument will be unaltered in the
distributor. Positions 10-9 and 4-1 of the lower half of
the accumulator will also be unaltered.

It will be necessary to modify the argument address in
positions 8—5 of the lower accumulator in order to locate
the function except for the two cases mentioned:

(1) Argument and function stored in the same word.

(2) Address of function compiled by giving “D"” ad-
dress other than the first in the band.

It is possible to achieve the results of a table look-up
operation without actually using the table look-up code
(84). This type of operation is feasible if the arguments
to be used are four digit numbers that fall in a block be-
tween the limits of 0000 and 1999 or 0000 and 0999 (or
can be modified in some manner to meet these condi-
tions).

One application that might lend itself to this method
of programming is cost distribution by department num-
ber. If it is assumed that department numbers run from
0001 to 0200, it is then possible to assign magnetic
drum location 0001 to department 0001, location
0002 to department 00002, etc, By using department
number which had been read into the machine from a
card, as a data address, it is possible to locate the associ-
ated magnetic drum storage location without doing a
table look-up. :

This is one method of doing table look-up without
using code 84. Modifications of this basic approach are
possible but are dependent on the type of information
processed.

Code 84 performs an automatic table look-up using
the “D” address as the location of the first table argument
and the “I” address as the address of the next instruction
to be executed. The argument for which a search is to
be made must be in the distributor. The address of the
table argument equal to or higher (if no equal exists) to
the argument given is placed in positions 8-5 of the lower
accumulator. The search argument remains, unaltered,
in the distributor.
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Clearing drum

‘The following routine can be used to clear effectively
the entire drum to minus zeros. Minus zeros are used
to differentiate between a location that was never loaded
and & location that might be cleared to plus zero by a
store instruction in the program.

Instruction
Location of Instruction Operation
Abbrev,
orp Data | Instr,

70 0004 xxxx { RD

61 0008 | 0007 | RSU

69 0006 0005 | LD

24 0000 8003 | BTD

10 0001 8003 | 8U

This routine will clear all drum locations to zeros with
the exceptions of location 0000 which will contain the
constant 01 0000 8000 and location 0001 which will con-
tain the constant 00 0001 0000.

If a stop instruction (operation 01) is stored in loca-
tion 0000, the failure to load all the instructions of the
program will cause the machine to stop. The stop will
occur as soon as the first missing instruction is referred
to once the program has been started.

In any memory location where an instruction is miss-
ing, there will be zeros. When this location is referred
to, the zeros in positions 10 and 9 become a no-op code
(00) and the machine will go immediately to the “I”
address of the instruction (positions 4-1), Since the
“I address portion is also zeros, the address of the next
instruction is 0000. Location 0000 contains a stop code
and the machine will stop at that point if the programmed
switch is set to “Stop.”

While there have been shown and described and pointed
out the fundamental novel features of the invention as
applied to a preferred embodiment, it will be under-
stood that various omissions and substitutions and changes
in the form and details of the device illustrated and in its
operation may be made by those skilled in the art, with-
out departing from the spirit of the invention. It is the
intention, therefore, to be limited only as indicated by
the scope of the following claims,

What is claimed is:

1. In a data processing machine: table look-up mecha-
nism comprising program storage means adapted to have
manifestations of program data stored therein, said mani-
festations of program data including the manifestations
of an address of an argument of a table to be searched;
second storage means adapted to have manifestations of
tabular data comprising the arguments of the table to
be searched stored therein; third storage means adapted
to have manifestations of data comprising the argument
to be located stored therein; merging means having first
and second data manifestation inputs and a data mani-
festation output and adapted to merge manifestations of
data from said first input with manifestations of data
from said second input and manifest merged data at said
output; first data manifestation transfer means under con-
trol of said program storage means adapted to be con-
ditioned in accordance with manifestations of program
data stored in said program storage means for successive-
ly communicating manifestations of data comprising suc-
cessive arguments succeeding the argument jocated at the
address included in said manifestations of program data
from said second storage means to said first input; sec-
ond data manifestation transfer means for conveying
the manifestations of data from said third storage means
to said second input simultaneously with each communi-
cation of manifestations of data from said second stor-
age means to said first input; third data manifestation
transfer means adapted to transfer manifestations of
data from said program storage means to said first input;
data manifesting means for manifesting values equal to
the difference between the value of the address included
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in said manifestations of program data and the values of
the addresses of the arguments communicated from said
second storage means to said first input; fourth data
manifestation transfer means for transferring data from
said data manifesting means to said second input; and
means under control of said output for disabling said
first and said second data transfer means and enabling
said third and said fourth data transfer means in response
to a predetermined signal manifested at said output so
that the address included in said manifestations of pro-
gram data is merged with the value manifested by said
data manifesting means.

2. In a data processing machine, first data manifesta-
tion storage means, second data manifestation storage
means, third data manifestation storage means, data
manifestation merging means having first and second
inputs and an output, data manifesting means, a first
data manifestation conveying link under control of said
first data manifestation storage means adapted to be
conditioned in accordance with manifestations of data
stored in said first data manifestation storage means and
adapted to convey manifestations of data sequentially
from said second storage means to said first input, a
second data manifestation conveying link adapted to
convey manifestations of data repeatedly from said third
data manifestation storage means to said second input,
means for enabling said first and said second data mani-
festation conveying links, a third data manifestation con-
veying link adapted to convey manifestations of data from
said first data manifestation storage means to said first
input, a fourth data manifestation conveying link adapted
to convey manifestations of data from said data manifest-
ing means to said second input, and switching means
under control of said output for disabling said first and
said second data manifestation conveying links and for
enabling said third and fourth data manifestation con-
veying links in response to a predetermined output
condition.

3. In a data processing machine which is adapted for
performing a table look-up operation under the control
of stored manifestations of program values, said mani-
festations of program values each comprising an address
portion, the combination of a rotating magnetic drum
on which is defined a plurality of address positions ar-
ranged in tracks about said drum, each track having a
home position; means for recording manifestations of a
plurality of arguments of tabular data in consecutive
ascending order in chosen address positions beginning
with the home position of one of said tracks, program
manifestation storage means for storing manifestations
of a program value containing the address of the home
position of one of said tracks having manifestations of
tabular data stored therein, address selecting means
under control of said program manifestation storage
means adapted to be conditioned in accordance with the
address portion of manifestations of a program value
stored in said program manifestation storage means for
sequentially selecting the address position on said drum
corresponding to said address portion of said program
value manifestation and said chosen succeeding address
positions so that said manifestations of arguments are
sequentially selected in ascending order, means for mani-
festing a value equal to the number of manifestations of
arguments sequentially selected, auxiliary storage means
for storing manifestations of an argument for which
the corresponding address on said drum is sought, an
adder for concurrently receiving and adding manifesta-
tions of two values, a first data manifestation conveying
link adapted to sequentially convey the selected mani-
festations of arguments from said drum to said adder, a
second data manifestation conveying link adapted to re-
peatedly convey manifestations of the complement of
the argument from said auxiliary storage means to said
adder concurrently with the conveyance of manifestations
of said selected arguments, a third data manifestation
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conveying link connected between said program mani-
festation storage means and said adder, a fourth data
manifestation conveying link connected between said
manifesting means and said adder, and means responsive
to a carry from the highest ordered position of said
adder to disable said first and said second data manifesta-
tion conveying links and to enable said third and said
fourth data manifestation conveying links respectively to
concurrently convey manifestations of the address por-
tion of said program value and the value manifested by
said manifesting means to said adder so that manifesta-
tions of the two values are added to produce manifesta-
tions of the address sought.

4. Apparatus according to claim 3, characterized fur-
ther in that a data manifestation transfer link is provided
between said adder and said magnetic drum so that mani-
festations of an address produced by said adder may be
recorded on said drum for subsequent use.

5. Apparatus according to claim 3, in combination
with an accumulator for storing manifestations of a
program value, an output for said adder, a data mani-
festation transfer link for transferring address mani-
festations from said output to replace the address portion
of the manifestations of said program value stored in said
accumulator and means for transferring data manifesta-
tions from said accumulator to said magnetic drum so
that manifestations of said modified program value may
be subsequently used.

6. Apparatus according to claim 5, in combination
with a data manifestation transfer link for transferring
manifestations of program values from said magnetic
drum to said program manifestation storage means.

7. In a data processing machine which is adapted for
performing table look-up operations under the control
of stored manifestations of program words, said program
words each comprising an address portion and an opera-
tion code portion, the combination of a rotating magnetic
drum on which is defined a plurality of address positions
arranged in tracks about said drum, each track having a
home position, means for recording a plurality of mani-
festations of arguments of tabular data in consecutive
ascending order in chosen address positions beginning
with the home position of one of said tracks and for
recording manifestations of program words in other ad-
dress positions, an accumulator, means for entering mani-
festations of a program word from said drum into said
accumulator, program manifestation storage means
adapted to store manifestations of a program word,
means for transferring manifestations of a program word
containing the address of the home position of one of
said tracks having manifestations of tabular data stored
therein and containing a table look-up operation code
from said drum to said program manifestation storage
means, address selecting means under control of said
program storage means adapted to be conditioned in
accordance with manifestations of the value of the ad-
dress portion of a program word stored in said program
storage means for selecting the corresponding address
position on said drum, means under control of said pro-
gram manifestation storage means adapted to be con-
ditioned in accordance with manifestations of the opera-
tion code portion of the program word stored in said
program manifestation storage means for activating said
address selecting means to sequentially select said chosen
address positions succeeding the address position selected
in accordance with manifestations of the address portion
of the program word stored in said program storage so
that manifestations of said arguments are sequentially
selected in ascending order, means for manifesting a
value equal to the number of address positions from the
first selected argument manifestations through the last
selected argument manifestations, auxiliary storage means
for storing manifestations of an argument for which
the corresponding address position on said drum is sought,
an adder for concurrently receiving and adding manifesta-
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tions of two values and having an output for transmitting
manifestations of the sum of two added values, a first
data manifestation conveying link for sequentially con-
veying manifestations of the selected arguments from
said drum to said adder, a second data manifestation con-
veying link for repeatedly conveying manifestations of
the complement of the argument stored in said auxiliary
storage means to said adder concurrently with the con-
veyance of manifestations of said selected arguments, a
third data manifestation conveying link coupling said
program storage means to said adder, a fourth data mani-
festation conveying link coupling said manifesting means
to said adder, means responsive to a carry at said output
from the highest ordered position of said adder to disable
said first and said second data manifestation conveying
links and to enable said third and said fourth data mani-
festation conveying links respectively to concurrently
convey manifestations of the value of the address portion
of the program word from said program manifestations
storage means and the value manifested by said manifest-
ing means to said adder so that manifestations of the
two values are added to produce at said output mani-
festations of the value of the address sought, means for
transferring manifestations of the value from said output
to said accumulator to replace the manifestations of the
value of the address portion of the program word in
said accumulator, and switching means for conditioning
said recording means to record manifestations of the new
word stored in said accumulator on said drum.

8. In a data processing machine which is adapted to
be programmed by manifestations of internally stored
program words, said program words each comprising an
address value portion, an operation value portion, and
an instruction value portion; the combination of a rotat-
ing magnetic drum on which is defined a plurality of
address positions arranged in tracks about said drum,
each track having a home position; means for recording
manifestations of a plurality of arguments of tabular data
in consecutive ascending order in chosen address posi-
tions beginning with manifestations of the first argument
recorded adjacent the home position of one of said tracks
and for recording manifestations of program words in
other address positions; means for reading manifestations
of data recorded on said drum; an accumulator; means
for entering manifestations of a program word from said
drum into said accumulator; program manifestation
storage means adapted to store manifestations of a pro-
gram word; an address register for initially storing mani-
festations of the instruction value portion of a program
word, said instruction value comprising the value of the
address position on said drum of manifestations of a
program word; address selecting means under control of
said address register for selecting an address position
on said drum in accordance with manifestations of the
value stored in said address register; means for entering
manifestations of a selected program word from said
drum into said program storage means; entry control
means for causing manifestations of the instruction value
in said address register to be replaced by manifestations
of the address value portion of the program word in said
program manifestation storage means, said address value
portion comprising the value of the address of the first
argument stored in a track of said drum when said
operation value portion of said program value com-
prises a table look-up code; an operation register; means
for entering manifestations of the operation value por-
tion of the program word stored in said program mani-
festation storage means into said operation register;
switching means under control of said operation register
adapted to be conditioned in accordance with manifesta-
tions of the value stored in said operation register for
activating said address selecting means to sequentially
select said chosen address positions succeeding the ad-
dress position selected in accordance with manifestations
of the address value stored in said address register when
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said operation register has manifestations of a table look-
up code operation value stored therein so that manifesta-
tions of said arguments are sequentially selected in
ascending order; means for manifesting a value equal to
the number of address positions on a track from the
home position of the track through the last selected
argument; a distributor for storing manifestations of an
argument for which the corresponding address position
on said drum is sought; an adder for concurrently receiv-
ing and adding manifestations of two values and having
an output for transmitting manifestations of the sum
of the two received manifestations of values; a first data
manifestation conveying link for sequentially conveying
manifestations of the values of the selected arguments
from said drum to said adder; a second data manifesta-
tion conveying link for repeatedly conveying manifesta-
tions of the value of the complement of the argument
manifestations stored in said distributor to said adder
concurrently with the conveyance of manifestations of
said selected arguments so that a carry will be produced
from the output of said adder when manifestations of
a selected argument equals or exceeds the value of the
argument manifestations stored in said distributor; a third
data manifestation conveying link coupling said program
storage means to said adder; a fourth data manifestation
conveying link coupling said manifesting means to said
adder; means under the control of the output of said
adder for disabling said first and said second data mani-
festation conveying links upon the occurrence of a carry
from the highest ordered position of said adder and for
enabling said third and said fourth data manifestation
conveying links respectively to concurrently convey mani-
festations of the value of the address portion of the
program word stored in said program manifestation
storage means and manifestations of the value manifested
by said manifesting means to said adder so that mani-
festations of the two last-named values are addcd to
produce at said output manifestations of the value of
the address sought; means for transferring manifestations
of the address value from said output to said accumulator
to replace the manifestations of the address portion of
the program word in said accumulator so that manifesta-
tions of a modified program word are stored in said
accumulator; means responsive to the carry from the
highest ordered position of said adder for enabling said
entry control means to replace the manifestations of the
address value stored in said address register with mani-
festations of the instruction value portion of the pro-
gram word stored in said program storage means whereby
manifestations of the program word stored on said drum
at the address position corresponding to manifestations
of the instruction value in said address register is entered
into said program manifestation storage means to replace
the manifestations of the word previously stored therein
and manifestations of the last-named instruction value
in said address register is replaced by manifestations of
the address value portion of the program word manifesta-
tions last entered into said program storage means; and
means for transferring manifestations of the modified
program word from said accumulator to the address posi-
tion corresponding to the manifestations of the address
value stored in said address register so that manifesta-
tions of said modified program word may be subsequently
utilized.

9. In a data processing machine which is adapted to
be programmed by manifestations of internally stored
program words, said program words each comprising
an address value portion, an operation value portion.
and an instruction value portion; the combination of
a rotating magnetic drum on which is defined a plu-
rality of address positions arranged in a plurality of
tracks about said drum, each track having a home posi-
tion; means for recording manifestations of a plurality
of arguments of tabular data in consecutive ascending
order in chosen address positions extending over a plu-
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rality of said tracks with manifestations of the first
argument recorded on said drum at the address position
adjacent the home position of a first of said plurality
of tracks and for recording manifestions of program
words in other address positions; means for reading
data recorded on said drum; an accumulator; means
for entering manifestations of a program word from
said drum into said accumulator, program manifesta-
tion storage means adapted to store manifestations of
a program word; an address register for initially storing
manifestations of the instruction value portion of a pro-
gram word, said instruction value corresponding to the
address position on said drum of manifestations of a
program word; address selecting means under control
of said address register for selecting an address position
on said drum in accordance with manifestations of the
value stored in said address register; means for enter-
ing manifestations of a selected program word from
said drum into said program storage means; entry con-
trol means for causing manifestations of the instruction
value in said address register to be replaced by mani-
festations of the address value portion of the program
word in said program storage means, said address value
portion comprising the address of the manifestations of
the first argument stored in said first track of said drum
when said operation value portion of the manifestations
of said program word stored in said program storage
means comprises a table look-up code; an operation
register; means for entering manifestations of the opera-
tion value portion of the manifestations of the program
word stored in said program storage means into said
operation register; switching means under control of
said operation register adapted to be conditioned in ac-
cordance with manifestations of the value stored in said
operation register for actuating said address selecting
means to sequentially select said chosen address posi-
tions of said first track succeeding the address position
selected in accordance with the manifestations of the
address value stored in said address register when said
operation register has manifestations of a table look-up
code operation value stored therein so that manifesta-
tions of said arguments recorded in said first track are
sequentially selected in ascending order; first manifest-
ing means for manifesting a value equal to the number
of address positions between the home positions of two
adjacent tracks; second manifesting means for manifest-
ing a value equal to the number of address positions
on a track between the home position of the track and
the last selected argument manifestation inclusive; a
distributor for storing manifestations of an argument for
which the corresponding address position on said drum
is sought; an adder for concurrently receiving and add-
ing manifestations of two values and having an output
for transmitting manifestations of the sum of the mani-
festations of the two received values; a first data mani-
festation conveying link for sequentially conveying
manifestations of the values of the selected arguments
from said drum to said adder; a second data manifes-
tation conveying link for repeatedly conveying mani-
festations of the value of the complement of the argu-
ment manifestation stored in said distributor to said
adder concurrently with the conveyance of manifesta-
tions of said selected arguments so that a carry will be
produced from the output of the highest ordered posi-
tion of said adder when the value of a selected argu-
ment equals or exceeds the value of the argument
manifestation stored in said distributor; a third data
manifestation conveying link coupling said program stor-
age means to said adder; a fourth data manifestation
conveying link coupling said first manifesting means to
said adder; a fifth data manifestation conveying link
coupling said second manifesting means to said adder;
means under the control of the output of said adder
for temporarily disabling said first and said second data
manifestation conveying links upon the selection of a
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predetermined number of argument manifestation con-
taining address positions of said first track without the
occurrence of a carry from the highest ordered position
of said adder and for temporarily enabling said third
and said fourth data manifestation conveying links re-
spectively to concurrently convey manifestations of the
value of the address portion of the program word mani-
festations stored in said program storage means and the
value manifested by said first manifesting means to said
adder so that the two last-named manifestations of
values are added to produce at said output manifesta-
tions of the value of the address of the first address
position of a second track of said plurality of tracks;
means for transferring manifestations of the value of
the address of the first address position of the second
track of said plurality of tracks to sajd program storage
means to replace the manifestations of the address por-
tion of the program word manifestations stored in said
program storage means so that manifestations of the
value in said address register will be replaced by mani-
festations of the value of the address position adjacent
the home position of said second track whereby mani-
festations of the arguments stored in the chosen address
positions of said second track are sequentially selected
by said address selecting means; means under the con-
trol of the output of said adder for disabling said first
and said second data manifestation conveying links upon
the occurrence of a carry from the highest ordered posi-
tion of said adder and for enabling said third and said
fifth data manifestation conveying links respectively to
concurrently convey manifestations of the value of the
address portion of the program word manifestations
stored in said program storage means and the value
manifested by said second manifesting means to said
adder so that the two last-named values are added to
produce at said output manifestations of the value of
the address sought; means for transferring manifesta-
tions of the address value from said output to said accu-
mulator to replace the address portion manifestations
of the program word manifestations in said accumu-
lator so that manifestations of a modified program word
are stored in said accumulator; means responsive to the
carry from the highest ordered position of said adder
for enabling said entry control means to replace the
address value manifestations stored in said address reg-
ister with manifestations of the instruction value portion
of the program word manifestations stored in said pro-
gram storage means whereby the program word mani-
festations stored on said drum at the address position
corresponding to the instruction value manifestations in
said address register are entered into said program stor-
age means to replace the value manifestations previously
stored therein and the last-named instruction value mani-
festations in said address register are replaced by the
address value portion of the program word manifesta-
tions last entered into said program storage means; and
means for transferring manifestations of the modified
program value from said accumulator to the address
position corresponding to the address value manifesia-
tions of stored in said address register so that manifes-
tations of said modified program value may be subse-
quently utilized.

10. In a data processing machine which is adapted for
performing a table look-up operation under the control
of stored manifestations of program words, said program
words each comprising an address portion, the combina-
tion of a rotating magnetic drum on which is defined a
plurality of address positions arranged in tracks about
said drum, each track having a home position, means
for recording manifestations of a plurality of arguments
of tabular data in consecutive numeric order in chosen
address positions beginning with the home position of one
of said tracks, program manifestation storage means for
storing manifestations of a program word containing the
address of the home position of one of said tracks hav-
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ing manifestations of tabular data stored therein, address
selecting means under control of said program manifesta-
tion storage means adapted to be conditioned in accord-
ance with the manifestations of the address portion of
the manifestations of a program word stored in said
program manifestation storage means for sequentially
selecting the address position on said drum corresponding
to said address position of the manifestation of said pro-
gram word and said chosen succeeding address positions
so that manifestations of said arguments are sequentially
selected in numeric order, means for manifesting a value
equal to the number of manifestations of arguments
sequentially selected, auxiliary storage means for storing
manifestations of an argument for which the correspond-
ing address on said drum is sought, an adder for con-
currently receiving and adding manifestations of two
values, a first data manifestation conveying link adapted
to sequentially convey manifestations of the selected argu-
ments from said drum to said adder, a second data mani-
festation conveying link adapted to repeatedly convey the
manifestations of the value of the argument from said
auxiliary storage means to said adder concurrently with
the conveyance of the manifestations of the selected
arguments, said first or said second data manifestation
conveying link being adapted to convey data manifesta-
tions in complement form, a third data manifestation con-
veying link connected between said program storage
means and said adder, a fourth data manifestation con-
veying link connected between said manifesting means
and said odder, and means responsive to a carry from the
highest ordered position of said adder to disable said first
an said second data manifestation conveying links and to
enable said third and said fourth data manifestation con-
veying links respectively, to thereby concurrently convey
the manifestations of the address portion of said program
word and the value manifested by said manifesting means
to said adder so that manifestations of the two values
are added to produce the manifestation of the address
sought.

11, In a data processing machine which is adapted for
performing table look-up operations under the control of
manifestation of stored program words, said program
words each comprising an address portion and an opera-
tion code portion, the combination of a rotating magnetic
drum on which is defined a plurality of address positions
arranged in tracks about said drum, each track having a
home position, means for recording manifestations of a
plurality of arguments of tabular data in consecutive
numeric order in chosen address positions beginning with
the home position of one of said tracks and for recording
manifestations of program words in other address posi-
tions, an accumulator, means for entering manifestations
of a program value from said drum into said accumu-
lator, program manifestation storage means adapted to
store the manifestations of a program word, means for
transferring munifestations of a program word contain-
ing the address of the home position of one of said tracks
having manifestations of tabular data stored therein and
a table look-up operation code from said drum to said
program manifestation storage means, address selecting
means under control of said program manifestation stor-
age means adapted to be conditioned in accordance with
the manifestations of the value of the address portion of
manifestations of a program word stored in said program
manifestation storage means for first selecting the corre-
sponding address portion on said drum, means under con-
trol of said program manifestation storage means adapted
to be conditioned in accordance with the operation code
portion of the manifestations of the program word stored
in said program manifestation storage means for activat-
ing said address selecting means to sequentially select
said chosen addrcss positions succeeding the address posi-
tion selected in accordance with the address portion of
the manifcstations of the program word stored in said
program manifestation storage so that manifestations of
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said arguments are sequentially selected in numeric order,
means for manifesting a value equal to the number of
address positions from the manifestations of the first
selected argument through the manifestations of the last
selected argument, auxiliary storage means for storing
manifestations of an argument for which the correspond-
ing address position on said drum is sought, an adder for
concurrently receiving and adding manifestations of two
values and having an output for transmitting the mani-
festations of the sum of the two added manifestations of
values, a first data manifestation conveying link for se-
quentially conveying manifestations of the valucs of the
manifestations of the selected arguments from said drum
to said adder, a second data manifestation conveying link
for repeatedly conveying the manifestations of the value
of the argument manifestations stored in said auxiliary
storage means to said adder concurrently with the con-
veyance of manifestations of said selected arguments,
said first data manifestation conveying link or said second
data manifestation conveying being adapted to convey
manifestations of data in the complement form, a third
data manifestation conveying link coupling said program
storage means to said adder, a fourth data manifcstation
conveying link coupling said manifesting means to said
adder, means responsive to a carry at said output from
the highest ordered position of said adder to disable said
first and said second data manifestation conveying link
and to enable said third and said fourth data manifesta-
tion conveying link respectively to concurrently convey
the manifestations of the value of the address portion of
the program word from said program manifestation stor-
age means and the value manifested by said manifesting
means to said adder so that manifestations of the two
values are added to produce at said output the manifesta-
tions of the value of the address sought, means for trans-
ferring the manifestations of the value from said output
to said accumulator to replace the value manifestations
of the address portion of the program word manifesta-
tions in said accumulator, and switching means for con-
ditioning said recording means to record the new word
manifestations stored in said accumulator on said drum.

12. In a data proccssing machine which is adapted to
be programmed by internally stored manifestations of
program words, said program words each comprising an
address value portion, an operation value portion, and
an instruction value portion: the combination of a rotat-
ing magnetic drum on which is dcfined a plurality of
address positions arranged in tracks about said drum,
cach track having a home position; means for record-
ing a plurality of manifestations of arguments of tabu-
lar data in consecutive numeric order in choscn address
positions beginning with manifestations of the first argu-
ment recorded adjucent the home position of one of
said tracks and for recording manifestations of program
words in other address positions; meuns for reading data
manifestations recorded on said drum; an occumulator;
means for entering manifestations of a program value
from said drum into said accumulator; program mani-
festation storage means adapted {o store manifestations
of a program word; an address register for initially stor-
ing the instruction value portion of manifestations of a
program word, said instruction value corresponding to
the address position on said drum of the manifestations
of a program word; address selecting means under con-
trol of said address register for selecting zn address posi-
tion on said drum in accordance with the manifestations
of the value stored in said address register; means for
entering manifestations of a selected program word from
said drum into said program manifestation storage
means; entry control means for causing the instruction
value manifestations in said address register to be re-
placed by the address value portion of the program
word manifestations in said program storage means, said
address value portion comprising the address of the mani-
festations of the first argument stored in a track of said
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drum when said operation value portion of said pro-
gram word comprises a table look-up code; an operation
register; means for entering the operation value portion
of the manifestations of the program word stored in
said program manifestation storage means into said op-
eration register; switching means under control of said
operation register adapted to be conditioned in accordance
with the manifestation of the value stored in said
operation register for actuating said address selecting
means to sequentially select said chosen address posi-
tions succeeding the address position selected in accord-
ance with the manifestations of the address value stored
in said address register when said operation register
manifestations of has a table look-up code operation
value stored therein so that manifestations of said argu-
ments are sequentially selected in numeric order; means
for manifesting a value equal to the number of address
positions on a track from the home position of the
track through the last selected argument manifesta-
tions; a distributor for storing manifestations of an ar-
gument for which the corresponding address position
on said drum is sought; an adder for concurrently re-
ceiving and adding manifestations of two values and
having an output for transmitting the manifestations
of the sum of the two received values; a first data mani-
festation conveying link for sequentially conveying the
manifestations of the value of the selected arguments
from said drum to said adder; a second data manifesta-
tion conveying link for repeatedly conveying the mani-
festations of the value of the argument stored in said
distributor to said adder concurrently with the convey-
ance of the manifestations of the values of said selected
arguments so that a carry will be produced from the
output of the highest ordered position of said adder
when the value of the selected argument is equal to
or next adjacent to the value of the manifestations of
the argument stored in said distributor, said first data
manifestation conveying link or said second data mani-
festation conveying link being adapted to convey data
manifestations in the complement form; a third data
manifestation conveying link coupling said program stor-
age means to said adder; a fourth data manifestation
conveying link coupling said manifesting means to
said adder; means under the control of the output of
said adder for disabling said first and said second data
manifestation conveying links upon the occurrence of a
carry from the highest order position of said adder
and for enabling said third and said fourth data mani-
festation conveying links respectively to concurrently con-
vey the manifestations of the value of the address portion
of the program value manifestations stored in said pro-

gram manifestation storage means and the value mani-

fested by said manifesting means to said adder so that
the manifestations of the two last-named values are added
to produce at said output the manifestations of the
value of the address sought; means for transferring the
manifestations of the address value from said output to
said accumulator to replace the address portion of the
program word manifestations in the accumulator so that
manifestations of a modified program word are stored
in the accumulator; means responsive to the carry from
the highest order position of said adder for enabling said
entry control means to replace the address value mani-
festations stored in said address register with the instruc-
tion value portion of the program word manifestations
stored in said program manifestation storage means
whereby manifestations of a program word stored on said
drum at the address position corresponding to the mani-
festations of the instruction value in said address register
are entered into said program manifestation storage
means to replace the value manifestations previously
stored therein and the last-named instruction value mani-
festations in said address register are replaced by the
address value portion of the program word manifesta-
tions last entered into said program manifestation storage
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means; and means for transferring the manifestations of
the modified program word from said accumulator to the
address position corresponding to the manifestations of
the address value stored in said address register so that
manifestations of said modified program word may be
subsequently utilized.

13. In a data processing machine which is adapted
to be programmed by internally stored manifestations of
program values, said program values each comprising an
address value portion, an operation value portion, and an
instruction value portion; the combination of a rotating
magnetic drum on which is defined a plurality of ad-
dress positions arranged in a plurality of tracks about
said drum, each track having a home position; means
for recording a plurality of manifestations of arguments
of tabular data in consecutive numeric order in chosen
address positions extending over a plurality of said tracks
with the first argument manifestations recorded on said
drum at the address position adjacent the home position
of a first of said plurality of tracks and for recording
manifestations of program values in other address posi-
tions; means for reading manifestations of data recorded
on said drum; an accumulator; means for entering mani-
festations of a program value from said drum into said
accumulator; program manifestation storage means
adapted to store manifestations of a program value; an
address register for initially storing the instruction value
portion of manifestations of a program value, said in-
struction value corresponding to the address position on
said drum of manifestations of a program value; ad-
dress selecting means under control of said address regis-
ter for selecting an address position on said drum in ac-
cordance with the value manifestations stored in said
address register; means for entering manifestations of a
selected program value from said drum into said pro-
gram manifestation storage means; entry control means
for causing the manifestations of the instruction value
in said address register to be replaced by the address
value portion of the program value manifestations in said
program manifestation storage means, said address value
portion comprising the address of the manifestations of
of the first argument stored in said first track of said
drum when said operation value portion of the manifesta-
tions of said program value stored in said program mani-
festation storage means comprises a table look-up code;
an operation register; means for entering the operation
value portion of the program value manifestations stored
in said program manifestation storage means into said
operation register; switching means under control of said
operation register adapted to be conditioned in accord-
ance with the value manifestations stored in said op-
eration register for actuating said address selecting means
to sequentially select the chosen address positions of
said first track succeeding the address position selected
in accordance with the address value manifestations stored
in said address register when said operation register has
manifestations of a table look-up code operation value
stored therein so that manifestations of said arguments
recorded in said first track are sequentially selected in
numeric order; first manifesting means for manifesting
a value equal to the number of address positions between
the home position of two succeeding tracks; second mani-
festing means for manifesting a value equal to the number
of address positions on a track from the home position
of the track to the manifestations of the last selected
argument of the said track; a distributor for storing
manifestations of an argument for which the correspond-
ing address position on said drum is sought; an adder
for concurrently receiving and adding manifestations of
two values and having an output for transmitting the
manifestations of the sum of the two received manifesta-
tions of values; a first data manifestation conveying link
for sequentially conveying manifestations of the values
of the selected manifestations of arguments from said
drum to said adder; a second data conveying link for
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repeatedly conveying the manifestations of the value
of the argument manifestations stored in said distributor
to said adder concurrently with the conveyance of the
manifestations of the values of manifestations of said
selected arguments so that a carry will be produced
from the output of the highest ordered position of said
adder when the value of the manifestations of a selected
argument equals or lies next adjacent the value of the
manifestations of the argument stored in said distributor;
a third data manifestation conveying link coupling said
program storage means to said adder; a fourth data
manifestation conveying link coupling said first manifest-
ing means to said adder; a fifth data manifestation con-
veying link coupling said second manifesting means to
said adder; means under the control of the output of
said adder for temporarily disabling said first and said
second data manifestation conveying links upon the
selection of a predetermined number of argument mani-
festation containing address positions of said first track
without the occurrence of a carry from the highest
ordered position of said adder and for temporarily en-
ablinz said third and said fourth data manifestation con-
veying links respectively to concurrenily convey the
manifestations of the value of the address portion of the
program value manifestations stored in said program
storage means and the value manifested by said first mani-
festing means to said adder so that the manifestations of
the two last-named values are added to produce at said
output the manifestations of the value of the address
of the first address position of a second track of said
plurality of tracks; means for transferring the manifes-
tations of the value of the address of the first address
position of the second track of said plurality of tracks
to said program storage means to replace the address
portion of the program value manifestations stored in
suid program storoge means so that the value manifesta-
tions in said address register will be replaced by the
value manifestations of the address position adjacent the
home position of said second track whereby the argument
manifestations stored in the chosen address positions of
suid second track are sequentially selected by said ad-
dress selecting means; means under the control of the
output of said adder for disabling said first and said
second data manifestation conveying links on the oc-
currence of a carry from the highest order position of
said adder and for enabling said third and said fifth
data manifestation conveying links respectively to con-
currently convey the manifestations of the value of the
address portion of the program value manifestations
stored in said program manifestation storage means and
the value manifested by said second manifesting means
to said adder so that manifestations of the two last-named
values are added to produce at said output the manifesta-
tions of the value of the address sought; means for trans-
ferring manifestations of the address value from said
output to said accumulator to replace the address por-
tion of the program value manifestations in said ac-
cumulator so that a modified program value manifesta-
tions are stored in said accumulator; means responsive
to the carry from the highest ordered position of said
a:fder for enabling said entry control means to replace
the address value manifestations stored in said address
register with the instruction value portion of the program
valuz manifestations stored in said program storage
rmeens whereby the program value manifestations stored
on said drum at the address position manifestations cor-
responding to the instruction value manifestations in said
address register are entered into said program storage
means to replace the value manifestations previously
stored therein and the last-named instruction value mani-
festations in said address register are replaced by the
nddress value portion of the program value manifesta-
tions last entered into said program storage means; and
means for transferring the modified program value mani-
festations from said accumulator to the address position
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corresponding to the address value manifestations stored
in said address register so that said modified program
value manifestations may be subsequently utilized.

14. Apparatus according to claim 9, in combination
with means for recording manifestations of functions of
the arguments of the table in address positions on said
drum a constant number of address positions removad
from the address positions of the manifestations of the
arguments, means for storing the manifestations of the
value of the number of address positions the manifesta-
tions of the arguments are removed from their corre-
sponding functions, and means for concurrently entering
the manifestations of the last-named value and the mani-
festations of the value of the address of an argument into
said adder to produce the manifestations of the valuc
of the address position in which the manifestations of
the function of the argument is stored.

15. In a data processing machine which is adapted for
locating the address of the manifestations of an argu-
ment of a table, the combination of means for recording
the manifestations of arguments of the table in ascendig
order in successive address positions of a storage medium,
storage means for storing the manifestations of the value
of the address position of the first recorded argument
manifestations, means for storing manifestations of the
value of an argument for which an address is sought,
means for successively comparing the manifestations of
the value of the argument for which an address is sought
with consecutive recorded manifestations of arguments
starting with the first recorded argument manifestations
and adapted to manifest an equal to or greater than sig-
nal, means for manifesting a value equal to the number
of address positions from the address position of the
first recorded argument manifestations through the ad-
dress position of the first recorded argument manifesta-
tions producing an equal to or greater than signal in said
comparing means, and means responsive to said cqual
to or greater than signal for adding the manifestations of
the value manifested by said manifesting means to the
value manifestations stored in said storage means to pro-
duce the manifestations of the value of the address sougi:t.

16. In a data processing machine which is adapted for
locating the manifestations of a function of an argument
of a table, the combination of a rotating magnetic druin
on which is defined a plurality of consecutively arranged
address positions, means for recording manifestations
of the arguments of the table in ascending order in a first
group of address positions, means for recording mani-
festations of corresponding functions of the arguments in
other groups of address positions removed from the ad-
dress positions of the arguments by constant numbcrs of
address positions, storage means for storing the mani-
festations of the value of the first address position of said
first group of address positions, means for storing mani-
festations of the value of an argument for which a func-
tion is sought, means for successively comparing the
manifestations of the value of the argument for which a
function is sought with consecutive recorded manifesta-
tions of arguments starting with the first address position
of said first group and adapted to manifest an cqual to
or greater than signal, means for manifesting a vnlue
equal to the number of address positions from the ad-
dress position of the first recorded argument manifesta-
tions through the address position of the first recordzd
argument manifestations producing an equal to or greater
than signal in said comparing means, means responsive
to said equal to or greater than signal for adding tc tic
stored value manifestations of the value manifested hy
said manifesting means thereby storing the value mani-
festations of the address position corresponding to the
argument for which a function is sought, and means
subsequently acting to add to the last-named storcd
value manifestations of a value equal to the number of
address positions by which the recorded manifestations of
arguments are removed from the desired recorded mani-
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festations of functions to thereby produce the manifesta-
tions of the value of the address of the function sought.

17. In a data processing machine which is adapted for
locating the manifestations of a function of an argument
of a table; the combination of a rotating magnetic drum
on which is defined a plurality of groups of consecutively
arranged address positions; means for recording mani-
festations of the arguments of the table in ascending order
in a plurality of said groups, each group having the man-
ifestations of an argument recorded in the first address
position thereof and in a predetermined number of con-
secutive address positions thereafter; means for record-
ing corresponding manifestations of functions of the argu-
ments in other groups of address positions removed from
the address positions of the manifestations of the argu-
ments by constant numbers of address positions; storage
means for storing the manifestations of the value of the
first address position of the first group in which mani-
festations of arguments are recorded; means for storing
manifestations of the value of an argument for which
a function is sought; means for successively comparing
the manifestations of the value of the argument for which
a function is sought with the manifestations of the
values of the arguments located at successive address
positions in said groups starting with the first address
position of each group and adapted to produce an equal
to or greater than signal, mecans responsive in the ab-
sence of an equal to or greater than signal for adding to
the manifestations of the value stored in said storage
means the manifestations of a value equal to the number
of address positions in a group if the manifestation of
an argument is not found in the first group having a
value equal to or greater than the value of the argument
for which a function is sought thereby storing the mani-
festations of the value of the first address position of a
second group of argument manifestation containing ad-
dress positions, means responsive to an equal to or greater
than signal for adding to the value manifestations stored
in said storage means manifestations of a value equal to
the number of address positions from the first address
position of the second group through the first address
position of the second group containing the manifesta-
tions of an argument having a value equal to or greater
than the value of the argument for which an address is
sought thereby storing the manifestations of the value
of the address position corresponding to the argument
for which a function is sought, and means for subsequent-
ly adding to the manifestations of the last-named stored
value the manifestations of a value equal to the number
of address positions by which the recorded manifesta-
tions of arguments are removed from the desired recorded
manifestations of functions to thereby produce the mani-
festations of the value of the address of the function
sought.

18. Apparatus according to claim 16, characterized
further in that said means for adding to the stored value
manifestations comprises a one digit matrix adder adapted
to concurrently receive and add two manifestations of
values.

19. In a data processing machine which is adapted for
lTocating the address of the manifestations of an argument
of a table, the combination of a rotating magnetic drum
on which is defined a plurality of address positions, means
for recording manifestations of the arguments of the
table in numeric order in successive address positions on
said drum, means for reading recorded data manifesta-
tions from said drum, storage means for storing mani-
festations of the value of the address position of the
first recorded argument manifestations, means for stor-
ing manifestations of the value of an argument for which
an address is sought, means for successively comparing
manifestations of the value of the argument for which
an address is sought with the manifestations of the values
of consecutive recorded manifestations of arguments
starting with the first recorded argument manifestations
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and adapted to produce an equal to or ncxt adjacent
signal, means for manifesting a value equal to the num-
ber of address positions from the address position of
the first iecorded argument manifestations through the
address position of the first recorded argument mani-
festations having a value equal to or next adjacent to
the value of the argument manifestations for which an
address is sought, and means responsive to said equal to
or next adjacent signal for adding the manifestations of
the value manifested by said manifesting means to the
manifestations of the value stored in said storage means
to produce the manifestations of the value of the address
sought,

20. In a data processing machine which is adapted for
locating a function of an argument of a table, the combi-
nation of a rotating magnetic drum on which is defined
a plurality of consecutively arranged address positions,
means for recording manifestations of the arguments of
the table in numeric order in a first group of address posi-
tions, means recording corresponding manifestations of
functions of the arguments in other groups of address
positions removed from the address positions of the argu-
ments by constant numbers of address positions, storage
means for storing the manifestations of the value of the
first address position of said first group, means for stor-
ing manifestations of the value of an argument for which
a function is sought, means for successively comparing
the manifestations of the value of the argument for
which a function is sought with the manifestations of
the values of consecutive recorded manifestations of argu-
ments starting with the manifestations of the value of
the argument manifestations recorded in the first address
position of said first group and adapted to produce an
equal to or next adjacent signal, means responsive to
an equal to or next adjacent signal for adding to the mani-
festations of the value stored in said storage means the
manifestations of a valuc equal to the number of ad-
dress positions from the address position of the first re-
corded argument manifestations through the address posi-
tion of the first recorded argument manifestations having
a value equal to or next adjacent to the value of the argu-
ment for which a function is sought thereby storing the
manifestations of the value of the address position corre-
sponding to the argument for which a function is sought,
and means for subsequently adding to the manifestations
of the last-named stored value the manifestations of a
value equal to the number of address positions by which
the recorded manifestations of arguments are removed
from the desired corresponding recorded manifestations
of functions to thereby produce the manifestations of
the valuc of the address of the manifestations of the func-
tion sought.

21. In a data processing machine adapted to be pro-
grammed in accordance with intcrnally stored manifesta-
tions of program values, said program values each com-
prising an operation value portion, an address value
portion, and an instruction value portion; the combina-
tion of a rotating magnetic drum on which is defined a
plurality of address positions, means for recording mani-
festations of program values at selected ones of said
address positions and other data manifestations at other
of said address positions, means for reading recorded data
manifestations from said drum, program manifestation
storage means adapted to store manifestations of a pro-
gram value, an address register adapted to be conditioned
in accordance with manifestations of a value stored there-
in, an operation register adapted to be conditioned in
accordance with manifestations of an operation value
stored therein, first entry control means under control of
said address register for causing the manifestations of a
program value stored at the address position correspond-
ing to the manifestations of the value stored in said ad-
dress register to be entered into said program storage
means, second entry control means adapted to cause the
address value portion of the program value manifestations
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stored in said program manifestation storage means to be
entered into said address register to replace the manifesta-
tions of the value previously stored therein and to cause
the operation value portion of the program value mani-
festations stored in said program manifestation storage
means to be entered into said operation register, switching
means under control of said address register adapted to be
conditioned in accordance with manifestations of an ad-
dress value stored in said address register for selecting the
address of data manifestations to be processed by said
machine in accordance with the condition of said opera-
tion register, and third entry control means for causing
the instruction value portion of the program value mani-
festations stored in said program manifestations storage
means to be entered into said address register to replace
the manifestations of the address value previously stored
therein and to enable said first entry control means where-
by the program value manifestations at the address on
said drum corresponding to the value manifestations
stored in said address register are entered into said pro-
gram manifestation storage means.

22. In a data processing machine adapted to be pro-
grammed in accordance with internally stored manifesta-
tions of program values, said program values each com-
prising an address valuc portion and an instruction value
portion; the ccmbination of a rotating magnetic drum on
which is defined a plurality of address positions, means
for recording manifestations of program values at selected
ones of said address positions and other data manifesta-
tions at other of said address positions, means for reading
recorded data manifestations from said drum, program
manifestations storage means for storing manifestations
of program data, an address register adapted to be condi-
tioned in accordance with manifestations of a value stored
therein, first entry control means adapted to cause the
address value portion of the manifestations of the pro-
gram value stored in said program storage means to be
entered into said address register, means for manifesting
one or the other of two conditions, second entry control
means under control of said manifesting means for caus-
ing the address value portion of the manifestations of the
program value to remain in said address register or for
causing the instruction value portion of the program
value manifestations stored in said program storage
means to be entered into said address register to replace
the manifestations of the address value previously stored
therein in accordance with the one or the other of the
two conditions manifested by said manifesting means,
third entry means under the control of said address regis-
ter and adapted to be conditioned in accordance with the
manifestations of the value stored in said address register
for causing the program value manifestations stored on
said drum at the address position corresponding to the
vilue manifestations stored in said address register to be
entered into said program storage means.

23, Apparatus accerding to claim 21, in combination
with manifesting means for manifesting a first or a second
condition, means under control of said manifesting means
for disabling said third entry control means upon the
manifestation of said first condition so that the address
value manifestations stored in said address register remain
stored therein, and incffective npon the manifestation of
said second condition so that manifestations of one or the
other of two program values depending on the condition
manifested by said manifesting means is entered into said
program manifestation storage means from the address
location defined by the contents of said address register.

24, Tn a data processing machine of the type controlled
by stored program steps each comprised of manifestations
of data comprehending the operation to be performed and
the address of the next succeeding program step, the com-
bination comprising, program storage means for storing
a program step, control means responsive to manifesta-
tions of data stored in said program storage means for
controlling said machine, data manifestation storage
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means for storing a plurality of other program steps and
manifestations of other data, auxiliary storage means for
storing a program step, first transmitting means respon-
sive to said control means for transmitting data manifesta-
tions from said data manifestation storage means to said
program storage means in a sequence determined by the
manifestations of data of successive program steps, error
detecting means for continuously monitoring the opera-
tion of said machine, and means responsive to said error
detecting means for interrupting the operation of said
first transmitting means upon the occurrence of an error
and for transmitting data manifestations from said aux-
iliary storage means to said program storage means to
thereby alter the sequence of operations of said machine.

25. In a data processing machine of the type con-
trolled by stored program steps each comprised of
manifestations of data comprehending the operation to
be performed and the address of the next succeeding
program step, the combination comprising, program stor-
age means for storing a program step, control means re-
sponsive to manifestations of data stored in said program
storage means for controlling said machine, data manifes-
tation storage means, first transmitting means responsive
to said control means for transmitting data manifesta-
tions from said data manifestation storage means to said
program storage means in a sequence determined by the
manifestations of data of successive program steps,
auxiliary storage means for storing manifestations of
data comprehending the address of the first program step
of an alternate sequence of program steps, error detect-
ing means for continuously monitoring the operation of
said machine, and means responsive to said error de-
tecting means for interrupting the operation of said first
transmitting means upon the occurrence of an error and
for transmitting data manifestations from said auxiliary
storage means to said program storage means, to thereby
initiate an alternate sequence of operations.

26. In a data processing machine of the type controlled
by stored program steps each comprised of manifesta-
tions of data comprehending the operation to be per-
formed and the address of the next succeeding program
step, the combination comprising, program storage means
for storing a program step, control means responsive
to manifestations of data stored in said program storage
means for controlling said machine, data manifestation
storage means, first transmitting means responsive to said
control means for transmitting data manifestations from
said data manifestation storage means to said program
storage means in a sequence determined by the mani-
festations of data of successive program steps, auxiliary
storage means for storing manifestations of data compre-
hending the address of the first program step of a group
of program steps in which an error may occur, error
detecting means for continuously monitoring the opera-
tion of said machine, and means responsive to said error
detecting means for interrupting the operation of said
first transmitting means upon the occurrence of an error
and for transmitting data manifestations from said auxil-
iary storage means to said program storage means, to
thereby repeat the group of operations in which the error
occurred.

27. In a data processing machine of the type controlled
by stored program steps each comprised of manifesta-
tions of data comprehending the operation to be per-
formed and the address of the next succeeding program
step, the combination comprising, program storage means
for storing a program step, control means responsive to
manifestations of data stored in said program storage
means for controlling said machine, data manifestation
storage means, first transmitting means responsive to
said control means for transmitting data manifestations
from said data manifestation storage means to said pro-
gram storage means in a sequence determined by the
manifestations of data of successive program steps, auxil-
iary storage means for storing manifestations of data
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comprehending the address of a program step, error de-
tecting means for continuously monitoring the operation
of said machine, and means responsive to said error de-
tecting means for interrupting the operation of said first
transmitting means upon the occurrence of an error and
for transmitting data manifestations from said auxiliary
storage means to said program storage means, to thereby
start a sequence of operations beginning with the pro-
gram steps stored in said auxiliary storage means.

28. In a data processing machine of the type controlled
by stored program steps each comprised of manifesta-
tions of data comprehending the operation to be per-
formed and the address of the next succeeding program
step, the combination comprising, program storage
means for storing a program step, control means respon-
sive to manifestations of data stored in said program stor-
age means for controlling said machine, data manifesta-
tion storage means, first transmitting means responsive
to said control means for transmitting data manifestations
from said data manifestation storage means to said pro-
gram storage means in a sequence determined by the
manifestations of data of successive program steps, auxil-
iary storage means for storing manifestations of data
comprehending the address of the first program step of
the sequence, error detecting means for continuously
monitoring the operation of said machine, and means
responsive to said error detecting means for interrupting
the operation of said first transmitting means upon the
occurrence of an error and for transmitting data mani-
festations from said auxiliary storage means to said pro-
gram storage means, to thereby cause the machine to
repeat the sequence of operations preceding the operation
in which the error occurred.

29, In a data processing machine of the type controlled
by stored program steps each comprised of manifesta-
tions of data comprehending the addresses of first and
second positions in storage and the operation to be per-
formed by said machine, the combination comprising,
storage means having a plurality of addressable storage
positions for storing program steps and manifestations
of data to be operated upon by said machine, a program
register having a first storage position for storing mani-
festations of data comprehending the address of a first
position in said storage means and a second storage posi-
tion for storing manifestations of data comprehending
the address of a second position in said storage means, a
first bi-stable device adapted to be set in a first or a second
stable state for manifesting a first or a second stable
state condition, a second bi-stable device adapted to be
set in a first or a second stable state for manifesting a
first or a second stable state condition, an address register
adapted to store manifestations of data for addressing a
position in said storage means in accordance with the
manifestations of data stored in said address register,
means responsive to the manifestation of the first stable
state by said first bi-stable device for conditioning said
address register to receive data manifestations from said
first position of said program register and responsive to
the manifestation of the second stable state by said first bi-
stable device for conditioning said address register to
receive data manifestations from said second position of
said program register, means for transmitting manifesta-
tions of data from said program register to said address
register in accordance with the stable state manifested by
said first bi-stable device, a first channel responsive to the
manifestation of the first stable state by said second bi-
stable device for transmitting data from the storage posi-
tion of said storage means addressed by said address
register to said program register, a calculator section, and
a second channel responsive to the manifestation of the
second stable state by said second bi-stable device for
transmitting data manifestations from the storage posi-
tion of said storage means addressed by said address
register to said calculator section.
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30. In a data processing machine of the type controlled
by stored program steps each comprised of manifestations
of data comprehending the addresses of first and second
positions in storage and the operation to be performed by
said machine, the combination comprising, storage means
having a plurality of addressable storage positions for
storing program steps and manifestations of data to be
operated upon by said machine, a program register hav-
ing a first storage position for storing manifestations of
data comprehending the address of a first position in said
storage means and a second storage position for storing
manifestations of data comprehending the address of a
second position in said storage means, a first bi-stable de-
vice adapted to be set in a first or a second stable state
for manifesting a first or a second stable state condition,
a second bi-stable device adapted to be set in a first or a
second stable state for manifesting a first or a second
stable state condition, an address register adapted to store
manifestations of data for addressing a position in said
storage means in accordance with the manifestations of
data stored in said address register, means responsive to
the manifestation of the first stable state by said first bi-
stable device for conditioning said address register to re-
receive data manifestations from said first position of said
program register and responsive to the manifestation of
the second stable state by said first bi-stable device for
conditioning said address register to receive data mani-
festations from said second position of said program
register, means for transmitting manifestations of data
from said program register to said address register in
accordance with the stable state manifested by said first
bi-stable device, and a first channel responsive to the
manifestation of the first stable state by said second bi-
stable device for transmitting data from an addressed
storage position of said storage means to said program
register, a calculator section, a second channe] adapted to
be conditioned to transmit data manifestations from an
addressed storage position of said storage means to said
calculator section and to manifest a complete signal upon
the completion of a transmission, means responsive to a
change in the stable state of said first bi-stable device
for changing the stable state of said second bi-stable de-
vice, and means responsive to a manifested complete sig-
nal for reversing the stable state of said first bi-stable
device.

31. In a data processing machine of the type controlled
by stored program steps each comprised of manifesta-
tions of data comprehending the addresses of first and
second positions in storage and the operation to be per-
formed by said machine, the combination comprising,
storage means having a plurality of addressable storage
positions for storing program steps and manifestations of
data to be operated upon by said machine, a program
register having a first storage position for storing mani-
festations of data comprehending the address of a first
position in said storage means and a second storage posi-
tion for storing manifestations of data comprehending
the address of a second position in said storage means, a
first bi-stable device adapted to be set in a first or a sec-
ond stable state for manifesting a first or a second stable
state condition, a second bi-stable device adapted to be
set in a first or a second stable state for manifesting a
first or a second stable state condition, an address regis-
ter adapted to store manifestations of data for addressing
a position in said storage means in accordance with the
manifestations of data stored in said address register,
means responsive to the manifestation of the first stable
state by said first bi-stable device for conditioning said
address register to receive data manifestations from said
first position of said program register and responsive to
the manifestation of the second stable state by said first
bi-siable device for conditioning said address register to
receive data manifestations from said second position of
said program register, means for transmitting manifesta-
tions of data from said program register to said address
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register in accordance with the stable state manifested by
said first bi-stable device, a first channel responsive to
the manifestation of the first stable state by said second
bi-stable device for transmitting data from the storage
position of said storage means addressed by said address
register to said program register, a calculator section, a
second channel responsive to the manifestation of the sec-
ond stable state by said second bi-stable device for trans-
mitting data manifestations from the storage position of
said storage means addressed by said address register
to said calculator section, means under control of said
first and second channels for producing a signal upon the
completion of a data manifestation transmission by one
of said channels, means responsive to a signal produced
by said signal producing means for reversing the stable
state of said first bi-stable device, and means responsive to
a reversal in the stable state of said first bi-stable device
for reversing the stable state of said second bi-stable
device, whereby manifestations of data from alternate-
ly addressed storage positions in said storage means are
alternately transmitted to said program register and to
said calculator section.

32. In a data processing machine of the type controlled
by stored program steps each comprised of manifesta-
tions of data comprehending the addresses of first and
second positions in storage and the operation to be per-
formed by said machine, the combination comprising,
storage means having a plurality of addressable storage
positions for storing program steps and manifestations of
data to be operated upon by said machine, a program
register having a first storage position for storing mani-
festations of data comprehending the address of a first
position in said storage means and a second storage posi-
tion for storing manifestations of data comprehending the
address of a second position in said storage means, a
first bi-stable device adapted to be set in a first or a
second stable state for manifesting a first or a second
stable state condition, a second bi-stable device adapted
to be set in a first or a second stable state for manifest-
ing a first or a second stable state condition, an address
register adapted to store manifestations of data for ad-
dressing a position in said storage means in accordance
with the manifestations of data stored in said address
register, means responsive to the manifestation of the
first stable state by said first bi-stable device for condition-
ing said address register to receive data manifestations
from said first position of said program register and re-
sponsive to the manifestation of the second stable state
by said first bi-stable device for conditioning said address
register to receive data manifestations from said second
position of said program register, means for transmitting
manifestations of data from said program register to said
address register in accordance with the stable state mani-
fested by said first bi-stable device, a first channel respon-
sive to the manifestation of the first stable state by said
second bi-stable device for transmitting data from the
storage position of said storage means addressed by said
address register to said program register, a calculator
section, a second channel adapted to be conditioned to
transmit data manifestations from the storage position of
said storage means addressed by said address register to
said calculator section and to manifest a complete signal
upon the completion of a transmission, an operation regis-
ter for storing manifestations of data comprehending the
operation to be performed by said machine, means under
control of said operation register for testing said calcu-
lator section and manifesting a condition of said calcu-
lator, means responsive to a change in the stable state of
said first bi-stable device for changing the stable state of
said second bi-stable device, means responsive to a mani-
fested complete signal operative to reverse the stable state
of said first bi-stable device, and means responsive to a
predetermined manifestation by said testing means for
blocking the operation of said last-named means and for
reversing the stable state of said second bi-stable device,
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whereby manifestations of data from two successively
addressed positions in said storage means are transmitted
to said program register upon the occurrence of a pre-
determined condition.

33. In a data processing machine of the type controlled
by stored program steps each comprised of manifesta-
tions of data comprehending the addresses of first and
second positions in storage and the operation to be per-
formed by said machine, the combination comprising,
storage means having a plurality of addressable storage
positions for storing program steps and manifestations of
data to be operated upon by said machine, a program
register having a first storage position for storing mani-
festations of data comprehending the address of a first
position in said storage means and a second storage posi-
tion for storing manifestations of data comprehending the
address of a second position in said storage means, a
first bi-stable device adapted to be set in a first or a second
stable state for manifesting a first or a second stable state
condition, a second bi-stable device adapted to be set in
a first or a second stable state for manifesting a first or
a second stable state condition, an address register adapted
to store manifestations of data for addressing a position
in said storage means in accordance with the manifesta-
tions of data stored in said address register, means re-
sponsive to the manifestation of the first stable state by
said first bi-stable device for conditioning said address
register to receive data manifestations from said first posi-
tion of said program register and responsive to the mani-
festation of the second stable state by said first bi-stable
device for conditioning said address register to receive
data manifestations from said second position of said
program register, means for transmitting manifestations of
data from said program register to said address register
in accordance with the stable state manifested by said
first bi-stable device, a first channel responsive to the
manifestation of the first stable state by said second bi-
stable device for transmitting data from the storage posi-
tion of said storage means addressed by said address regis-
ter to said program register, a calculator section including
a component adapted to be tested for one or the other of
two specific states of said component, a second channel
responsive to the manifestation of the second stable
state by said second bi-stable device for transmitting data
manifestations from the storage position of said storage
means addressed by said address register to said calculator
section, means under control of said first and second chan-
nels for producing a first signal upon the completion of
a data manifestation transmission by one of said channels,
restart means responsive to said first signal for reversing
the stable state of said first bi-stable device and adapted
to be disabled, means responsive to a reversal in the stable
state of said first bi-stable device for reversing the stable
state of said second bi-stable device, an operation register
adapted to store manifestations of data comprehending a
test to be performed, means under control of said opera-
tion register for testing said component and producing
a second signal indicative of a first state of said compo-
nent, and means responsive to said second signal for dis-
abling said restart means and for reversing the stable state
of said second bi-stable device.

34. Apparatus according to claim 33 wherein said
first bi-stable circuit comprises a latch circuit and said sec-
ond bi-stable device comprises a pair of interconnected
latch circuits.

35. Apparatus according to claim 33 wherein said com-
ponent comprises an accumulator adapted to be tested for
manifestations of a plus or a minus sign.

36. Apparatus according to claim 33 wherein said
component comprises an accumulator adapted to be tested
for manifestations of a zero or a no zero condition of a
predetermined denominational order.

37. Apparatus according to claim 33 wherein said
component comprises an accumulator adapted to be tested
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for manifestations of zeros in all denominational orders
or not zeros in all denominational orders.

38. Apparatus according to claim 33 wherein said com-
ponent comprises a distributor adapted to be tested for
manifestations of a plus or a minus sign.

39, Apparatus according to claim 33 wherein said com-
ponent comprises an accumulator adapted to be tested
for an overflow or a no overflow condition.

40. In a data processing machine of the type controlled
by stored program steps each comprised of manifesta-
tions of data comprehending the addresses of first and
second positions in storage and the operation to be per-
formed by said machine, the combiration comprising,
storage means having a plurality of addressable storage
positions for storing program steps and manifestations of
data to be operated upon by said machine, a program
register having a first storage position for storing mani-
festations of data comprehending the address of a first
position in said storage means and a second storage posi-
tion for storing manifestations of data comprehending the
address of a second position in said storage means, a first
bi-stable device adapted to be set in a first or a second
stable state for manifesting a first or a second stable state
condition, a second bi-stable device adapted to be setin a
first or a second stable state for manifesting a first or a
second stable state condition, an address register adapted
to store manifestations of data for addressing a position
in said storage means in accordance with the manifesta-
tions of data stored in said address register, means re-
sponsive to the manifestation of the first stable state by
said first bi-stable device for conditioning said address
register to receive data manifestations from said first posi-
tion of said program register and responsive to the mani-
festation of the second stable state by said first bi-stable
device for conditioning said address register to receive
data manifestations from said second position of said
program register, means for transmitting manifestations
of data from said program register to said address register
in accordance with the stable state manifested by said first
bi-stable device, a first channel responsive to the mani-
festation of the first stable state by said second bi-stable
device for transmitting data from the storage position of
said storage means addressed by said address register to
said program register, a calculator section including meahs
for producing a calculation complete signal, a second
channel responsive to the manifestation of the second
stable state by said second bi-stable device for transmitting
data manifestations from the storage position of said
storage means addressed by said address register to said
calculator section, means under control of said first chan-
nel for producing a second signal upon the completion of
a data manifestation transmission by said first channel;
means responsive to the coincidence of said second signal
and a calculation complete signal for reversing the stable
state of said first bi-stable device; means under control
of said second channel for reversing the stable state of
said first bi-stable device upon the completion of a data
manifestation transmission by said second channel, and
means responsive to a reversal in the stable state of said
first bi-stable device for reversing the stable state of said
second bi-stable device, whereby data manifestations may
be transmitted to said program register simultaneously
with the operation of said calculator section.

41. In a data processing machine of the type controlled
by stored program steps each comprised of manifestations
of data comprehending the addresses of first and second
positions in storage and the operation to be performed by
said machine; the combination comprising: storage means
having a plurality of addressable storage positions for
storing program steps and manifestations of data to be
operated upon by said machine; a program register hav-
ing a first storage position for storing manifestations of
data comprehending the address of a first position in said
storage means, a second storage position for storing
manifestations of data comprehending the address of a
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second position in said storage means and a third storage
position for storing manifestations of data comprehending
the operation to be performed by said machine; a first
bi-stable device adapted to be set in a first or a second
stable state for manifesting a first or a second stable state
condition; a second bi-stable device adapted to be set in
a first or a second stable state for manifesting a first or a
second stable state condition; an address register adapted
to store manifestations of data for addressing a position
in said storage means in accordance with the manifesta-
tions of data stored in said address register; an operation
register adapted to store manifestations of data for con-
trolling the operation of said machine; means responsive
to the manifestation of the first stable state by said first
bi-stable device for conditioning said address register to
receive data manifestations from said first position of said
program register and for conditioning said operation reg-
ister to receive data manifestations from said third posi-
tion of said program register, and responsive to the mani-
festation of the second stable state by said first bi-stable
device for conditioning said address register to receive
data manifestations from said second position of said
program register; means for transmitting manifestations
of data from said program register to said address register
and said operation register in accordance with the stable
state manifested by said first bi-stable device; a first chan-
nel responsive to the manifestation of the first stable state
by said second bi-stable device for transmitting data from
the storage position of said storage means addressed by
said address register to said program register; a calculator
section including means for producing a calculation com-
plete signal; a second channel responsive to the manifesta-
tion of the second stable state by said second bi-stable
device for transmitting data manifestations from the stor-
age position of said storage means addressed by said
address register to said calculator section; means under
control of said first channel for producing a second
signal upon the completion of a data manifestation trans-
mission by said first channel; means responsive to the
coincidence of said second signal and a calculation com-
plete signal for reversing the stable state of said first bi-
stable device; means under control of said second channel
for reversing the stable state of said first bi-stable device
upon the completion of a data manifestation transmission
by said second channel; means responsive to a reversal in
the stable state of said first bi-stable device for reversing
the stable state of said second bi-stable device; means
under control of said operation register for producing a
third signal; and means responsive to the coincidence of
said third signal and said second signal for reversing the
stable state of said first bi-stable device, whereby a plu-
rality of operations may be simultaneously performed by
said machine.

42. In a data processing machine of the type controlled
by stored program steps each comprised of manifestations
of data comprehending the addresses of first and second
positions in storage and the operation to be performed
by said machine; the combination comprising: storage
means having a plurality of addressable storage positions
for storing program steps and manifestations of data to be
operated upon by said machine; a program register having
a first storage position for storing manifestations of data
comprehending the address of a first position in said
storage means, a second storage position for storing mani-
festations of data comprehending the address of a second
position in said storage means and a third storage posi-
tion for storing manifestations of data comprehending the
operation to be performed by said machine; a first bi-
stable device adapted to be set in a first or a second stable
state for manifesting a first or a second stable state condi-
tion; a second bi-stable device adapted to be set in a first
or a second stable state for manifesting a first or a second
stable state condition; an address register adapted to store
manifestations of data for addressing a position in said
storage means in accordance with the manifestations of
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data stored in said address register; an operation register
adapted to store manifestations of data for controlling
the operation of said machine; means responsive to the
manifestation of the first stable state by said first bi-stable
device for conditioning said address register to receive
data manifestations from said first position of said pro-
gram register and for conditioning said operation register
to receive data manifestations from said third position in
said program register and responsive to the manifestation
of the second stable state by said first bi-stable device for
conditioning said address register to receive data mani-
festations from said second position of said program
register; means for transmitting manifestations of data
from said program register to said address register and
said operation register in accordance with the stable state
manifested by said first bi-stable device; a first channel
responsive to the manifestation of the first stable state by
said second bi-stable device for transmitting data from
the storage position of said storage means addressed by
said address register to said program register; a calculator
section including means for producing a calculation com-
plete signal; a second channel responsive to the mani-
festation of the second stable state by said second bi-stable
device for transmitting data manifestations from the stor-
age position of said storage means addressed by said ad-
dress register to said calculator section; means under
control of said first channel for producing a second signal
upon the completion of a data manifestation transmission
by said first channel; means responsive to the coincidence
of said second signal and a calculation complete signal
for reversing the stable state of said bi-stable device,
means under control of said second channel for reversing
the stable state of said first bi-stable device upon the com-
pletion of a data manifestation transmission by said second
channel; means responsive to a reversal in the stable state
of said first bi-stable device for reversing the stable state
of said second bi-stable device; means under control of
said operation register for producing a third signal;
means responsive to the coincidence of said second and
said third signals for reversing the stable state of said
first bi-stable device; and an interlock for preventing
simultaneous use of a single component of said calculator
section,

43, In a data processing machine of the type controlled
by stored program steps each comprised of manifesta-
tions of data comprehending the operation to be per-
formed and the address of two storage positions in said
machine; the combination comprising: storage means
having a plurality of addressable storage positions for
storing program steps and other data manifestations; a
program register for storing a program step comprised
of manifestations of data comprehending the address of
the next succeeding program step of a first sequence of
program steps and the address of the first program step
of an alternate sequence of program steps, the last pro-
gram step of said alternate sequence of program steps
including manifestations of data comprehending the ad-
dress of said next step of said first sequence of steps;
data manifestation transmitting means for transmitting
data manifestations from said storage means to said pro-
gram register; an address register for controlling said
data manifestation transmitting means to transmit data
from an address position in said storage means in accord-
ance with the data manifestation stored in said address
register; condition manifesting means for manifesting
first and second conditions; and means responsive to
said condition manifesting means for transmitting the
manifestations of data comprehending the address of the
next program step of said first sequence of program steps
from said program register to said address register in
response to the manifestation of the first condition and
for transmitting data manifestations comprehending the
first step of said alternate sequence of steps from said
program register to said address register in response to
the manifestation of the second condition, whereby a
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predetermined group of other program steps may be in-
serted into a sequence of program steps.

44, In a data processing machine of the type controlled
by stored program steps each comprised of manifesta-
tions of data comprehending the operation to be per-
formed and the address of two storage positions in said
machine; the combination comprising: storage means
having a plurality of addressable storage positions for
storing program steps and other data manifestations; a
program register for storing a program step comprised
of manifestations of data comprehending the address of
the next succeeding program step of a first sequence of
program steps and the address of the first program step
of an alternate sequence of program steps, the last pro-
gram step of said second sequence of program steps
including manifestations of data comprehending the ad-
dress of a predetermined program step of said first se-
quence of steps; data manifestation transmitting means
for transmitting data manifestations from said storage
means to said program register; an address register for
controlling said data manifestation transmitting means
to transmit data from an address position in said stor-
age means in accordance with the data manifestation
stored in said address register; condition manifesting
means for manifesting first and second conditions; and
means responsive to said condition manifesting means
for transmitting the manifestations of data comprehend-
ing the address of the next program step of said first
sequence of program steps from said program register
to said address register in response to the manifestation
of the first condition and for transmitting data mani-
festations comprehending the first step of said alternate
sequence of steps from said program register to said
address register in response to the manifestation of the
second condition, whereby an alternate group of program
steps may be substituted for a predetermined group of
program steps of a sequence,

45. Apparatus according to claim 44 wherein said pro-
gram register to address register transmitting means com-
prises a bi-stable device adapted to be set in one or the
other of two stable states,

46. Apparatus according to claim 45 further char-
acterized by the provision of a calculator section and
wherein said condition manifesting means is under con-
trol of said calculator.
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